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Abstract:  With the changing dynamics of electric grid systems around the world, decision-
makers ς both institutional and technological ς are facing numerous new challenges to 
operating, planning, and expanding their systems.1  New technologies are challenging 
conventional regulatory regimes and new policies and consumer demands are similarly 
challenging the currently available technologies.  For example, as the demand for cleaner 
energy sources gains ground all over the globe, technological improvements are necessary to 
integrate large amounts of variable energy sources such as solar and wind into various 
electricity systems, while ensuring acceptable levels of reliability and security of the system.  
Similarly, as consumers engage more with electricity systems, demand profiles and consumer 
choice, among other demand-side elements, are also challenging our system, providing 
opportunities for demand-side management and related technologies.  In this rapidly changing 
landscape, regulators and policy-makers must consider how consumer participation and new 
technologies interact with the market place.   
 
This discussion paper from ISGAN Annex 6 Power Transmission & Distribution Systems Tasks 1 
and 2 focuses on achieving flexible power delivery by examining the policies and regulations, as 
well as expansion, planning, and market analysis for the United States and Europe.  This review 

                                                      
1
 Electricity systems integrate technologies, polices and markets across generation, transmission, distribution, and 

end-users. 



 

ISGAN Annex 6, Task 1-2 Discussion Paper  Page 2 

looks at how policies and regulations have changed to accommodate new developments in the 
operation, planning, and market areas of each grid system.  Additionally, it highlights certain 
efforts undertaken to better understand and implement the policy and regulatory changes in 
these processes as both the United States and Europe work towards achieving a modernized 
grid system, specifically including the increased deployment and use of smart grid technologies, 
e.g., synchrophasor measurement technologies, net metering, distributed generation, energy 
storage, advanced metering infrastructure.   
 
About ISGAN Discussion Papers:  ISGAN discussion papers are meant as input documents to 
the global discussion about smart grids.  Each is a statement by the author(s) regarding a topic 
of international interest.  They reflect works in progress in the development of smart grids in 
the different regions of the world.  Their aim is not to communicate a final outcome or to advise 
decision-makers, rather to lay the ground work for further research and analysis. 
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1 Executive Summary  
 
THE HOLISTIC APPROACH TO SMARTER ELECTRIC SYSTEMS 

ISGAN Annex 6 is working to establish a long-term vision for the development of 
smarter electricity systems.  Flexibility, visibility, and understanding of grid operations are 
important characteristics that enable deployment of technologies to develop a more modern, 
smarter electric grid system that can securely, reliably, and resiliently adapt to the panoply of 
challenges it is likely to encounter in the coming decades.  This effort will improve general 
understanding of smart grid technologies applicable to or influencing system performance, 
transmission capacity, and operation practices; accelerate their development and deployment; 
and, promote adoption of related enabling regulatory and government policies.   

Addressing challenges such as changes in load profiles, electricity resources, disruptions, 
and development requires a systematic, holistic, integrated approach that considers not only 
ǘƘŜ ŜƴŀōƭƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳǘ ŀƭǎƻ ǘƘŜ άǊǳƭŜǎ ƻŦ ŜƴƎŀƎŜƳŜƴǘέ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜƛǊ ŘŜǇƭƻȅƳŜƴǘΦ  
¢ƘŜǎŜ άǊǳƭŜǎέ ƛƴŎƭǳŘŜ ǘƘŜ ƭŀǿǎ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎ ǘƘŀǘ ƎƻǾŜǊƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ system, from 
generation to end ǳǎŜǊΤ ǘƘŜ ǇƭŀƴƴƛƴƎΣ ƻǇŜǊŀǘƛƻƴΣ ŀƴŘ άƎǊƛŘ ƳŀƴŀƎŜƳŜƴǘέ ǎǘǊǳŎǘǳǊŜ ŀƴŘ 
implementation; and, the policy, market, and regulatory approaches employed or considered to 
enable achieving a smarter grid.  As illustrated by Figure 1Σ ŀŎǊƻǎǎ ŀƭƭ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ άƎǊƛŘ 
ǎǇŀŎŜέ όƻǳǘƭƛƴŜŘ ƛƴ ǊŜŘύΣ ƛǘ ƛǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƻ ŜƴǎǳǊŜ ŜŦŦƛŎƛŜƴǘΣ ǊŜƭƛŀōƭŜΣ ŀƴŘ ǎŜŎǳǊŜ ǎȅǎǘŜƳ 
operation as well as cost-effective system planning and expansion. 
 

 
Figure 1.  Grid space encompasses conventional elements as well as  

their institutions and other drivers (e.g., markets, policies, regulations) 
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The United States Electric System 
The United States (U.S.) άƎǊƛŘέ ƛǎ ŀ ƘƛƎƘƭȅ ŎƻƳǇƭŜȄ ŀƴŘ ŘȅƴŀƳƛŎ ǎȅǎǘŜƳ that operates in 

connection with Canada and Mexico (together comprising the North American grid).  The U.S. 
electric system comprises three electrically independent networksτthe Eastern, Western, and 
Electric Reliability Council of Texas (ERCOT) Interconnectionsτthat are connected via direct 
current (DC) links (see Figure 2).  This system is further divided into over 140 control areas 
responsible for balancing generation and consumption of electricity at all times.  The U.S. 
electric system has no linear or singular operational or management structure. 
 

 
Figure 2.  North American Electric Reliability Corporation (NERC) Regions across the North American 

interconnections 

In the U.S., electricity markets and the electricity industry broadly have been undergoing 
major paradigm shifts over the past few decades.  The introduction of open transmission access 
and restructured electricity markets in the 1990s has led to fundamental changes in ownership 
structures and planning and operational responsibilities.  Because of the national scope of 
these issues, regional planning and cooperation among all levels of government and interested 
stakeholders have been encouraged by federal entities, including the U.S. Department of 
Energy (DOE) and the U.S. Federal Energy Regulatory Commission (FERC).  One recent example 
of this is the DOE-funded Interconnection Wide Transmission Planning process in which five 
grantee-organizations within the three North American Interconnections in the U.S. have 
worked to analyze how best to approach the planning and build-out of their transmission 
systems moving forward.   
 
The European Electric System 

Power transmission in Europe is characterized by a high degree of interconnections and 
inter-area power exchanges, congestion, volatility, and diversity of operating conditions.  The 
power system is subject to the thrust of pan-European market integration and the need to face 
the variability of renewables such as wind and solar from a system-wide approach, while 
guaranteeing reliability of supply.  The European grid comprises five synchronous areas, 34 
countries, and 41 transmission system operators (TSOs) (see Figure 3). 
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Figure 3.  Synchronous zones in Europe 

In recent years, electric power systems have been experiencing profound 
transformations.  In the European Union (EU), issues concerning security of energy supply, 
electricity market restructuring, and environmental constraints represent key drivers for new 
trends that may have significant impact on the design and operation of the electric power 
system; this is particularly true for the transmission system.  Moreover, and most critically, the 
European energy sector has been deeply changing as the EU member states decided in 2007 to 
lay down ambitious environmental targets to be achieved by 2020.  Through these efforts, the 
European electric grids ŀǊŜ ƻƴ ŀ ŎǊƛǘƛŎŀƭ ǇŀǘƘ ǘƻ ƳŜŜǘ ǘƘŜ 9¦Ωǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ŜƴŜǊƎȅ ǇƻƭƛŎȅ 
objectives for 2020 and beyond. 

Further issues faced by transmission planners nowadays are related to social and 
environmental constraints to the building (and in some cases even refurbishment) of 
transmission infrastructure.  Aging European grid assets, increased penetration of distributed 
energy resources, and active demand will play a role in the power system and impact the 
upstream transmission.  The period when generation was considered fully predictable and 
consumption fully stochastic is evolving to an era where generation becomes partially 
stochastic and, at the same time, the amount of controllable consumption rises.  The 
combination of all these challenges requires a long and costly technical, market, and regulatory 
re-engineering process of the European energy system. 
 
REGULATORY AND POLICY ENVIRONMENTS 

In both the U.S. and Europe, there are many non-technical factors that drive or 
challenge the development of a smarter grid through deployment of technologies.  Additionally, 
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the hierarchy of governments and cross-border organizations add complexity to the already 
diverse challenges that are present in each electric system.  Strategic measures taken by 
apǇǊƻǇǊƛŀǘŜ ŀǳǘƘƻǊƛǘƛŜǎ Ŏŀƴ ƘŜƭǇ ǘƻ ŘŜŦƛƴŜ ǘƘŜ άǊǳƭŜǎ ƻŦ ŜƴƎŀƎŜƳŜƴǘέ ǘƻ ōŜǘǘŜǊ ŜƴŀōƭŜ ŀŎƘƛŜǾƛƴƎ 
a smarter grid. 
 
United States Regulations and Polices ς Past and Present 

Traditionally, in the U.S., local electric utilities, municipalities, or cooperatives were 
granted a state-protected monopoly under the premise that insulation from competition was 
necessary to ensure reliable and cost-effective service.  Beginning in the late 1980s and early 
1990s, electricity regulators in some jurisdictions began experimenting with a deregulated 
market model.  The unquestioned premise that the generation, transmission, and distribution 
of electricity, in order to operate effectively, must be protected by a legal monopoly no longer 
has universal agreement. 

States and the federal government have separate but connected authorities in the 
electricity sector.  The jurisdictional line between federal and state regulatory authority is not 
always clear.  States have more flexibility within their borders to promote the public interest of 
both the state and federal governments and to determine how the energy needs of their 
citizens will be met, e.g., through renewable portfolio standard (RPS) programs.  State public 
utility commissions (PUCs) are the primary regulatory bodies that govern the electricity sector 
within the borders of their states.  PUCs are generally responsible for the retail rates of 
electricity and the siting of transmission projects.  While the federal government is an 
important player in planning and building energy infrastructure, and can be a driver of 
innovation, most of the regulatory innovation in energy policy happens at the state level. 

In the U.S., two federal entities have primary legal and regulatory jurisdiction over the 
electricity sector:  Congress and the FERC.  Congressional legislation has provided the legal 
authority for federal agencies to regulate and/or support innovation within the electricity 
sector.  The FERC, with jurisdiction over wholesale transmission rates (among other 
authorities), has undertaken a series of orders to address some of the challenges facing the 
electricity sector, e.g., increased variable generation, transmission cost allocation, how regions 
of the electric system are managed, how electricity is traded, and how the electric system is 
operated and planned.  

The overall regulatory framework for transmission planning and cost allocation is in a 
state of flux, influenced by the changing technological landscape.  The FERC issued Order 1000 
in 2011, building from previous FERC orders, with two primary objectives:  (1) ensuring that 
transmission planning processes at the regional level are non-discriminatory, efficient, and cost-
effective and (2) ensuring that transmission needs chosen via regional planning methods 
allocate costs fairly to those that receive benefits.  Since the FERC issued Order 1000, states 
have been working to self-organize into qualified regions and submit plans to the FERC for 
review and approval.  Some legal issues and challenges have arisen in connection with regional 
planning and cost allocation outcomes under Order 1000.   

Many electricity markets operate within the structure of a regional transmission 
organization (RTO) or independent system operator (ISO).  RTOs are voluntary associations of 
utilities that own electrical transmission lines interconnected to form a regional grid and that 
agree to delegate operational control of the grid to the association.  There are six major 
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RTOs/ISOs in the U.S. that serve about two-ǘƘƛǊŘǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ Ŏƻƴǎǳmers.  
Entities that do not participate in an RTO or ISO are accounted for under the North American 
9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅ /ƻǊǇƻǊŀǘƛƻƴ όb9w/ύ άǊŜƭƛŀōƛƭƛǘȅ ǊŜƎƛƻƴǎΦέ  w¢hǎκL{hǎ Ǉƭŀȅ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ƛƴ 
overseeing the long-term planning for system operation needs and to coordinate operation of 
the transmission system. 

Electric system infrastructure is often subject to regulation by other federal entities in 
the U.S. for environmental performance (e.g., generation and transmission/distribution 
emissions), environmental impact and historic preservation (e.g., for new transmission line 
construction), endangered species, and wetlands, to name some examples.  Moreover, states 
often have similar regulations that must be complied with to obtain proper state permitting for 
new generation and transmission projects.  These additional constraints add another layer of 
complexity to the planning and expansion of electric system infrastructure.  
 
European Energy Policies ς Past and Present 

European energy policy has been ōŀǎŜŘ ƻƴ ǘƘǊŜŜ άǇƛƭƭŀǊǎΣέ ƴŀƳŜƭȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ 
generation from renewable energy and reducing CO2 emissions (sustainability), guaranteeing 
security of energy supply (security), and integrating the European electricity market 
(competitiveness).  In order to achieve these objectives, the transmission grid plays a central 
role within EU energy policy.  In fact, a truly pan-European approach is needed for the planning 
and operation of electricity infrastructure, especially where a significant cross-border impact is 
concerned.  In 2006, the European Commission (EC) issued the Trans-European Energy 
Networks (TEN-E) Guidelines document featuring a list of infrastructures recognized as priority 
projects of European interest.  Notwithstanding some improvements in unlocking some TEN-E 
priority projects of European interest, the situation for the completion of such projects stayed 
critical.   

In order to overcome this critical situation, the EC issued two additional 
communications in November 2010:  (1) the first defined energy strategy in Europe towards 
2020 targets and called for a step change in the way energy infrastructure and networks in 
Europe are planned, constructed, and operated and (2) the second set the creation of a pan-
European methodological approach in prioritizing the projects of European interest as a key 
measure towards EU targets for 2020 and beyond.   

To ensure timely integration of renewable generation capacities in Northern and 
Southern Europe and foster further market integration, four crucial priority corridors of the 
European power system were identified:  (1) Offshore grid in the North Seas and connection to 
Northern and Central Europe, (2) Completion of the Baltic Energy Market Interconnection Plan, 
(3) Interconnections in South Western Europe, and (4) Connections in Central Eastern and 
South Eastern Europe.  In addition to these four priority corridors, smart grid deployment and 
electricity highway development across Europe have been included as priority areas for 
infrastructure expansion towards 2020 and beyond.  The realization that a potential pan-
European supergrid is a complex process indicated that can only be considered in a long-term 
perspective (after 2020), as there are still several techno-economic, technological, regulatory, 
market, and socio-environmental issues that will have to be properly handled and solved over 
the years. 
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In view of fostering cooperation and harmonization in transmission planning and 
operation, as well as the dialogue between TSOs and institutions (primarily the EC and the 
regulating bodies), the EC promoted the creation of the European Network of Transmission 
System Operators for Electricity (ENTSO-E), the body of TSOs at the European level. ENTSO-E 
comprises 41 TSOs from 34 countries, some of which are not part of the EU.  

An important contribution to the identification of common development according to 
EU objectives was given by the first (pilot) ENTSO-E Ten-Year Network Development Plan 
(TYNDP) 2010ς2020, issued in 2010, extended then in 2012, and to be updated every two years 
thereafter. 
 
TRANSMISSION OPERATION AND MANAGEMENT 

Diversity of grid resources and operational strategies often add complexity to the grid.  
Understanding these factors and having appropriate visibility into their impacts on grid 
operation is paramount.  Both the U.S. and Europe strive to achieve this through the 
deployment of smart grid technologies. 
 
United States Electric System Operation 

Operating and managing the grid is a multi-layered, complex system-wide task.  
Operation of the electric system does not happen unilaterally by a single entity, but rather is 
accomplished across a wide variety of organizations, from the state to the federal level, acting 
in concert across various functions.  Moreover, the U.S. transmission system is managed across 
a variety of industry standards that vary according to jurisdiction.  State and federal entities 
have jurisdiction over different aspects of electric system operation and management, primarily 
divided between transmission and distribution. 

The distinction between transmission and distribution is one of size and scope.  
Transmission refers to the transport of electrons at high voltages from generating infrastructure 
to converting stations (substations or transformers) 100 kV or higher.  In distribution systems, 
electricity is at much lower voltages; typically, the network would include medium-voltage (13 
kV to 69 kV) power lines for commercial and industrial customers and low-voltage (less than 
1 kV) power lines for residential customers (see Figure 4). 
 

 
Figure 4.  Schematic of the generation, transmission, and distribution system in the U.S. 
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At the federal level, NERC facilitates 15 reliability coordinators among the eight NERC 
regional reliability entities.  The reliability coordinator ensures that schedules of power delivery 
are being met and oversees the individual balancing authorities.  Balancing authorities are the 
entities that integrate resource plans ahead of time, maintain load-interchange-generation 
balance within a balancing authority area, and support interconnection frequency in real-time.  
Coordination between RTOs/ISOs and the various reliability areas and organizations constitutes 
the majority of the power flow in operating and managing the bulk power system.  However, 
operating the electric system in the U.S. is a complicated matter. 

!ǘ ǘƘŜ άƭƻŎŀƭέ όŘƛǎǘǊƛōǳǘƛƻƴύ ƭŜǾŜƭΣ ǘƘŜ ƻǿƴer of the local distribution system is 
responsible for operation and maintenance and ensures the delivery of electricity to its 
customers.  While the distribution and transmission systems traditionally had clearly defined 
relationships, their boundaries are blurring.  Now, distribution systems entail or encompass 
broader concepts such as distributed generation (DG) and net metering. 
 
European Electric System Operation 

The major challenges of transmission system operation in Europe are due to the 
extension of the electricity market and to the integration of large amounts of renewables, in 
particular wind and photovoltaic (PV), and DG.  As security limits are tested, jurisdictional issues 
may prevent optimal decisions from being implemented.  For example, the technology and 
control strategies of DG inherently modify the dynamics of the power system, possibly causing 
stability problems.  Overall, increased TSO/distribution system operator (DSO) coordination is 
needed, with changes on both the technical and regulatory sides.   

However, the complexity of system behavior is increasing, as is the need for inter-TSO 
coordination.  Enhanced analysis tools to assess online the security of the whole system and 
identify control actions are increasingly needed.  ENTSO-E aims to support security of operation 
by harmonization of operating rules and cooperation among TSOs. Following are some 
highlights of the emerging issues relevant to operation:   

(1) Security implications of the penetration of growing amounts of non-dispatchable 
renewable energy sources (RES), mainly wind and PV, allow reduction of the 
consumption share covered by fossil-fueled power plants, introducing a number of 
criticalities in power system planning and operation. Retrofitting programs of 
existing PV installations, in order to permit their continued connection to the system 
in cases of frequency disturbances, have been carried out particularly in Italy and 
Germanyτthe countries exhibiting the highest PV installed capacity. 

(2) High power flow exchange between areas affecting the stability of operation of the 
European power system is increasingly dependent on the stability of each of its 
areas, as disturbances may propagate over wide areas. 

(3) Deterministic frequency deviations from the setpoint, occurring around the change 
of the hour, recognized as a consequence of the market design, as generators 
change their scheduled output in steps every hour, implying a reduction of power 
reserves to face sudden power imbalances. 
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TRANSMISSION EXPANSION PLANNING  
Transmission planning and expansion are often connected efforts.  Several organizations 

ǇǊƻǾƛŘŜ ǾŀǊƛƻǳǎ ŜȄǇŜǊǘƛǎŜ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ŎƘŀƴƎƛƴƎ ŘŜƳŀƴŘǎ ƻƴ ŀ ƧǳǊƛǎŘƛŎǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 
system.  Understanding and identifying system solutions can be challenging.  Scenario analyses 
help inform these solutions and the optimization of the electric system to address various 
concerns, including but not limited to reliability, social impacts (e.g., cost and environment), 
and resource availability. 
 
Current Planning and Expansion in the United States 

Transmission planning in the U.S. identifies efficient and cost-effective transmission 
expansion options.  The need to accommodate variable energy resources into the grid in a 
coordinated and reliable way through cooperation lends itself to regional planning because of 
the large amounts of transmission infrastructure usually required for such projects.  The more 
that systems can work with other systems across seams in a holistic way, the whole North 
American grid will be more secure and stable.  One successful example is the previously 
mentioned Interconnection Wide Transmission Planning (IWTP) process through which the 
organizations are directed to develop 20-year transmission plans.  The IWTP process addresses 
prospective needs of the respective interconnections.   

Transmission planning may align along state and RTO/ISO boundaries, as in the case of 
the states of California and New York.  Transmission planning in the larger regional markets 
spanning multiple states is more complex and implicates both federal and state planning 
mechanisms.   

The DOE is supporting the development and maintenance of several different 
optimization tools, broadly referred to as the SuperOPF, along with the underlying MATPOWER 
package, an open-source power system simulation and optimization tool used widely in the 
power systems field, especially in academia.  The unifying themes running through the various 
SuperOPF-based tools include the simultaneous, explicit modeling of multiple system states, 
where each state has a full set of optimal power flow (OPF) variables, constraints and costs, a 
stochastic or weighted cost across the various states, and additional variables, costs and 
constraints that tie these states together. 

The introduction of electricity markets, together with increasing interregional trade and 
the integration of renewables, has made transmission expansion planning more complicated.  
Uncertainty about, for example, fuel prices, the location, amount and type of new generation, 
and electricity demand propogates through planning, expansion, and investment decisions. 

Transmission expansion in the U.S. is accomplished through a variety of mechanisms.  
Transmission expansion is a natural outgrowth of the transmission planning process.  The 
planning process may be seen as the analytical framework by which the actual physical 
expansion of the transmission network within a given grid system.  Analyzing the physical needs 
of the system requires considering a number of variables that affect the physical and 
technological makeup of the respective grid components.  Understanding and managing 
congestion is an integral component of transmission expansion. The DOE is required to conduct 
a triennial national electricity congestion study.   

Expansion decisions must keep the grid operating securely and reliably.  The ability to 
make decisions regarding actual expansion and build-out of generation and transmission 
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infrastructure needs lies with the asset owners.  While the RTO/ISO has planning authority, as 
noted above, states have authority over siting of transmission infrastructure.  Each RTO/ISO 
plays a role in the transmission planning and expansion in its respective service area.  The 
RTO/ISO engages in transmission expansion according to analysis of transmission needs and 
proposed changes to the transmission system as well as develops plans and forecasts for the 
ǊŜƎƛƻƴΩǎ ŦǳǘǳǊŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŜƴŜǊƎȅ ƴŜŜŘǎΦ  ¢ƘŜǎŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎ make expansion decisions 
according to the outcomes of their planning processes. 
 
Current Planning and Expansion in Europe 

The transmission expansion planning process is a complex task in which the network 
planners need to handle several uncertainties and risk situations.  In the past, before electricity 
market liberalization, in a centrally managed power system the vertically integrated operator 
could in general control the whole power system.  Now, in a liberalized environment, the TSO, 
responsible for transmission, shall plan the expansion of its network by minimizing transmission 
costs (investment and operation), overcome bottlenecks, and pursue maximum social welfare, 
when requested by specific regulation, while meeting static and dynamic technical constraints 
to ensure secure and economically efficient operation.  Socio-environmental constraints must 
also increasingly be taken into account in the planning process. 

Some important criticalities make the task of a TSO at the same time crucial and very 
delicate.  In fact, changes in future system conditions significantly affect benefits of 
transmission expansion.  Thus, evaluating a transmission project based only on assumptions of 
average future system conditions might greatly underestimate or overestimate the true benefit 
of the project and may lead to less than optimal decision making.  This can only be taken into 
account by using different scenarios.  Now, it is of paramount importance to consider socio-
environmental aspects for a more complete and systematic cost-benefit analysis.  In some 
cases, environmental constraints and social opposition have obliged the transmission planners 
to reshape the rank of the investigated alternatives. 

The European TSOs aim at two main objectives when planning the development of their 
grid:  (1) maximizing system reliability and security of supply and (2) fostering the market to 
allow an efficient use of generation, thereby minimizing the total costs for the system.  
European countries have various objectives with their transmission planning.  Features like the 
network planning timeframe, the utilization of deterministic and probabilistic criteria, also with 
consideration of market issues, are quantitatively and qualitatively compared for some 
European country systems. 

For what concerns cost benefit analyses and market value in the European planning 
practice, most TSOs, taking also into account the aspects of environmental safeguard, evaluate 
and rank from the techno-economic perspective several possible alternatives stemming from 
the planning analyses and whichτas a necessary pre-conditionτfulfill the priority target of 
realizing a secure transmission grid.  Given the high costs of investments and the long lifetime 
of the transmission assets, it is crucial to make the right decision at the right time.  However, 
the future evolution is uncertain, and public opposition tends to halt hardly any transmission 
expansion projects.  Comprehensive cost-benefit analysis, accounting for a wide range of 
benefits and costs, can also reduce the issue of public acceptance while identifying the projects 
ǘƘŀǘ ŀǊŜ ƻŦ άǊŜŀƭέ ǊŜƭŜǾŀƴŎŜ Ŧƻr the European energy policies. 
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As the availability of renewable electricity sources is continuously increasing, and new 

and variable generation sources are expected to be developed further away from major 
consumption sites, electricity must be transported over longer and longer distances and across 
national borders to be delivered where consumption needs arise.  A pan-European network is 
required to enable integration of TSOs and benefit from the different behaviors of consumption 
and generation to use, e.g., the wind energy from North-Western Europe, the solar energy from 
Southern Europe, and the biomass from Eastern Europe.   

¢ƻ ǘƘƛǎ ŀƛƳΣ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀƴ ƛƴƴƻǾŀǘƛǾŜ ά9ƭŜŎǘǊƛŎƛǘȅ IƛƎƘǿŀȅ {ȅǎǘŜƳέ Ƙŀǎ ōŜŜƴ 
introduced. To address these challenges, the e-Highway 2050 research project2 aims to develop 
foundations of a modular and robust expansion of the pan-European electricity highway system 
network capable of meeting future European needs (e.g., energy policy, integrating renewables, 
international electricity market, and security of supply). 
 
MARKET STRUCTURE AND OPERATIONS 

Electricity markets are designed and operated through a variety of mechanisms, often 
depending on how the electricity system is operated and managed. 
 
United States Electricity Markets 

In the U.S., electricity markets are highly complex.  There is no national electricity 
market, and a variety of types of planning and operational paradigms exist in different regions.  
There are five centralized electricity markets in the Eastern Interconnection, characterized by 
the existence of RTOs and ISOs, centrally cleared market prices, and various forward and real-
time market settlements.  The Western Interconnection has only one centralized market. 

Despite the range of institutional configurations, there is some consistency in 
jurisdictional issues.  States have jurisdiction over the rates charged for retail power and for 
siting of infrastructure, including transmission.  The FERC has jurisdiction over the rates charged 
for using a bulk transmission system in centralized markets and independently-owned utility 
territory.  Federal power marketing administrations (PMAs) are not subject to FERC jurisdiction 
because they are part of the DOE.  All FERC-jurisdictional utilities and transmission owners and 
operators are subject to open access requirements.  But, following open access rules does not 
necessarily mean implementing a centralized, formal electricity market. 

Regional centralized electricity market rules and operation are influenced by a variety of 
factors, including federal statutes, federal regulations, RTO/ISO guidance, stakeholder input, 
NERC reliability standards, and the forces of competitive markets.  Centralized electricity 
markets are designed and operated by the RTOs or ISOs, along with input from industry 
stakeholders, and are subject to FERC approval.  In general, the trade and transportation of 
wholesale electricity is regulated or governed by the federal government, while retail sale of 
electricity is regulated by state-level regulatory authorities.  The FERC approves transmission 

                                                      
2
 The e-Highway2050 project is supported by the EU Seventh Framework Programme and is aimed at developing a 

methodology to support the planning of the Pan-European Transmission Network, focusing on 2020 to 2050, to 
ensure the reliable delivery of renewable electricity and pan-European market integration.  
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tariffs, but states regulate consumer tariffs.  Four distinct types of markets that typically make 
up a centralized market are (1) capacity markets, (2) energy markets, (3) ancillary service 
markets, and (4) transmission capacity markets.  Outside of centralized markets, the firm 
transmission or transmission constraint market allows for open access of the transmission 
system.  The RTO or ISO is an important player in the electricity system in the U.S. because of 
their power to shape and operate markets across large portions of the country among a diverse 
set of fuel sources dealing with a variety of geographic and institutional issues.  While RTOs and 
ISOs are not legislative- or rule-making bodies, they implement legislation and rules such as the 
mandate for the open access transmission system. 
 
European Electricity Markets 

As far as the European electricity market is concerned, the European Council announced 
two ambitious targets in February 2011:  (1) completion of the internal energy market by 2014 
and (2) no member state electrically isolated from the rest of the EU by 2015.  The integration 
of different national electricity markets toward the European objective of a single internal 
energy market is clearly a benefit for the whole system, bringing more actors into the playing 
field, thus increasing cross-border competition and improving the social welfare of the coupled 
markets.   

Until now, the main impact studies and most noteworthy regulatory efforts have been 
focused on the integration of the national day-ahead market through the progressive 
enlargement of the market coupling.  It is important to notice that the integration of electricity 
markets closer to real-time, the most critical for the proper functioning of the system, is an 
important goal to achieve at a pan-European level.   

The European market is undergoing an integration process.  However, the way the 
process is implemented will definitely impact the efficiency of the resulting market and also the 
flexibility of grid operation.  The real challenges include the regulatory harmonization of both 
day-ahead and balancing markets, and the implementation from the methodological and 
information and communications technology standpoints.  In fact, the algorithmic and 
computational requirements posed by the integrated market problem accounting for all specific 
rules are very demanding.   
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2 Introduction  
 
The main objective of ISGAN Annex 6 is to establish a long-term vision for the 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƳŀǊǘŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎΦ ¢ƘŜ !ƴƴŜȄΩǎ ŜŦŦƻǊǘǎ Ŏƻƴǎƛǎǘ ƻŦ ƛƳǇǊƻǾƛƴƎ ƎŜƴŜǊŀƭ 
understanding of smart grid technologies applicable to or influencing system performance, 
transmission capacity, and operation practices; accelerating their development and 
deployment; and, promoting adoption of related enabling regulatory and government policies.  
Member countries include Austria, Belgium, France, India, Italy, Norway, South Africa, Sweden, 
and the United States (U.S.).  

Flexibility, visibility, and understanding of grid operations are important characteristics 
that enable deployment of technologies to develop a more modern, smarter electric grid 
system which can securely, reliably, and resiliently adapt to the panoply of challenges it is likely 
to encounter in the coming decades.  Such challenges will run the gamut from changes in load 
profiles, electricity resources, disruptions, and development.  Addressing these challenges and 
others requires a systematic and integrated approach that considers not only the enabling 
ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳǘ ŀƭǎƻ ǘƘŜ άǊǳƭŜǎ ƻŦ ŜƴƎŀƎŜƳŜƴǘέ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜƛǊ ŘŜǇƭƻȅƳŜƴǘΦ   

In the sections that follow, ǘƘƛǎ ŘƛǎŎǳǎǎƛƻƴ ǇŀǇŜǊ ŜȄŀƳƛƴŜǎ ǘƘŜ άǊǳƭŜǎ ƻŦ ŜƴƎŀƎŜƳŜƴǘέ 
for policies, regulations, and markets, providing an overview for the U.S. and Europe.  The rules 
include the laws and regulations that govern the electricity system, from generation to end 
user; the ǇƭŀƴƴƛƴƎΣ ƻǇŜǊŀǘƛƻƴΣ ŀƴŘ άƎǊƛŘ ƳŀƴŀƎŜƳŜƴǘέ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΤ ŀƴŘΣ ǘƘŜ 
policy, market, and regulatory approaches and challenges.   
 

2.1 United States 
The U.S. άƎǊƛŘέ ƛǎ ŀ highly complex and dynamic system, operating in connection with 

two additional sovereign countries, in and across the 48 contiguous U.S. states.  It comprises 
three electrically-independent networks (see Figure 
5) τthe Eastern, Western and Electric Reliability 
Council of Texas (ERCOT) Interconnectionsτthat are 
connected via direct current (DC) links, which are 
further divided into over 140 control areas 
responsible for balancing generation and 
consumption of electricity at all times.  The U.S. 
electricity system has no linear or singular operational 
or management structure.  Together, generation 
facilities, transmission lines, and the related 
technology infrastructure that accomplishes the delivery of electricity from generation facilities 
are referred to as the bulk power system.3  An additional level of delivery is accomplished at the 

                                                      
3
 Transmission is defined by North American Electric Reliability Corporation (NERC) as the wires and necessary 

support structures transmitting electricity at 100kV or greater; also according to NERC, the Bulk Power System or 

 

United States Grid 
¶ >350,000 miles of transmission 

lines at 138 kV or above 
¶ 140 control areas, >5,000,000 

miles of distribution lines 
transmitting at under 138 kV  

¶ >7,000 power plants  

¶ > 140,000,000 customers 

 
(see Figure 6) 
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distribution level where the power is delivered to residential, commercial, and most industrial 
customers.  The bulk power system is operated and managed through a network of federal, 
state and local entities, each charged with separate yet overlapping obligations and 
responsibilities related to planning and operating infrastructure and markets.  

 

 
Figure 5.  North American Electric Reliability Corporation (NERC) Regions across the North American 

interconnections 

 

 
Figure 6.  Transmission Lines (345kV-1,000kV) across the United States [1]  

Over the past few decades, portions of the U.S. electric system have undergone 
fundamental changes to the way electricity generation is planned, sited, and paid for. More 
recently, the industry has been focusing attention on how electricity delivery planning and 
investment may need to change in order to address technological as well as structural changes, 

                                                                                                                                                                           
Bulk Electric System (which for practical purposes are one and the same) does not include distribution systems, 
which operate at a much lower voltage.   
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such as a shift toward more transparency in planning processes and a perceived need to 
coordinate planning over larger areas.  Industry stakeholders, including regulators, anticipate 
continuing fundamental changes over the next decade as 
advances in technology allow for a greater utilization of 
localized electricity production and awareness of the need 
to reduce electricity-related carbon emissions increases in 
urgency.  The technologies, tools, and techniques that will 
facilitate this progression are generally deployed under the 
banner of advancing the overall smart grid vision, and 
include advanced metering infrastructure (AMI), demand-side management (DSM) and demand 
response, distribution automation, storage, distributed generation (DG), net metering, and 
synchrophasor measurement technologies (which provide real-time, dynamic grid status 
information between the actual electricity transmittal point and the grid control center).  

In the U.S., electricity markets and the electricity industry broadly have been undergoing 
major paradigm shifts over the past few decades. The introduction of open transmission access 
and restructured electricity markets in the 1990s has led to fundamental changes in ownership 
structures and planning and operational responsibilities. Since the 1990s, changes across 
ƳŀǊƪŜǘǎΣ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀƴŘ ǇƻƭƛŎƛŜǎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ άǎǇŀŎŜέ ƘŀǾŜ ŘǊƛǾŜƴ ǘƻǿŀǊŘǎ ƳƛƭŜǎǘƻƴŜǎ 
and influenced further policies and market changes (see Figure 7).  For instance, in restructured 
electricity markets, the entity in charge of planning the transmission system is not responsible 
for planning generation. At the same time the industry is adjusting to these changes, a number 
of local, regional and national issues have arisen as well:  historically low natural gas prices and 
abundant supply [2]; increased installation of DG, such as residential solar installation [3]; 
growing implementation of utility DSM programs [4]; and increasing amounts of variable 
energy resources.  All of this is playing out against a backdrop of increased concerns about 
reliability and resiliency of the system, as well as cyber- and national security concerns.  As we 
continue to move forward, projections of market, policy, and technology changes will continue 
to evolve to meet national, and even state, targets (see Figure 8).  One of the areas that the 
U.S. Department of Energy (DOE) is funding to help with grid modernization, including the 
integration of renewable, is energy storage.  The DOE has developed an Energy Storage 
Program Planning Document [5], which describes the market, policy and technology needs for 
energy storage to help enable grid modernization.  AŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ 5h9Ωǎ ŜƴŜǊƎȅ 
storage program is available on the DOE website. [6] 

Because of the national scope of these issues, regional planning and cooperation among 
all levels of government and interested stakeholders have been encouraged by federal entities, 
including the DOE and the Federal Energy Regulatory Commission (FERC). The increased 
communication among stakeholders has been a welcome shift for most in the industry. A 
recent example of this cooperative method is the 5h9Ωǎ ŦǳƴŘƛƴƎ ƻŦ ǘƘŜ LƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ²ƛŘŜ 
Transmission Planning (IWTP) process, which awarded five grants to organizations within the 
three major North American Interconnections to analyze how best to approach the planning 
and build out of the transmission system moving forward. As a part of the IWTP process, each 
of the interconnections is engaged in long-term studies to examine, among other things, 
electricity infrastructure needs.  

More robust coordination 
among U.S. stakeholders is 
underway to better understand 
the potential implications of 
new technologies, tools and 
techniques on the U.S. electric 
grid. 
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Grid Investment Drivers over Time
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Figure 7.  Historical grid investment drivers over time [7] 

Moving Forward: Targets & Direction 
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Figure 8.  Targets and direction moving forward in the grid space [7] 

This discussion paper will look at the various issues that have faced and continue to 
pose challenges to the electric system in the U.S., with an eye towards what policy, regulatory, 
and market solutions are being considered to address them.  It is important to recognize that 
the scope of this discussion paper will primarily cross the transmission and distribution areas of 
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the electric system while interfacing with generation and end users.  However, this discussion 
paper will not specifically address those efforts directed solely at generation or end users.  
Moreover, an essential element considered in this space (outlined in red, see Figure 9) is the 
overlay of institutional issues, such as policies, regulations, and markets, on transmission 
planning, operation, and expansion.  Distribution planning, operation, and expansion are 
generally under state authority and will not be discussed in detail. 

 

 
Figure 9.  The grid space encompasses conventional elements as well as their institutions  

and other drivers (e.g., markets, policies, regulations) [7] 

2.2 Europe  
Power transmission in Europe is characterized by a high degree of interconnections and 

inter-area power exchanges, congestion, volatility, and diversity of operating conditions.  The 
power system is subject to the thrust of pan-European market integration and the need to face 
the variability of renewables such as wind and solar from a system-wide approach, while 
guaranteeing reliability of supply.  Transmission system operators (TSOs), regulating authorities, 
state governments, and the European Union (EU) need proper coordination in order to set 
consistent ground rules and regulations for efficiently and reliably planning and operating the 
European grid consisting of five synchronous areas, 34 countries, and 41 TSOs.  

In the recent years, electric power systems have been experiencing profound 
transformations.  In the EU, issues concerning security of energy supply, electricity market 
restructuring and environmental constraints represent key drivers for new trends which may 
have significant impact on the design and the operation of the electric power system.  This is 
particularly true for the transmission system. 

As a matter of fact, the ongoing energy market liberalization process in Europe is leading 
to the development and operation of regional electricity markets, facilitating cross-border 
power transactions; the resulting steady increase of inter-area power exchanges is generally 
causing a higher amount of congestion affecting electricity transmission networks.  In addition, 
the restructuring of electricity systems, with the consequent separation (unbundling) of 
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generation and transmission functions and the competition within the generation sector, has 
introduced further uncertainties within current transmission planning processes. 

Moreover, and most critically, the European energy sector has been deeply changing as 
the EU member states decided in 2007 to lay down ambitious environmental targets to be 
achieved by 2020 [8]:  20% greenhouse gases emissions reduction (compared to the 1990 
level), 20% overall energy demand covered by renewable energy sources (RES) (it was 8.5% in 
2005), and 20% reduction in the global primary energy used (i.e., saving 13 % when compared 
to 2006 levels).  This is a first step towards a more profound decarbonization of the European 
electricity sector by 2050, with the ambitious goal to achieve greenhouse gases emissions 
reduction of 80%ς95% (compared to the 1990 level). [9] 

TƘŜ 9ǳǊƻǇŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘǎ ŀǊŜ ƻƴ ǘƘŜ ŎǊƛǘƛŎŀƭ ǇŀǘƘ ǘƻ ƳŜŜǘ ǘƘŜ 9¦Ωǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 
and energy policy objectives for 2020 and beyond.  In fact, this trend imposes new challenges 
particularly to the TSOs, who have to reliably integrate an increasing amount of variable RES 
power plants into the grid and cope with rapid and less predictable flow patterns, while keeping 
acceptable margins to guarantee security of supply and progressively removing all obstacles to 
the creation of a unified European energy market.  This is especially true for those systems that 
have to deal with fast growing RES penetration, as anticipated in order to meet their respective 
national 2020 targets.  To achieve this goal within a pan-European perspective, TSOs might also 
exploit possible back-up services provided by complementary resources (e.g., energy storage) 
remotely situated.  However, this can only be implemented at the expenses of a more intense 
utilization of already congested cross-border sections of the transmission grids. 

Further issues faced by transmission planners nowadays are related to social and 
environmental constraints to the building (and in some cases even refurbishment) of 
transmission infrastructures, within a background of aging European grid assets.  Looking at 
further developments of the European power system, it is also expected that the increased 
penetration of distributed energy resources and active demand will play a role in the power 
system and impact the upstream transmission.  Overall, the period when generation was 
considered as fully predictable and consumption fully stochastic is evolving to an era where 
generation becomes partially stochastic and, at the same time, the amount of controllable 
consumption rises. 

The combination of all these challenges requires a long and costly technical, market and 
regulatory re-engineering process of the European energy system.  
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3 Legislative and Regulatory Evolution  
 

In both the U.S. and Europe, there are many non-technical factors that drive or 
challenge the development of a smarter grid through deployment of technologies.  Additionally, 
the hierarchy of governments and cross-border organizations add complexity to the already 
diverse challenges that are present in each electric system.  Strategic measures taken by 
ŀǇǇǊƻǇǊƛŀǘŜ ŀǳǘƘƻǊƛǘƛŜǎ Ŏŀƴ ƘŜƭǇ ǘƻ ŘŜŦƛƴŜ ǘƘŜ άǊǳƭŜǎ ƻŦ ŜƴƎŀƎŜƳŜƴǘέ ǘƻ ōŜǘǘŜǊ ŜƴŀōƭŜ ŀŎƘƛŜǾƛƴƎ 
a smarter grid. 

 

3.1 United States  
The following sections provide a brief description of the legal foundations for U.S. 

electricity policy, which will serve as a foundation for discussion on the current state of 
transmission and distribution systems.  Traditionally, in the U.S., local electric utilities, 
municipalities, or cooperatives were granted a state-protected monopoly under the premise 
that insulation from competition was necessary to ensure reliable and cost-effective service.  
These state-ǇǊƻǘŜŎǘŜŘ ƳƻƴƻǇƻƭƛŜǎ ŜȄƛǎǘŜŘ ǇǳǊǎǳŀƴǘ ǘƻ ǘƘŜ άǊŜƎǳƭŀǘƻǊȅ ŎƻƳǇŀŎǘΣέ meaning that 
the state limited competition in the electricity industry by establishing strict barriers on entry 
into the market and allowed the company to earn a reasonable profit.  In exchange, the utility 
provided reliable electricity service at not more than just and reasonable rates.4  In the past two 
decades, this regulated paradigm is shifting toward one of deregulation and competition within 
markets.  

 

3.1.1 Regulatory Environment: Past and Present  
Beginning in the late 1980s and early 1990s, electricity regulators in some jurisdictions 

began experimenting with a deregulated market model. [1]  In certain jurisdictions, such as the 
Northeast, the competitive model became predominant. In other areas of the U.S., like parts of 
the West and much of the Southeast, the regulated, vertically integrated5 business model 
remained in place.  At that time, many industry analysts forecasted the rise in competitive 
markets and predicted the advantages of competition would continue to de-emphasize the 
central role the vertically integrated utility had played in the electricity market up to that point.  
At the same time, there are those who forecast that market deregulation and completion will 
ultimately not help consumers and the vertically integrated utility will remain impactful in 

                                                      
4
 άWǳǎǘ ŀƴŘ ǊŜŀǎƻƴŀōƭŜέ ƛǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ƎŜƴŜǊŀƭƭȅ ŀǇǇƭƛŜŘ ǘƻ ǊŀǘŜ-making decisions by state public utility 

commissions and the FERC in the United States. 
5
 A vertically integrated utility is one in which the same entity owns and operates the generation, transmission, and 

distribution assets, as well as other systems needed to deliver elecǘǊƛŎƛǘȅ ǘƻ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ŎǳǎǘƻƳŜǊǎΦ  As a result of 
the C9w/Ωǎ hǇŜƴ !ŎŎŜǎǎ ¢ǊŀƴǎƳƛǎǎƛƻƴ ¢ŀǊƛŦŦΣ ǊŜƭŀǘŜŘ ƻǊŘŜǊǎ directing a shift towards liberalizing access to 
transmission infrastructure, and state policies, many integrated utilities found it prudent to divest most or all of 
their transmission infrastructure.  Known as unbundling, the divestiture of generation and/or transmission assets 
can be either actual or virtual.   
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electricity markets. [2,3]  In fact, the unquestioned premise that the generation, transmission, 
and distribution of electricity, in order to operate 
effectively, must be protected by legal monopoly no 
longer has universal agreement.  For instance, 
transmission infrastructure owners must provide equal 
access to this infrastructure under regulated tariffs. [4]  
The same rules must apply to all players.  This 
requirement and others like it (which emanate from 
the FERC as explained in greater detail below) have 
influenced modern electricity regulation and related 
policies (both state and federal).   

 

3.1.2 Legislation and Federal Energy Regulatory Commission Orders  
In the U.S., two federal entities have primary legal and regulatory jurisdiction over the 

electricity industry:  Congress and the FERC.  Congressional legislation has evolved from merely 
creating licensing agencies and enabling basic regulatory regimes to a paradigm focused more 
on creating standards by which industries must abide and federal agencies must work to 
uphold.  The FERC has overseen a shift from a traditionally regulated industry, where monopoly 
companies are required to serve customers in exchange for a regulated rate of return, to an 
industry with increased competition.  FERC continues to refine the regulations that make this 
new paradigm effective and efficient. 

This section will present foundational laws and regulations relevant to U.S. energy 
policy, electricity industry ownership structures, and operational paradigms.6  While this section 
is not intended to present an exhaustive review of all laws and regulations that shaped the 
electricity landscape into its modern form, it is intended to provide the reader with enough 
background to fully appreciate the current legal and regulatory framework by which electricity 
transmission in the U.S. is planned, developed, and paid for.  Highlights and additional 
information on select statutes are provided in the Appendix Section 8.2. 

 
3.1.2.1 Key Energy Laws in the United States 

The Federal Power Act (FPA) is the oldest law governing the energy sector in the United 
States; it is still in effect.  Originally enacted in 1920 as the Federal Water Power Act, the FPA 
created the Federal Power Commission (which later became the FERC), to coordinate 
jurisdiction over hydropower which was ƻǊƛƎƛƴŀƭƭȅ ǳƴŘŜǊ ǘƘŜ ŀǳǎǇƛŎŜǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ǎǘŀǘŜΩǎ 
jurisdiction.  The Act was subsequently amended by a host of other energy-related legislation, 
including the Public Utility Holding Company Act (PUHCA), the Public Utility Regulatory Policies 
Act (PURPA), and the Energy Policy Acts of 1992 (EPAct 1992) and 2005 (EPAct 2005).  

The PUHCA was enacted to force the divestiture or to limit the scope of operations of 
large conglomerate public utility holding companies.  Prior to the PUHCA, complex corporate 

                                                      
6
 Also see Section 8.2 for summaries of selected laws and regulations affecting the electricity industry. 

Key Energy Laws in the United States 

¶ Federal Power Act 1920/1935 

¶ Public Utility Holding 
Company Act of 1935 

¶ Public Utility Regulatory 
Policies Act of 1978 

¶ Energy Policy Act of 1992 

¶ Energy Policy Act of 2005 

¶ Energy Independence and 
Security Act 2007 

¶ American Reinvestment and 
Recovery Act 2009 
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structures allowed extraordinary profits and rendered regulation very difficult to administer.  
The PUHCA was repealed by EPAct 2005 because subsequent legislation and changes in the 
structure of the markets, particularly the deregulation of natural gas, rendered it obsolete.7 

After the oil crisis of 1973, Congress reacted to calls for energy regulation reform, which 
resulted in the Department of Energy Organization Act of 1977.  This law created the DOE and 
transferred authorities of the Federal Power Commission to both the DOE and the FERC, an 
independent regulatory commission within DOE.  The DOE has a very broad mission to facilitate 
a robust energy economy.  It accomplishes this by providing technological, policy, and 
informational resources to states, the private sector, and other federal agencies across every 
facet of the energy production and delivery sectors.  The DOE often leads efforts to coordinate 
between industry, the federal government, and the myriad of regional and local regulatory and 
planning bodies on energy policy and regulatory matters.  

The PURPA is one of the earliest legislative precursors to electricity de-regulation. The 
goal of the PURPA was to encourage conservation of electricity and operational efficiency in 
generating units.  To this end, the PURPA required utilities to procure electricity from alternate 
sources, ŎŀƭƭŜŘ άǉǳŀƭƛŦȅƛƴƎ ŦŀŎƛƭƛǘƛŜǎ,έ at the avoided cost of electricity.8  By requiring utilities to 
accommodate power generated by third-parties on their transmission and distribution assets, 
compliance with the PURPA demonstrated that it was possible for the industry to unbundle 
generation from delivery.  The PURPA is still in effect.  

After the PURPA was enacted, the next significant piece of federal electricity legislation 
was the EPAct 1992.  This law required, among other things, that the FERC ensure that owners 
of transmission infrastructure provide equal access to all electricity providers.  The FERC 
operationalized open access via Order 888 and by creating the Open Access Transmission Tariff 
(OATT), discussed in greater detail below. 

The EPAct 1992 was followed by several implementing orders from the FERC, and 
superseded in part by the EPAct 2005.  The EPAct 2005 was a natural offshoot of the EPAct 
1992 and extended and amplified many policies set in place during previous years under the 
earlier act.  The focus of the legislation was largely aimed at providing federal financial support 
to renewable industries, namely wind, solar, and biofuels.  Yet, this legislation also extended 
key tax credits for the fossil industry.  While no provision of the bill specifically focused on 
electricity transmission initiatives, the EPAct 2005 extended key transmission investment-
related tax provisions established under the EPAct 1992.  The EPAct 2005 also authorized the 
FERC to certify a national electricity reliability organization, responsible for creating and 
enforcing mandatory reliability standards for the bulk power system.  In 2006, the FERC 

                                                      
7
 By 2005, many aspects of the law were superseded by other laws subsequently passed.  Additionally, the practice 

of using conglomerate public utility holding companies was no longer in vogue, or even feasible, under modern day 
energy regulation.  The FERC, however, retained the authority in EPAct 2005 to oversee transactions and other 
financial activities of public utility holding companies throuƎƘ ƎǊŀƴǘǎ ƻŦ ŀŎŎŜǎǎ ǘƻ ǘƘƻǎŜ ŎƻƳǇŀƴƛŜǎΩ ōƻƻƪǎ ŀƴŘ 
records. 
8
 PURPA addresses what it means to procure energy from alternative sources that are more efficient and 

economical.  The Act describes a άqualifying facilityέ as either a small generator with a renewable energy source or 
a cogeneration facility, which produces both electricity and useful thermal heat (see 
http://www.ferc.gov/industries/electric/gen-info/qual-fac/what-is.asp).  



 

ISGAN Annex 6, Task 1-2 Discussion Paper  Page 28 

 

certified the North American Electric Reliability Corporation (NERC) as the electric reliability 
organization to create and enforce reliability standards.   

More recently, the Energy Independence and Security Act of 2007 (EISA) and the 
American Reinvestment and Recovery Act of 2009 (ARRA) were enacted to confront the need to 
consolidate energy policy from several discrete pieces of legislation and to address 
insufficiencies in the energy policy landscape.  The EISA sought to incentivize the development 
and deployment of a renewable energy industry, in addition to addressing other important 
energy issues such as growing concern over reliance on foreign oil.  

The ARRA provided substantially increased federal funding for key tax provisions (chiefly 
for wind and solar) of the EPAct 2005 and was the foundation for a dramatic increase in the 
development and integration of variable energy into the grid.  Partly as a result, the planning 
and expansion of the transmission system to accommodate these resources has been a large 
part of the national conversation in energy infrastructure.  It is important to note that the ARRA 
ǿŀǎ ƴƻǘ ŀƴ άŜƴŜǊƎȅέ ƭŀǿ directly.  It did, however, create energy-focused programs, particularly 
the Section 1603 Treasury grant that provided up to a 30% cash credit to qualified renewable 
energy projects.  This law is still operative today and provides the enabling legal authority for 
much of the current financial support structure for national energy programs.   
 
3.1.2.2 Federal Energy Regulatory Commission Overview 

At the federal level, electricity transmission regulation is the purview of the FERC, 
primarily through issuance of orders.  The FERC has primary jurisdiction over the rates 
transmission providers can charge for use of their equipment, known as tariffs, and ensures 
these tariffs are just and reasonable.  FERC orders also have been used to make broader shifts 
in industry paradigms, such as by requiring open access of transmission equipment.  The FERC 
wields substantial power to shape national transmission policy.  For instance, the FERC has 
undertaken a series of orders to address some of the issues caused by increased renewable 
generation.  Even before the industry faced the challenge of integrating variable energy 
resources into the existing transmission system, the FERC sought to address flaws in how 
transmission rights were bought and sold and cost obligations were allocated in markets. This 
section discusses several significant orders that FERC has issued, which are organized around 
the following themes: how regions of the electricity system are managed, how electricity is 
traded, and how the system is operated and planned.9  

In 1999, the FERC issued Order 2000.  The order dealt with Regional Transmission 
Organization (RTO) formation.  Order 2000 established what it means to be an RTO10, and it 
created a regulatory environment that incentivizes or encourages membership in such an 
organization.  The FERC wanted large, wholly inclusive regional planning bodies.  Further, the 
FERC wanted the operation and planning of the transmission system to be formatted under an 
open architecture organization for transparency and consistency purposes.  Nevertheless, these 

                                                      
9
 Note that FERC orders are numbered (e.g., Order 1000), but that these numbers are not sequential or necessarily 

have other meaning.  A selection of FERC orders in chronological order is presented in Section 8.2. 
10

 FERC Order 2000 established minimum characteristics that an entity seeking recognition by the FERC must 
establish.  
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goals were not fully met as a result of significant pushback by several states and many utilities.  
Order 2000, however, was instrumental in creating a major shift in the way planning, operation, 
and management of the grid is accomplished.  

Order 888 was issued in April 1996.  The FERC, through creation of the OATT sought to 
ŜƭƛƳƛƴŀǘŜ άǳƴŘǳŜ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴέ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ǘǊŀƴǎƳƛǎǎƛƻƴΦ  According to the FERC, the goals 
of Order 888 are άǘƻ ǊŜƳƻǾŜ ƛƳǇŜŘƛƳŜƴǘǎ ǘƻ ŎƻƳǇŜǘƛǘƛƻƴ ƛƴ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ōǳƭƪ ǇƻǿŜǊ 
marketplace and to bring more efficient, lower cost power to the nation's electricity 
ŎƻƴǎǳƳŜǊǎΦέ [5]  To achieve these goals, the FERC required all public utilities that own or 
operate transmission infrastructure to have on file open access non- discriminatory 
transmission tariffs that contain minimum terms and conditions of non-discriminatory service.  
As a result of Order 888 and due to a more level playing field with increased access and the 
ǊŜƳƻǾŀƭ ƻŦ ǘƘŜ ǳǘƛƭƛǘƛŜǎΩ ability to charge themselves preferential rates for transmission 
transactions, many integrated utilities found it necessary to unbundle their transmission and 
generation services.  

There are two types of unbundling.  The first, άfunctional unbundling,έ occurs when an 
Ŝƴǘƛǘȅ ƻǿƴǎ ōƻǘƘ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ƎŜƴŜǊŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ άŦǳƴŎǘƛƻƴŀƭƭȅέ ǎŜǇŀǊŀǘŜǎ ǘhe 
transmission and generation operations into two distinct enterprises, yet retains the same 
parent ownership.  The second, άactual unbundling,έ means to divest transmission 
infrastructure and operate only generation, or divest generation and operate only transmission 
(although this is not common and it is the former that is what happens most often).  

Because these assets were constructed with a cost-recovery model in place that 
included no-longer-available rate structures, some formerly integrated utilities faced 
άǎǘǊŀƴŘŜŘέ ƻǊ ǳƴǊŜŎƻǾŜǊŀōƭŜ ŎƻǎǘǎΦ  As such, the concept of stranded costs plays an important 
role in the divestiture of the infrastructure.  To the extent that Order 888 led to stranded costs, 
utilities and asset owners sought to recover these expenses from ratepayers.  This is permitted 
so long as such costs are legitimate, verifiable, or prudently incurred.11 [6,7]  This reformation of 
the wholesale market helped give rise to stand-alone transmission companies, and enhanced 
the role of the local utility in administering the distribution system.12  

Building from Order 888, the FERC issued Order 890 in 2007.  Order 890 addresses 
primarily the potential for discrimination under the OATT.  The FERC required that utilities and 
transmission organizations (including RTOs and Independent System Operators (ISOs)) 
strengthen their OATT to eliminate the potential for undue discrimination when assigning the 
companies available transfer capacity (ATC).  According to the FERCΣ ά!¢/ ƛǎ ǘƘŜ ǘǊŀƴǎŦŜǊ 
capability reƳŀƛƴƛƴƎ ƻƴ ŀ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇǊƻǾƛŘŜǊΩǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳ ǘƘŀǘ ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ 
further commercial activity over and above already committed uses.  Transmission providers 
currently calculate the ATC for their systems using different assumptions and methodolƻƎƛŜǎΦέ 
[8]  The FERC found that the absence of consistent methodology increases the potential for 
discriminatory practices and, consequently, required consistent calculations, development of 
standards, and increased transparency in the calculation process.  Further, the FERC required 

                                                      
11

 ¢Ƙƛǎ ŀƭǎƻ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ŜŀǊƭƛŜǊ άƧǳǎǘ ŀƴŘ ǊŜŀǎƻƴŀōƭŜέ ŘƛǎŎǳǎǎƛƻƴΦ 
12

 The problem of stranded costs also arises in a competitive retail market where distribution companies must now 
compete for customers who have a choice in electricity provider.  
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transmission providers to demonstrate that ǘƘŜȅ ŜƴƎŀƎŜ ƛƴ άŎƻƻǊŘƛƴŀǘŜŘΣ ƻǇŜƴ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴǘ 
transmission planniƴƎΦέ [8]  

 

3.1.3 Current Regulatory Environment  
The overall regulatory framework for transmission planning and cost allocation (the 

question of who pays for what) is in a state of flux, influenced by the changing technological 
landscape.  Energy law has paralleled the evolution of environmental law, and shifts in societal 
prerogatives have influenced shifts in policy.  For example, the regulation of coal-fired power 
plants illustrates the need to mitigate carbon emissions, and the tax incentives for renewable 
resource development illustrate the need for sustainable and green sources of energy.   

Currently, the most formative and contested regulatory mechanism employed on the 
federal and regional level is FERC Order 1000.  Issued in 2011, Order 1000 builds from previous 
FERC orders culminating in two primary objectives:  1) ensuring that transmission planning 
processes at the regional level are non-discriminatory, efficient, and cost effective and 2) 
ensuring that transmission needs chosen via regional planning methods allocate costs fairly to 
those that receive benefits.  The two prongs of Order 1000 and its substantive effects operate 
across both the regional planning and market operation aspects of the electricity industry.  

As to the first prong of Order 1000, regional planning, each transmission provider is 
required to participate in a regional planning process to develop a regional transmission plan 
that complies with FERC Order 890.  As mentioned above, Order 890 mandates non-
discriminatory access to transmission infrastructure.  Expanding beyond just those transmission 
needs identified by the transmission asset owner, regional planning processes must provide all 
stakeholders the opportunity to provide input regarding public policy requirements.  Those 
players who might warrant input into the process 
include public and private utilities, public utility 
commissions (PUCs), generation owners, and 
consumer advocacy groups, among others.  During 
the planning process, transmission providers have an 
affirmative obligation to evaluate transmission 
alternatives that may be more efficient or cost 
effective, and to give those alternatives identified 
comparable consideration. 

To do this, transmission providers are 
required to achieve a specific set of objectives.  As  
such, they must first plan their systems.  This means they must develop robust and concrete 
long- and short-term plans that identify current and projected future needs of the system to 
meet demand.  They must do so in consultation with the stakeholders that rely on the system 
and on which the system relies.  This includes the identification of and compliance with public 
policies (including state public policies) to satisfy the interests of public and private 
stakeholders.  Importantly, Order 1000 does not require that plans produce legal commitments 
(e.g., commitments to invest in generation, transmission, and demand response or energy 
efficiency).  Order 1000 seeks to incentivize state regulators, regional market operators, and 
participants to implement the outcomes of the planning process.  

FERC Order 1000 has two primary 
objectives:  
1) ensuring that transmission planning 

processes at the regional level is non-
discriminatory, efficient, and cost 
effective 

2) ensuring that transmission needs 
chosen via regional planning 
methods allocate costs fairly to those 
that receive benefits. 
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The second prong of Order 1000 addresses the question of cost allocation.  Ensuring 
that the costs of transmission upgrades are allocated to those who receive the maximum 
benefit from them is essential, particularly in light of upgrades to service in urban areas from 
generation in more remote places.  In such cases, the question of how to spread the cost of 
these projects is important.  To this end, the FERC requires that the specific cost allocation 
method chosen for the particular project satisfies six regional cost allocation principles. [9]  
While the FERC does not mandate that any specific method be used, the following six principles 
must be satisfied: 

(1) The project allocates costs roughly commensurate with the benefits delivered 
therefrom.  

(2) Involuntary allocation of costs to non-beneficiaries is unacceptable, meaning those 
who will not benefit from the project do not have to pay. 

(3) Benefit-to-cost threshold ratio must not exclude projects with significant net 
benefits; for example, substantially increased pan-system reliability or resiliency is a 
legitimate net benefit. 

(4) Extra-ǊŜƎƛƻƴŀƭ Ŏƻǎǘ ŀƭƭƻŎŀǘƛƻƴ ƛǎ ƴƻǘ ŀŎŎŜǇǘŀōƭŜ ǳƴƭŜǎǎ ǘƘŜ άƻǳǘǎƛŘŜέ ǊŜƎƛƻƴ ŀƎǊŜŜǎ ǘƻ 
share the cost.  

(5) The cost allocation methodology and the intended beneficiaries must be 
άǘǊŀƴǎǇŀǊŜƴǘΦέ 

(6) Different allocation methods could apply to different types of transmission facilities; 
meaning that there is not a άƻƴŜ ǎƛȊŜ Ŧƛǘǎ ŀƭƭέ ƳŜǘƘƻŘƻƭƻƎȅΦ 

 
These principles apply to, and only to, a cost allocation method or methods for new regional 
transmission facilities.  As a result, these six principles do not apply to other new transmission 
facilities that are developed outside of a regional planning this process.  Therefore, a developer 
or individual entity is not foreclosed to voluntarily assume the costs of a new transmission 
facility. 

Significant legal issues and challenges have arisen in connection with regional planning 
and cost allocation outcomes under Order 1000.  Since the FERC issued Order 1000, states have 
been working to self-organize into qualified regions and submit plans to the FERC for review 
and approval.  The FERC has reviewed and directed revisions to several regional plans 
submitted during Fall 2012.  Despite this ongoing process, several legal questions remain, some 
of which are the subject of litigation. [10,11]  Such issues include whether the FERC can legally 
order the development and submission of these plans, given that the FERC is not a planning 
agency and that its authority in this space is generally limited to authorizing rates for 
transmission service and wholesale sales in interstate commerce.  

In June 2012, the FERC issued Order 764, an important order dealing with transmission 
dispatch and rate structure.  Order 764 mandated that transmission owners providing 
transmission service to variable energy resource generators update their transmission 
schedules, essentially matching their generating output to load requirements, at 15-minute 
intervals. [12]  The technology that allows such frequent reporting, and essentially seeks to 
better match demand to load, is a precursor to smart grid applications.  Availability and 
penetration of advanced technology (e.g., synchrophasors and smart meters) will continue to 
better facilitate an enhanced ability for an automated grid to tailor generation and transmission 



 

ISGAN Annex 6, Task 1-2 Discussion Paper  Page 32 

 

services to the needs of the end user.  The FERC will continue to be at the forefront of national 
electricity development, particularly as nascent technologies begin to emerge from the 
research and development stages into commercial deployment and utilities seek new and 
innovative ways to recoup investments in them.  Additionally, as states and regional entities 
(i.e., RTOs) seek new ways to structure markets so that utilities can continue to operate 
profitably and provide the services that society relies upon in the face of shrinking revenues (as 
a result of efficiency measures, consumer self-generation, etc.), increased state and federal 
cooperation will be necessitated.  

 

3.1.4 Relevant Organizations and Authorities  
The jurisdictional lines between federal and state regulatory authorities is not always 

clear.  As discussed above, the FERC is an important federal agency in creating and applying 
regulatory mechanisms and to this end is responsible for ensuring that interstate transmission 
rates are just and reasonable and not unduly preferential to a particular entity.  Yet, it cannot 
order utilities to make investments, cannot mandate generation or transmission be built, and 
cannot mandate particular methods of planning or cost allocation.  These functions are the sole 
province of the states.  While the federal government is an important player in planning and 
building energy infrastructure, and can be a driver of innovation, most of the regulatory 
innovation in energy policy happens at the state level.  

State PUCs are the primary regulatory bodies that control the energy industry within the 
borders of the state.  Fundamentally, PUCs are responsible for the retail rates of electricity 
(distribution level) and the siting of transmission projects.  States themselves (through the PUC) 
have significant power to dictate how the energy needs of the citizens will be met.  While the 
market is also a significant factor (money to be made from building electricity assets is a 
powerful force), state PUCs and the attendant political process is an important step to actually 
deploying assets within a particular state.   

For example, states may grant a utility an exclusive service territory, including control 
over facilities and services essential to consumers.  In return, the utility accepts an obligation to 
serve (this is the regulatory compact discussed above).  The state defines the ǳǘƛƭƛǘȅΩǎ obligation 
to serve, doing so in varying ways (e.g., determining the best mix of conventional, renewable, 
DG, demand response, and energy efficiency resources). Broadly, the sǘŀǘŜǎΩ ƻōƧŜŎǘƛǾŜǎ Ƴŀȅ ōŜ 
summarized as the need to diversify their resource bases from historic dependence on 
conventional generation owned by the local utility to a mix of regional, diverse resources.  
Contrast this with federal or FERC objectives, as evidenced by Order 1000.  The FERC wants to 
incentivize regional wholesale markets that are competitive, cost effective, and responsive to 
consumer needs. 

At the state level, one of the biggest game changers has been the development of state 
renewable portfolio standard (RPS) programs.  An RPS is a state-level legislative mandate that 
requires retail electric utilities to procure a designated amount of electricity or a designated 
percentage of electricity from qualified renewable energy resources, typically including a 
timeframe for compliance.  For example, the state of New York has a mandatory RPS of 29% by 
2015. [13]  The state of New Jersey mandates that 1100 MW must be generated from offshore 
wind by 2025. [14]  How each utility contributes to the overall state compliance goal will vary 
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by jurisdiction.  Currently, 29 states plus the District of Columbia have mandatory RPSs, with a 
number of others instituting non-binding RPS goals. [15]  RPS programs are primary drivers of 
the increased penetration of renewable energy generation in the U.S. within the last decade.   

To this end, RPS programs create a market for Renewable Energy/Electricity Credits 
(RECs).  ! w9/ ŜǉǳŀǘŜǎ ǘƻ ǘƘŜ άǊŜƴŜǿŀōƭŜƴŜǎǎέ ƻŦ ǘƘŜ ǇƻǿŜǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ƎŜƴŜǊŀǘƻǊ ŎǊŜŀǘŜǎΦ  
Generally, an owner of one MWh of electricity produced from a qualified renewable resource 
owns one REC.  This credit or certificate can then be sold in a national market.  Often, utilities 
will buy RECs from other jurisdictions to help satisfy their jursidictional RPS requirements.  
When a REC is sold, however, the generator of the MWh can no longer claim the άgreenέ 
attribute of the power.  When a generator (or a purchaser) wants ǘƻ ǊŜǘŀƛƴ ǘƘŜ άƎǊŜŜƴέ 
attribute of the renewable power, the REC must be retired, and no longer traded in the REC 
market.  

Additionally, many electricity markets operate within the structure of a RTO or ISO.  
RTOs, as noted above, άŀǊŜ ǾƻƭǳƴǘŀǊȅ ŀǎǎƻŎƛŀǘƛƻƴǎ ƻŦ ǳǘƛƭƛǘƛŜǎ ǘƘŀǘ ƻǿƴ ŜƭŜŎǘǊƛŎŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ 
lines interconnected to form a regional grid and that agree to delegate operational control of 
ǘƘŜ ƎǊƛŘ ǘƻ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴΦέ [11]  See Figure 5 for a map of these organizations in North 
America.  There are six major ISOs or RTOs within the United States:  ISO-New England (ISO-NE), 
New York-ISO (NYISO), Pennsylvania-New Jersey-Maryland Interconnection (PJM), 
Midcontinent-ISO (MISO),13 California-ISO (CAISO), and Southwest Power Pool (SPP).  RTOs and 
ISOs serve about two-thirds of U.S. electricity consumers. [16]  Entities that do not participate 
in an RTO or ISO (again, membership is voluntary) are accounted for under the NERC άǊŜƭƛŀōƛƭƛǘȅ 
ǊŜƎƛƻƴǎέ όsee Figure 5).   

ISOs were largely the result of Order 888 (the FERCΩǎ effort to standardize the national 
energy markets), which defined the characteristics of an ISO, predicated on FERC approval 
finding that the organization promoted competition within the wholesale electricity market and 
lessened barriers to entry.  L{hǎ άǇǊŜŘŀǘŜέ w¢hǎΣ ǿƘƛŎƘ ŀǊŜ ƭŀǊƎŜƭȅ ǘƘŜ ǊŜǎǳƭǘ ƻŦ hǊŘŜǊ нлллΣ ƛƴ 
which FERC sought to standardize the national electricity marketplace by defining quite 
specifically what it meant to be an RTO.  A patchwork of independently operated transmission 
systems with limited communications or oversight is not the optimal paradigm for ensuring the 
reliability of electricity.  The RTOs are essential in promoting competition in the wholesale 
electricity markets.  Importantly, the RTOs and ISOs do not own any infrastructure; yet, they 
play a significant role in overseeing the long-term planning for system operation needs by 
working closely with infrastructure owners and coordinating operation of the transmission 
system.  ISOs and RTOs engage in transmission services, such as operating the Open Access 
Same Time Information System (OASIS), which the FERC mandated with Order 888, as a 
mechanism to increase transparency of operatorsΩ open access procedures. 
 

                                                      
13

 Effective April 26, 2013, MISO amended its Certificate of Incorporation on file with the state of Delaware to 
reflect a change iƴ ƛǘǎ ƭŜƎŀƭ ƴŀƳŜ ǘƻ άaƛŘŎƻƴǘƛƴŜƴǘ LƴŘŜǇŜƴŘŜƴǘ {ȅǎǘŜƳ hǇŜǊŀǘƻǊΣ LƴŎΦέ   No other changes to 
MISO resulted from this change.  See the MISO website for more information:  
https://www.misoenergy.org/AboutUs/MediaCenter/pages/MediaCenter.aspx. 
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Figure 10.  Regional transmission organizations in North America [17] 

While two-ǘƘƛǊŘǎ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ Ŝƭectricity load is served by RTO and ISO regions, a large 
geographic portion of the country operates under more traditional market structures, including 
the Southeast and the West.  The Southeast electric market is a bilateral market that includes 
all or parts of 12 states and spans two NERC regions:  the Florida Reliability Coordinating 
Council (FRCC) and the Southeastern Electric Reliability Council (SERC).  Bilateral markets 
consist of contracts between power generating companies and load serving entities, which can 
be retail electric providers, municipally owned utilities, and cooperatives.  

The power markets in the West are also bilateral markets that include parts or all of 10 
states excluding most of California.  These markets include the Northwest Power Pool, the 
Rocky Mountain Power Area, and the Arizona, New Mexico, Southern-Nevada Power Area 
within the Western Electric Coordinating Council (WECC).  Throughout the West, there are 
many balancing authorities that operate independently, but some work together and have joint 
transmission planning and reserve sharing agreements. The balancing authorities are 
responsible for operating the transmission grid reliably, with duties including dispatching 
generation, procuring power, and maintaining adequate reserves. 

Moving from the regional level to the federal or national level, the DOE is not primarily a 
regulatory body.  Chiefly, the DOE is a technical agency whose mission is to άŜƴǎǳǊŜ !ƳŜǊƛŎŀΩǎ 
security and prosperity by addressing its energy, environmental and nuclear challenges 
through transformative science and technology solutionsΦέ [18]  The DOE provides technical 
expertise, mostly in research and development, to states and other regulatory bodies. [19,20]  
The DOE also acts as a conduit for federal financing of energy-related infrastructure projects.  
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Additionally, the DOE Office of Electricity Delivery and Energy Reliability (OE) 
administers an international permitting program for the export of domestically produced 
electricity, known as an export authorizations, [21] and a separate permitting program 
(Presidential permits) for the construction, operation, maintenance, or connection at the 
borders of the U.S. of facilities for the transmission of electric energy between the U.S. and a 
foreign country. [22]  In reviewing applications for export authorizations or Presidential 
permits, DOE considers the impacts of the proposed export or transmission project on 
electricity system reliability.  A table of relevant laws and processes for Canada, the U.S., and 
Mexico is provided in Appendix Section 8.2.3.  Furthermore, the EPAct 2005 tasks the DOE with 
developing mechanisms for and leading transmission project permitting coordination and 
implementation. [23]  5h9Ωǎ h9 ŀƭǎƻ ŘŜǾŜƭƻǇǎ ŀ ǘǊƛŜƴƴƛŀƭ National Congestion Study to inform 
the potential designation of National Interest Electric Transmission Corridors (National 
Corridors). [24]  

 
A National Corridor designation itself does not preempt state authority or any state actions.  The 
designation does not constitute a determination that transmission must, or even should, be 
built; it is not a proposal to build a transmission facility and it does not direct anyone to make a 
proposal to build additional transmission facilities.  Furthermore, a National Corridor is not a 
siting decision, nor does it dictate the route of a proposed transmission project.  The National 
Corridor designation serves to spotlight the congestion or constraint problems adversely 
affecting consumers in the area and under certain circumstances could provide FERC with 
limited siting authority pursuant to FPA § 216(b). [25]  

 
Electricity system infrastructure is often subject to regulation by agencies other than the 

DOE and the FERC.  For example, the Environmental Protection Agency (EPA) promulgates 
environmental regulations to protect human health and the environment. [26]  {ƻƳŜ ƻŦ 9t!Ωǎ 
air, water, and waste regulations impact the electricity industry, including several recent and 
pending regulations.14  While most environmental regulations directly affect generation 
infrastructure, such as the pending carbon emission standards for power plants, some EPA 
regulations can affect distribution and transmission.  

When federal agencies make decisions, such as for transmission facility permitting, they 
Ƴǳǎǘ ŎƻƴǎƛŘŜǊ ǘƘŜ ōǊƻŀŘŜǊ άŜƴǾƛǊƻƴƳŜƴǘŀƭέ ƛƳǇŀŎǘǎ ƻŦ ǘƘƻǎŜ ŘŜŎƛǎƛƻƴǎ ǇǊƛƻǊ ǘƻ ƛǎǎǳƛƴƎ ǘƘŜƳΦ  
For example, the National Environmental Policy Act of 1969 (NEPA) requires federal agencies 
undertaking a major federal action that could significantly affect the environment to evaluate 
the impacts of the federal action and to document (either through an environmental 
assessment or a more detailed environmental impact statement) the environmental impacts of 
and alternatives to the major federal action. [27]  Certain federal actions are excluded from the 

                                                      
14

 Some recent EPA regulations impacting the electricity include the Mercury and Air Toxics Standards Rule 
(finalized Dec 2011), the Cross State Air Pollution Rule (pending in the U.S. Supreme Court), the Coal Combustion 
Residuals Rule (pending EPA finalization), the Cooling Water Intake Structures rule under Clean Water Act Section 
316(b) (pending EPA finalization), and the Greenhouse Gas New Source Performance Standards (pending EPA 
proposal).  See www.epa.gov ŦƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ 9t!Ωǎ ǊŜƎǳƭŀǘƛƻƴǎΦ 
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NEPA review if they meet the criteria for approved categorical exclusions, e.g., export of 
electricity using existing facilities is not expected to have an environmental impact.   

Additionally, federal undertakings are also subject to review under Section 106 of the 
National Historic Preservation Act (NHPA), which requires federal agencies to review the 
historic and cultural resource impacts from the proposed federal undertaking.15  Federal 
permitting decisions, such as for transmission infrastructure, constitute major federal actions 
and federal undertakings under NEPA and Section 106, respectively.  Federal agencies must 
conclude their NEPA and Section 106 reviews before issuing decisions on proposed projects.  
However, neither NEPA nor Section 106 is the determining factor for a permitting ŀƎŜƴŎȅΩǎ 
decision; instead, they inform the permitting ŀƎŜƴŎȅΩǎ ŘŜŎƛǎƛƻƴǎ ŀƴŘ ŀƴȅ ŎƻƴŘƛǘƛƻƴǎ ǘƻ ǘƘŜ 
permitting ŀƎŜƴŎȅΩǎ ŘŜŎƛǎƛƻƴΦ 

Other laws and regulations may also be applicable to activities within the electricity 
system.  Those discussed above are examples chosen to illustrate how complex the process is, 
especially at the federal level, on electricity sector issues.  States may also have their own 
versions of NEPA and Section 106, among other regulations, which must be complied with for a 
project to gain state approval. 
 

3.2 Europe 

3.2.1 Toward Competitive Electricity Markets in Europe: A Historical Perspective  
The drive toward liberalizing energy markets in Europe, and specifically in the EU, forms 

part of a greater global process of liberalization and deregulation.  The objective in the EU is to 
establish the internal energy market, which should cover both the electricity and the natural 
gas industry sectors.  This forms part of the internal market process that was launched in 1986.  
To understand the developments and negotiations that took place at the EU level between 
1990 and 1996 to prepare the moves toward the first EU Directive16 on electricity market 
opening, it is important to recall three of the basic reasons for energy liberalization that fall 
within the political, economic, and legal frameworks. [28] 

                                                      
15

 The American Council for Historic Preservation (ACHP) provides an overview and resources for Section 106 
review:  http://www.achp.gov/work106.html. 
16

 An EU directive is the most important legislative instrument alongside the EU regulation.  It is issued by the 
European Council, more frequently jointly together with the European Parliament (under the co-decision path, 
depending on the field), generally upon proposal of European Commission.  A directive is binding on the member 
states in terms of objective to be achieved but leaves it to the national authorities to decide on how the agreed EU 
objective is to be incorporated into their domestic legal systems.  Its purpose is in fact twofold: securing the 
necessary uniformity of EU law and respecting the diversity of national traditions and structures.  What a directive 
primarily aims for is not the unification of the law, but its harmonization within EU.  On the contrary, a regulation 
targets the unification of law within EU.  The third category of EU legal acts is the one of decisions, which are the 
means normally available to the EU institutions to order that a measure be taken in an individual case (either a 
member state or an individual or undertaking).  Differently from directives, regulations and decisions, that 
constitute the binding EU legislation, a communication is a "soft legislation" instrument used by the European 
Commission to express its opinions and proposals to member states and other EU institutions, and to commit itself 
to take action to foster the therein objectives. A package normally groups different EU acts of a specific field. 



 

ISGAN Annex 6, Task 1-2 Discussion Paper  Page 37 

 

The political motives have been based on the liberalization trends (also in the energy 
sector) started in the 1970s and 1980s in different parts of the world and extended by the EU in 
the fields of electricity and gas, also considering the 9¦Ωǎ involvement and integration in global 
trade and the world economy.  This evolution has also aimed to achieve greater 
competitiveness for energy markets. 

The second reason for energy liberalization is economic, targeting the reduction of 
electricity prices; electricity bought in Europe is generally more expensive than in the U.S. or in 
other parts of the world.  More competitive market prices should contribute (in certain 
circumstances) to the reduction of costs for enterprises, and then to a greater competitiveness 
of European enterprises (energy-consuming industries) on the international markets.  At the 
same time, due to pressures from the market and from competition, energy-producing 
industries should also make themselves as efficient and competitive as possible.  This would 
result in better opportunities for European industries, ensuring that they create economic 
growth and employment. 

The third reason for energy liberalization in Europe is legal in nature.  The EU Treaty [29] 
defines the internal market as άan area without internal frontiers in which the free movement 
of goods, persons, services and capital is ensured in accordance with the provisions of the 
TreatyΦέ  The EU Treaty provisions imply that some forms of energy, like oil, gas, and electricity 
(electricity also to be considered as a good, as stated by the European Court of Justice), are 
subject to the general rules contained therein.  This forms the legal reason why the European 
Commission (EC), as guardian of the EU Treaty, had a duty to take action to complete the 
internal market, including the energy field. 
 At the beginning of 1990s, one of the main difficulties and challenges for opening 
competition in the electricity market across Europe was the wide variety of organizations and 
structures among utilities in Europe.  Some countries had a central electricity supply system, 
integrating generation, transmission, and distribution all in the same monopolistic, vertically 
integrated structure.  Other countries left electricity supply up to regional and even municipal 
utilities, with generation and transmission also in the hands of various participants.  The picture 
concerning ownership of generation, transmission, and distribution facilities was also very 
heterogeneous.  In some countries, plant and networks were publicly owned, in other ones 
private or mixed ownership prevailed.  In some countries, public authorities were strongly 
ƛƴǾƻƭǾŜŘ ƛƴ ŘŜŦƛƴƛƴƎ ŀƴŘ ǊŜƎǳƭŀǘƛƴƎ ƛǎǎǳŜǎ ƻŦ άtǳōƭƛŎ {ŜǊǾƛŎŜέ όǿƛǘƘ ŘƛŦŦŜǊŜƴŎŜǎ ŀŎǊƻǎǎ 9¦ 
member states).  

The EC recognized the variety of existing supply structures and the different starting 
points in terms of historical, cultural, legal, and economic conditions in the different countries. 

 When addressing this issue at the European level, the commission originally based its 
ideas for the establishment of the internal energy market on four general principles: a gradual 
approach to enable the industry to adjust to its new competitive environment; a degree of 
subsidiarity to enable member states to choose the system they feel fits their situation best; 
the avoidance of excessive regulation; and, a continuing political dialogue with all the 
institutions of the EU. 
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As a first step, in 1990 and 1991, the European Council of Ministers adopted two 
directives on electricity and gas transit and another directive on price transparency for gas and 
electricity price.17 

Clearly, the monopolistic utilities in Europe had no intention to open the energy market 
to other participants and tried to derail the liberalization process; in the beginning, with 
support of some political parties, they succeeded.  In 1992, the EC presented its first proposal 
for the internal market for electricity. It was based on the three main elements of the creation 
of a transparent and non-discriminatory system for granting production licenses:  the 
unbundling of management and accounting of the production, transmission and distribution 
functions of vertically integrated undertakings, and the introduction of limited third-party 
access to the transmission and distribution networks. 
 The theory behind third-party access is to enable producers and consumers to conclude 
contracts directly with each other, thus furthering the objectives of competition and 
competitive prices.  This access is important to encourage competition on both the consumersΩ 
and the ƎŜƴŜǊŀǘƻǊǎΩ side of the electricity market, by exposing both ends of the market to such 
pressures.  The original proposal contained a form of obligatory or regulated third-party access 
to electricity networks to facilitate such direct contractual relationships. 

In 1993, the EC amended its proposals after the European Parliament had asked for a 
large number of modifications.  As a major concession to those in Parliament who were 
concerned about the mandatory nature of the original third-party access concept, the EC 
replaced this by negotiated third-party access.  This means that producers and consumers will 
contract supplies directly with each other, but they will have to negotiate access to the network 
with its operator.  By means of a tendering or an authorization procedure, the proposal covered 
the procedures necessary for the construction of new production capacity. 

However, this new approach to third-party access failed to win over all the member 
states, and during negotiations in the European Council in 1994, the French Government put 
forward an alternative scheme for the third-party access concept, that of the single buyer.  
Stated schematically, this would mean a single entity being responsible for the management, 
security, and all electricity purchase and sale activities within a particular network, allowing for 
only limited open market to contract foreign or independent supplies.  The single buyer 
approach represents something very different to energy liberalization, in which the consumer 
market is opened to a limited degree only.  At the request of the European Council, the EC 
studied this French approach and concluded that it was incompatible with the EU Treaty and 
could not coexist with the ECΩǎ ƻǿƴ ƴŜƎƻǘƛŀǘŜŘ ŀŎŎŜǎǎ ŀǇǇǊƻŀŎƘΦ  However, as a compromise 
for finding a way out of the political deadlock in negotiations, the EC suggested modifying the 
so-called single buyer model in a number of areas to bring it in line with the EU Treaty and to 
ensure fair competition, full reciprocity and equivalent economic consequences as between the 
two models.  In 1995, the Spanish Presidency of the Council of Ministers presented a full 
compromise text for the electricity directive, including the option of a modified single-buyer 

                                                      
17 The two provisions for the electricity sector are:  the ά/ƻǳƴŎƛƭ 5ƛǊŜŎǘƛǾŜ флκоттκ9EC of 29 June 1990 concerning 
a Community procedure to improve the transparency of gas and electricity prices charged to industrial end-ǳǎŜǊǎ έ 
and the άCouncil Directive 90/547/EEC of 29 October 1990 on the transit of electricity through transmission gridsέΦ 
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model together with the existing option of third-party access, but it was not completely 
successful.  It became clear that disagreement persisted on one basic issue, namely the degree 
of market opening in the first phase of market liberalization, depending on the consumption 
threshold above which consumers would be eligible to take part in the first phase.  From the 
beginning of 1996, the Italian Presidency of the Council of Ministers tried to solve this final 
issue, with a proposal on market opening in a range between 20%ς40% of total electricity 
consumption, in which member states would be free to identify which customers would be 
eligible to participate and which would be supported by safeguard and transparency measures. 

At the meeting of the Energy Council in May 1996, all member states could agree to the 
structure and principles of this approach; however, they failed to reach agreement on the 
percentages, further progress in market opening, and duration of the necessary transition 
periods.  At a further extraordinary meeting of the Energy Council, held in Luxembourg in June 
1996, political agreement was finally found on the whole electricity directive and its terms were 
confirmed by the formal adoption of a άŎƻƳƳƻƴ Ǉƻǎƛǘƛƻƴέ by the Energy Council in July.  This 
was the result of many discussions since 1992 and reflected the broad degree of consensus and 
ŎƻƳǇǊƻƳƛǎŜ ŀǘ ƭŀǎǘ ŦƻǳƴŘ ōŜǘǿŜŜƴ ǘƘŜ 9¦Ωǎ ƳŜƳōŜǊ ǎǘŀǘŜǎ ŀƴŘ ōŜǘǿŜŜƴ ǘƘŜ 9¦Ωǎ ƛƴǎǘƛǘǳǘƛƻƴǎΦ  
In accordance with the ECΩǎ ƻǿƴ ƛƴǘŜƴǘƛƻƴǎΣ ǘƘŜ ŎƻƳǇǊƻƳƛǎŜ Ŏƻƴǎƛǎǘed not in creating one 
uniform system throughout Europe, but in providing for a measure of subsidiarity and flexibility 
for member states when applying these rules to their particular national situation, while at the 
same time avoiding excessive regulation.  This was reflected in the number of options and 
models member states can choose from in the first Directive concerning common rules of the 
internal market in electricity (adopted as 96/92/EC Directive on December 19, 1996). [30]  This 
Directive establishes common rules for the generation, transmission and distribution of 
electricity.  

In the final text, the following principles underlay the Directive: 

¶ Equivalence (free choice and combinations of options provided that they lead to 
equivalent economic results and to a directly comparable level of opening up 
markets and to a directly comparable degree of access to electricity markets) 

¶ Reciprocity (safeguard clause against unfair competition between unequal market 
systems) 

¶ Public service (member states may impose obligations upon electricity companies to 
meet requirements related to security of supply, regularity, quality, and price of 
supply and related to environmental protection) 

 
It must be highlighted that the first electricity market Directive, which played a crucial, 

significant role in the sector liberalization in Europe, was, however, insufficient to set the full 
conditions for an extended electricity market opening.  For this reason, it was then replaced 
and repealed by the second electricity market Directive (2003/54/EC) (which was in turn 
replaced by the third electricity market Directive 2009/72/EC), as described Section 3.2.2. 
 

3.2.2 EU Policy Overview  
The EU policy for the electric power industry aims at the three targets:  system 

competitiveness, environmental sustainability, and security of electricity supply.  The main 
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goals of the electricity marketsΩ liberalization and integration process consist in improving 
power supply services, lowering electricity prices, and, thus, increasing competitiveness of 
European (especially industrial) companies.  As discussed in Section 3.2.1, the EU legislation for 
the electric power industry is mostly based on the directives, regulations, and decisions of the 
European Parliament and of the Council, as well as on the national legislative provisions of the 
EU member states.  The EU directives have to be mandatorily implemented into the national 
legislations of all EU member states and establish only the most general principles to be applied 
to the power system industry regulation.  Detailed determination of regulatory methods and 
forms is left to the legislative and executive bodies of member states (see also Section 3.2.1). 

After replacing the first Directive 96/92/EC, the second Directive 2003/54/EC [31] played 
the most important role for the 9¦Ωǎ electric power industry since 2003, setting further 
common rules for the European electricity market.  Also, this Directive, like the first one, aimed 
at progressive market opening for competition, elimination of discrimination, and higher level 
of integration of electricity markets of member states. 

In accordance with the Directive, member states have been compelled to ensure 
equality of access of EU electricity companies to national consumers.  Technical rules 
establishing the minimum design and operational requirements for the connection of new 
facilities are to be objective and non-discriminatory.  The authorization procedures for new 
generating capacity should also satisfy objective, transparent, and non-discriminatory criteria.  
If, on the basis of the authorization procedure, the generating capacity being built is not 
sufficient to ensure security of supply, member states can launch tendering or other non-
discriminatory procedure for new generation or DSM.  Member states shall designate a body 
independent of electricity generation, transmission, distribution, and supply activities to be a 
regulatory authority responsible for the tendering procedure. 

The Directive has paid attention to customer protection.  To ensure that all household 
customers can receive electricity at reasonable prices, member states can appoint suppliers of 
last resort.  Distribution companies shall be obliged to connect customers to their grids under 
regulated terms and tariffs.  It is also important that member states ensure that any eligible 
customer has the possibility of changing power supplier and to make sure that customers can 
choose suppliers consciously (the suppliers are obliged to specify the contribution of each 
energy source to the overall fuel mix and their environmental impact).  Since July 1, 2007, all 
customers have been eligible.  

To provide security of power supply, member states must ensure the monitoring of 
supply security issues.  This can be done by regulatory authorities or by other entities.  This 
monitoring includes current and future supply/demand balance and quality of network 
maintenance.  Measures to cover peak demand and to deal with suppliers outages should also 
be monitored. 

Member states shall designate one or more TSOs, who are responsible for the following: 

¶ Expanding transmission systems:  transmission systems should be reasonably 
expanded to meet load demands increases and improve security of supply. 

¶ Operating the system:  TSOs manage energy flows in the system and ancillary 
services for secure, reliable, and efficient system operation. 

¶ Information communication:  other TSOs are provided with the necessary 
information to ensure efficient operation, development, and interoperability of the 
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interconnected system while system users being provided with the information for 
efficient access to the system. 

¶ Ensuring non-discrimination. 
 
If a TSO is part of a vertically integrated undertaking, it shall be independent of other 

activities not related to transmission.  Ownership separation of transmission assets from the 
undertaking is not necessary.  To ensure independence of the TSO with respect to the 
undertaking, the following criteria are applied: 

¶ Persons responsible for the TSO management may not participate in company 
structures dealing with generation, distribution and supply of electricity. 

¶ Appropriate measures should be taken to stimulate persons responsible for the TSO 
management to act independently. 

¶ The TSO shall have decision-making rights concerning assets necessary to operate, 
maintain and develop the network.  These rights should be independent of the 
integrated undertaking. 

¶ The TSO shall take measures to exclude discriminatory behavior. 
 

If TSOs are responsible for reserves or loss compensation, they shall procure the reserve 
capacity and energy according to transparent, non-discriminatory, and market-based 
procedures.  Only one kind of discrimination is officially allowed:  a member state may require 
its TSO to give priority to renewable energy or energy produced in combined cycle. 

Member states shall also designate one or more distribution system operators (DSOs) to 
create a secure, reliable, and efficient distribution system taking into account environmental 
issues.  DSOs must not discriminate between system users and shall provide customers with all 
necessary information for efficient access to the distribution system.  If a DSO is responsible for 
reserves or loss compensation, it shall procure the reserve capacity and energy according to 
transparent, non-discriminatory, and market-based procedures.  During dispatching, a priority 
can be given to renewable energy or energy produced in a combined cycle. 

If a DSO is part of a vertically integrated utility, it shall be independent of other utility 
departments at least in terms of its legal form, organization, and decision making.  Ownership 
separation of DSO assets from the vertically integrated company is not necessary.  To ensure 
the independence of the DSO, the same criteria ensuring TSO independence are applied.  One 
entity is allowed to combine TSO and DSO activities (a combined operator).  For a combined 
operator legal, organizational and decision-making unbundling is also applied without 
obligatory asset separation. 

For transmission and distribution systems, the principle of third-party access is 
implemented.  The essence of the principle is that any eligible customer can access networks 
without any discrimination.  The access is based on published regulated tariffs and technical 
rules that are applicable to all eligible system users.  The system operator can refuse access to 
the network only if there is no sufficient capacity. 

In addition to the third-party access principle, another regulatory regime is applied.  This 
is based on direct lines.  According to the Directive, member states shall ensure that all 
electricity producers and undertakings are able to supply their subsidiaries and eligible 
customers through direct lines.  All consumers should have a possibility to be supplied through 
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a direct line by a producer or supply undertaking.  The authorization criteria for the direct line 
construction should be objective and non-discriminatory.  The possibility to supply or to be 
supplied through a direct line should not affect the possibility of contracting electricity through 
the common grid.  Nevertheless, it is up to member states whether a certain direct line is 
authorized or not.  Authorization for a direct line can be refused if the line can obstruct public 
service obligations or customer protection provisions.  

According to the Directive, member states may decide not to apply the provisions 
concerning authorization and tendering for new capacity, third-party access, and direct lines, if 
their application would obstruct the performance of the obligations imposed on electric 
companies.  However, this is only possible as far as the development of trade is not significantly 
affected and in contrast with interests of the EU (including competition among eligible 
customers).  The directive also requires that each member state designates at least one 
regulatory authority, which is independent of the interests of the electricity industry.  These 
authorities are responsible for ensuring market and competition efficiency, non-discrimination 
and monitoring of some market elements, rules and mechanisms.  The regulators shall also be 
responsible for regulation of terms and conditions for connection and access to networks and 
the provision of balancing services. 

In September 2007, a new proposal on the common rules for the European electricity 
market was presented as part of the so-called EU Third Legislative Package18 [32] and in July 
2009 it became the third EU Directive on electricity market (Directive 2009/72/EC). [33]  This 
document, starting from the principles contained in the Directive 2003/54/EC brings new 
regulatory elements to the EU electric power industry.  The new Directive 2009/72/EC entered 
into force on September 3, 2009 and was implemented by all EU member states by March 3, 
2011, when the former Directive 2003/54/EC was repealed. 

The background of the new Directive is that legal and decision-making unbundling of 
transmission networks from other power system businesses was not sufficient since it did not 
prevent discrimination of market participants in favor of the vertically integrated undertakings.  
Therefore, it was suggested that ownership unbundling of transmission assets should be 
granted.  Member states must ensure that the same person cannot exercise control over a 
generation or supply company while having control over a TSO or over a transmission system.  
Vice versa, control over TSO or over a transmission system precludes the possibility of 
exercising any control over a generation or supply undertaking.  One person is allowed to hold 
interests in both a generation or supply undertaking and a TSO or a transmission company, but 
this shareholder should have no controlling or blocking rights in both undertakings and can 
neither be a member of a board nor appoint board members.  The new Directive also suggests 
an alternative option; instead of obligatory ownership unbundling, member states may force 
vertically integrated undertakings to transfer network management to an independent system 

                                                      
18

  The Third Legislative Package consists of two directives, one concerning common rules for the internal market in 
gas (2009/73/EC), one concerning common rules for the internal market in electricity (2009/72/EC) and three 
regulations, one on conditions for access to the natural gas transmission networks ((EC) No 715/2009), one on 
conditions for access to the network for cross-border exchange of electricity ((EC) No 714/2009) and one on the 
establishment of the Agency for the Cooperation of Energy Regulators ACER ((EC) No 713/2009).  They were 
adopted in July 2009. 
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operator (ISO) or an independent transmission operator (ITO).  ISOs/ITOs shall be completely 
independent of the vertically integrated company and perform all TSO functions. 

The new Directive states that the current legislation allows new infrastructure to be 
exempted from regulated third-party access for a predetermined period. This exemption 
regime is perceived to provide a positive possibility that can bring benefit to network 
development, security of supply, and competition.  Therefore, it is proposed to take measures 
to apply the exemption regime more widely. 

Towards the establishment of a more integrated and efficient electricity market in the 
EU, great attention is paid by the Third Package to the improvement of the cooperation 
mechanisms of regulating authorities.  This process has led to the creation of an Agency for the 
Cooperation of Energy Regulators (ACER), which aims to harmonize the regulatory mechanisms 
of electric power industries of different EU member states (as stated in the Regulation [EC] No. 
713/2009 establishing the ACER [34]).  The Agency provides a framework for cooperation of 
national regulators, monitors the cooperation between TSOs, makes regulatory decisions on 
some cross-border issues, and serve as an advisor for the EC concerning market regulation 
issues.  ACER has close cooperation with the European Network of Transmission System 
Operators for Electricity (ENTSO-E),19 the European TSO association founded in 2008 which 
embraces all previous TSO European organizations like the Union for the Co-ordination of 
Transmission of Electricity, Nordel, the United Kingdom Transmission System Operators 
Association, the Association of the Transmission System Operators of Ireland, the Baltic 
Transmission System Operators, and the European Transmission System Operators. [35]  (See 
also Sections 3.2.3 and 4.2.)  As far as the technical and market codes are concerned, the 
Agency is empowered to ask TSOs to modify their code drafts or to tackle more specific issues 
in detail.  It is also able to recommend that the EC makes these codes legally binding where 
voluntary implementation by TSOs seems to be insufficient or unsuitable for certain issues.  
ACER makes decisions concerning the regulatory regime to be applied to infrastructure assets 
connecting territories of two or more member states.   

In summary, the new agency acts as a supranational regulator with broad regulatory 
power in the European electric power industry.  In addition to the creation of ACER, the 
Regulation No. 713/2009 suggests more market regulation power for the national regulators.  
The national regulating authorities have the power to perform the following duties: 

¶ Monitor compliance of TSOs and DSOs with the third-party access rules, unbundling 
obligations, balancing mechanisms, managing congestion and interconnection 
management. 

¶ Review the investment plans of TSOs and provide an assessment of the extent to 
which the plans are consistent with the European-wide, long-term network 
development plan. 

¶ Monitor network security and reliability and review network security and reliability 
rules. 

¶ Monitor transparency obligations. 

                                                      
19

 ENTSO-E is in charge of drafting grid codes, pan-European development plans, R&D Roadmap, system adequacy 
reports. 
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¶ Monitor the level of market opening and competition and promote competition in 
cooperation with responsible authorities. 

¶ Ensure that consumer protection measures are effective. 
 
Also, national regulators have the power to receive any data concerning operational 

decisions of companies, which will be obliged to keep these records for five years.  The 
regulators are able to impose dissuasive sanctions. 

The national regulators should be completely independent of any public or private 
entity, even of governments.  For that purpose, it is proposed that regulatory authorities have 
legal personality, budgetary autonomy, appropriate human and financial resources, and 
independent management. 
 

3.2.3 Infrastruc ture Regulation Developments  
The central role of the transmission grid within the EU energy policy calls for a truly pan-

European approach to the planning and operation of the electricity infrastructures, especially 
for those having a significant cross-border impact.  The strategic importance of strengthening 
cross-border transmission networks in Europe has been remarked by different documents of 
the EC. [36, 37, 38, 39, 40]  

Concerning the development of new transmission infrastructure, the European TSOs 
have substantially kept a national scope so far.  However, this approach proved unable to 
provide a pan-European view and take into account the cross-border needs originated by 
complementary generation sources located in different European places.  To fill this gap, in 
2006, the EC issued the Trans-European Energy Networks (TEN-E) Guidelines document, 
featuring a list of infrastructure recognized as priority projects of European interest.  After a 
few years, this approach has led to the following limitations:  it is static, it was collected from 
the different TSOs from the bottom up, and it did not highlight the rapidly changing pan-
European priorities.  In addition, notwithstanding some improvements in unlocking some TEN-E 
priority projects of European interest due, for example, to the intervention of a European 
Coordinator, the situation for the completion of such projects stayed critical.  In fact, out of 32 
TEN-E priority projects of European interest, as of March 2010, only a small quota of them, 
16%, had been completed, and 29% of them identified as projects under construction, while the 
relevant share of 55% was still in the authorization and/or in the study or reconsideration 
phase. [41]  

In this frame, in order to overcome this critical situation, the EC issued two 
communications in November 2010.  The first one defined energy strategy priorities in Europe 
towards 2020 targets and called for a step change in the way energy infrastructures and 
networks in Europe are planned, constructed, and operated.  The second one, more specifically, 
set the creation of a pan-European methodological approach in prioritizing the projects of 
European interest as a key measure towards EU targets for 2020 and beyond.  In this direction, 
a crucial role is played by ENTSO-E which has to progressively implement the necessary 
transmission development evolution steps to address the EU requirements.  Although the 
creation of ENTSO-E was initiated by the adoption of the EU third legislative package on the gas 
and electricity markets, not all ENTSO-E members are within the EU.  
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An important contribution to this process was given by the first (pilot) ENTSO-E Ten-Year 
Network Development Plan (TYNDP) 2010ς2020 [42], issued in 2010, extended then in 2012 
[43], and to be updated every two years thereafter.20  Although the TYNDP is still obtained by 
means of a bottom-up data collection from the national TSOs, including internal system 
projects reflecting local (regional or national) grid issues and bottlenecks, a gradual change 
fostered by the EC in favor of a new top-down pan-European approach, especially for cross-
border impact projects investigation, has started in the recent years.  The TYNDP 2014, 
however, tries to overcome these drawbacks by a more in-depth consultation process and 
especially by focusing on a common cost benefit analysis methodology.  

 

 
Figure 11.  Countries participating in ENTSO-E [35] 

 

3.2.4 The EC 2010 Energy Infrastructure Package  
As mentioned, a completely new EU transmission infrastructure policy based on a 

European vision is necessary to deliver the energy networks that Europe needs in the next two 
decades.  This also means changing the current TEN-E practice, featured by predefined (and 
inflexible) project lists, towards a new pan-European approach.  The EU established the 
following steps in the so-called 2010 Energy Infrastructure Package issued by the EC in 
November 2010 (which was completed in October 2011 by a proposal for a new regulation [44] 
which has been amended and approved in April 2013 by the European Council and the 
European Parliament) and is currently in place (repealing the TEN-E instrument): 

                                                      
20

 The TYNDP 2014 package is expected to be in public consultation March-April 2014.  
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¶ Identification of the energy infrastructures leading towards a pan-European smart 
network (so-ŎŀƭƭŜŘ άǎǳǇŜǊƎǊƛŘέύΦ  

¶ Focus on a limited number of European 2020 priorities, where EU action can play a 
major role, to meet the long-term objectives. 

¶ Selection and frequent update of concrete projects necessary to implement the 
European priorities in a flexible manner so as to respond to changing market 
conditions and technology development within predefined priority corridors and 
areas. 

¶ Support of the implementation of European priority projects through new 
approaches and tools, aiming at fostering regional cooperation, streamlining 
permitting procedures, improving methods and information for decision makers and 
citizens, as well as applying innovative financial instruments. 

 
This infrastructure policy framework sets the creation of a pan-European approach to 

prioritize the projects of European interest based on an adequate Europe-wide transmission 
investment cost-benefit methodology as a key measure towards EU targets for 2020 and 
beyond. 

Four crucial priority corridors of the European power system are identified that will have 
to be more urgently developed and reinforced to ensure timely integration of renewable 
generation capacities in Northern and Southern Europe and foster further market integration 
(see also Figure 12):  

¶ Offshore grid in the North Seas and connection to Northern and Central Europe 

¶ Completion of the BEMIP (Baltic Energy Market Interconnection Plan)  

¶ Interconnections in South Western Europe  

¶ Connections in Central Eastern and South Eastern Europe 
 
In the electricity sector, in addition to these four priority corridors, smart grids 

deployment and electricity highways development across Europe have been also included as 
priority areas for infrastructure expansion towards 2020 and beyond. [39,44]  These highways, 
which can be thought as the axes of a potential pan-European supergrid [45], need to be built 
stepwise, ensuring progressive compatibility with the existing network, based on a modular 
development plan. [46] 

The realization of a potential pan-European supergrid, as mentioned above, is a complex 
process that can only be considered in a long-term perspective (after 2020), as there are still 
several techno-economic, technological, regulatory, market, and socio-environmental issues 
that will have to be properly handled and solved over the years.  Towards this goal, different 
stages for an incremental evolution from the current European grid are to be foreseen 
considering the needed progressive re-engineering process and the relevant paradigm shift 
with respect to the traditional approach to transmission system development and operation 
adopted so far in Europe. [47,48]  
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Figure 12.  Priority corridors in Europe [39] 
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4 Transmission Operation and Management  
 

4.1 United States 
Operating and managing the grid is a multi-layered, complex system-wide task.  Actual 

operation of the grid infrastructure does not happen unilaterally by a single entity or even 
similarly situated entities on a national level, but rather is accomplished across a wide variety of 
organizations, acting in concert across various functions.  It includes many players across many 
local, state, regional and federal entities.  Understanding the relationship these entities have to 
one another and to the transmission and distribution (T&D) system is integral to understanding 
the T&D system itself.  This section will examine these various entities and the functions they 
perform, beginning with the Ƴƻǎǘ άƴŀǘƛƻƴŀƭέ ƛƴ ǎŎƻǇŜ, and ending with the most localized. 
Additionally, this section is closely related to Section 5.1, which discusses U.S. transmission 
planning and expansion. 

At the highest level, the U.S. is connected by three distinct grids.  The Quebec 
Interconnection is the fourth interconnection comprising the North American grid. These 
systems operate almost entirely independent from one another, but there is limited flow of 
electricity across the seams of the interconnections.  High-voltage direct current (HVDC) 
transmission systems enable the transfer of power between the interconnections.  These 
systems require a rectifier to convert from one region's alternating current (AC) system to DC 
where HVDC lines then transmit to the next region where an inverter converts the DC back to 
AC in the new region.  Six DC ties connect the Western Interconnection with the Eastern 
Interconnection within the U.S., with one additional tie in Canada.  There is also an additional 
intertie between the ERCOT Interconnection and Mexico.  The ERCOT Interconnection is linked 
to the Eastern Interconnection by two DC interties. 

Within the interconnections, the transfer of electricity from one place to another 
happens across more regional boundaries, such as from one RTO to another, or from a region 
where there is no RTO or ISO to an area where the system is operated by such an organization, 
or vice versa.  Capacity at these seams is limited due to the ownership of physical 
infrastructure, membership of particular RTO/ISO entities, and different electricity policy 
structures of regions. [1]  Efficient control of the power flow across these seams is an essential 
component of managing the electric grid.  Generally, those organizations responsible for 
managing the power flow across the seams of the RTOs are those in the best position to 
understand the needs of the system.  

 

4.1.1 Operating and Oversight Organizations  
The U.S. transmission system is managed across a variety of industry standards and will 

vary according to jurisdiction.  The three interconnections, or macro-regional operating areas, 
comprising the U.S. grid system (the Eastern Interconnection, the Western Interconnection, and 
ERCOT Interconnection) are minimally connected but primarily operate as distinct systems, with 
key connection points existing along the seams, as noted above.  (See Figure 5, page 19.)  
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States and federal entities have jurisdiction over different aspects of planning and 
building new transmission lines and other bulk-power delivery equipment.  The differences 
essentially break down in the following way:  states have authority over physically siting new 
lines and developing rates for retail electricity; the FERC has authority over approving interstate 
transmission rates and cost recovery allocation for transmission projects.  Both state and 
federal regulators play a role in planning.  Thus, transmission planning differs from state to 
state and by region depending on both the structure of the market in that state or region and 
the requirements of the regulators in a particular state.  Where a project is wholly intrastate, 
certain planning mechanisms become less important, specifically the need to coordinate siting 
decisions between different states.  However, even for intra-state lines, the cost recovery and 
rate-setting is still overseen by the FERC.21  

Through the C9w/Ωǎ ǊƻƭŜ ƻŦ ŀǇǇǊƻǾƛƴƎ ǊŀǘŜǎ ŦƻǊ ǘǊŀƴǎƳƛǎsion lines, it has become more 
involved with transmission planning policy; a significant driver of rates is the physical system on 
which the electricity is traded and transported.  Thus, the string of orders approved by the 
FERC, including Orders 888 [2], 890 [3] and 1000 [4] (see Appendix Section 8.2.2) have 
increased regional requirements for system expansion planning.  These orders require that 
projects must be approved by a regional area prior to being sent to the FERC for review and 
approval.  The most recent action, Order 1000, requires open, transparent, and inclusive 
regional and inter-regional planning processes and development of regional cost allocation 
methodologies, among other requirements.   

Regional entities that are registered to perform planning authority functions22 still have 
control over the process, and this process differs from region to region. 23  For example, in a 
RTO/ISO market, the long-term reliability planning and reliability responsibility within the 
w¢hκL{hΩǎ ŦƻƻǘǇǊƛƴǘ ōƻǳƴŘŀǊƛŜǎ falls to the RTO/ISO, which is an independently operated entity 
comprised of utility and transmission asset owners.  Member entities usually include traditional 
investor owned utilities that remain vertically integrated, individual generator and transmission 
owners or operators, as well as municipal and cooperative utilities that operate on an 
unregulated basis.  Membership in an RTO/ISO is voluntary, but the independent organization 
does operate the bulk power system to ensure reliability and designs the market in which the 
power is provided.  Therefore, if the utility or generator was not a member of the ISO, such an 
entity would still be subject to its rates and reliability planning.  

In addition to the interconnections and RTOs/ISOs, there are also four federal power 
marketing administrations (PMAs) that play an important role in regional power delivery 

                                                      
21

 The exception is lines located in the ERCOT Interconnection, which is not FERC jurisdictional.  ERCOT does 
interconnect with other states, but has been exempted from federal oversight.  See the Midnight Connection Jared 
aΦ CƭŜƛǎƘŜǊΣ ά9w/h¢Ωǎ WǳǊƛǎŘƛŎǘƛƻƴŀƭ {ǘŀǘǳǎΥ ! [ŜƎŀƭ IƛǎǘƻǊȅ ŀƴŘ /ƻƴǘŜƳǇƻǊŀǊȅ !ǇǇǊŀƛǎŀƭΣέ ¢ŜȄŀǎ  
Journal of Oil, Gas and Energy Law, March 19, 2008. 
22

 The NERC Reliability Functional Model defines the set of functions that must be performed to ensure the 
reliability of the bulk electric system.  It also explains the relationship between and among the entities responsible 
for performing the tasks within each function.  Version 5 is available online: http://www.nerc.com/pa/Stand/ 
Functional%20Model%20Archive%201/Functional_Model_V5_Final_2009Dec1.pdf. 
23

 All bulk power system owners, operators, and users are required to register with NERC, with a monthly release 
of the Active Compliance Registry publicly posted to the web:  http://w ww.nerc.com/pa/comp/Registration%20 
and%20Certification%20DL/NERC_Compliance_Registry_Matrix_Excel20130930.xls. 
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systems, with a core functionality of generation, delivery (transmission), and helping ensure 
reliability of power derived from hydroelectric plants within the respective PMA areas of 
operations.  (See Figure 13).  Similarly, the Tennessee Valley Authority (TVA), a corporation 
owned by the U.S. government, provides electricity for nine million people in parts of Alabama, 
Georgia, Kentucky, Mississippi, North Carolina, Tennessee, and Virginia.  TVA sells electricity to 
155 local power companies and directly to industry and U.S. federal facilities. 

 
 

 
BPA ς Bonneville Power Administration; WAPA ς Western Area Power Administration;  

SWPA ς Southwestern Power Administration; SEPA ς Southeastern Power Administration;  
Corp ς U.S. Army Corps of Engineers; Reclamation ς U.S. Bureau of Reclamation;  

IBWC ς International Boundary and Water Commission 
Figure 13.  U.S. Power Marketing Administrations (PMAs) [5] 

NERC also facilitates 15 reliability coordinators among the eight NERC regional reliability 
entities (see Figure 14).  According to NERC, the reliability coordinator ensures that schedules of 
power delivery are being met. [6]  The reliability coordinator oversees the individual balancing 
authorities (see Figure 14).  Balancing authorities are άώǘϐƘŜ ǊŜǎǇƻƴǎƛōƭŜ Ŝƴǘƛǘȅ ǘƘŀǘ ƛƴǘŜƎǊŀǘŜǎ 
resource plans ahead of time, maintains load-interchange-generation balance within a 
balancing authority area and supports iƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ŦǊŜǉǳŜƴŎȅ ƛƴ ǊŜŀƭ ǘƛƳŜΦέ24  Balancing 
authorities Ƴŀȅ ōŜ ǘƘƻǳƎƘǘ ƻŦ ŀǎ ǘƘŜ άŦǊƻƴǘ ƭƛƴŜǎέ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘƛǎǇŀǘŎƘ ŀƴŘ ŜƴǎǳǊŜ ǊŜŀƭ-time 
reliability within the balancing authority area.   

 
 

                                                      
24

 άThe collection of generation, transmission, and loads within the metered boundaries of the balancing authority.  
The Balancing authority maintains load-ǊŜǎƻǳǊŎŜ ōŀƭŀƴŎŜ ǿƛǘƘƛƴ ǘƘƛǎ ŀǊŜŀΦέ See NERC Glossary of Terms. 






















































































































































