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Abstract: With the changing dynamics of electric grid systems adothe world, decision
makers ¢ both institutional and technologicaf are facing numerous new challenges to
operating, planning, and expanding their systemsNew technologies are challenging
conventional regulatory regimes and new policies and consumemands are similarly
challengingthe currently available technologies For example, as the demand folearer
energy sources gains ground all over the gldkehnological improvements are necessary to
integrate large amounts oWwariable energy sources gch as solar and wind int@arious
electricity systemswhile ensuring acceptable levels ogliability and security of the system.
Similarly, as consumers engage more with electricity systems, demand profiles and consumer
choice, among other demarside elements, are also challenging our system, providing
opportunities for demaneside management and related technologies. In this rapidly changing
landscape regulators and polieynakers mustconsiderhow consumer participation antew
technologiesnteractwith the market place.

This dscussiorpaper from ISGAN Annex 6 Power Transmission & Distribution SystensslTask
and 2 focuses on achieving flexible power delivery by examining the policies and regulations, as
well as expansion, planningnd market aalysis for the United States and Europe. This review

! Electricity systems integrate technologies, polices and markets across generation, transmission, distribution, and
end-users.



looks at how policies and regulations have changed to accommauatedevelopmentsn the
operation, planningand market areas of each grid system. Additionally, it highlights certain
efforts undert&ken to better understand and implemenihe policy and regulatorghanges in
these processes as both the United States and Europe work toveaiusvinga modernized

grid system, specifically including the increased deployment and use of smart grid tegiesolo
e.g., synchrophasor measurement technologies, net metering, distributed generation, energy
storage, advanced metering infrastructure.

About ISGAN Discussion PaperESGANdiscussionpapers are meant as input documents to
the global discussioabout 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 outconte advise
decisionmakers, rather to lay the ground work for further research and analysis.
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1 Executive Summary

THE HOLISTIC APPROACH TARSER ELECTRIC SYSTEMS

ISGAN Annex 6 is working to establish a@mnm vision for the development of
smarter electricity systems. Flexibility, visibjlayd understanding of grid operations are
important characteriststhat enable deployment of tectologies to develop a more modern,
smarter electric grid systemat can securely, reliabyand resiliently adapt to the panoply of
challenges its likely to encounter in the coming decades. This effort will improve general
understanding of smart grid technologies applicable to or influencing system performance,
transmission capacityndoperation practices; accelerataeir development and deplayent;
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 apprélaahconsders not only
0KS SylofAy3d (GSOKy2f23ASasx odzi |faz2 GKS aNdXzZ S
¢KSaS GNUHzZ Sa¢ AyOfdzRS GKS | gasystehRrodNBS 3 dz | GAZ2Y
generationtoenddzd SNJI G KS LI | yy MRA XY | FUWSINIYENAE S &L yWNRIZzOG BN
implementation; and, the policy, markednd regulatory approaches employed or considered to
enable achieving a smarter grids illustrated byFigurel> | ONR &da Fft St SYSyda
aLJ OS¢ 62dzift AYSR AY NBROSX Al Aa fta2 AYLRNILFY
operation as well as cosgtffective system planning and expansion.

Generation Transmission Distribution End Users
Cleaner and Accessing high quality Accommodating new end More efficient
more efficient sources of renewable user technologies (EV, DG, and smarter
bulk generation energy, minimizing wide smart loads, microgrids) loads,
technologies area disturbances, and and increased consumer distributed
addressing congestion participation generation, and
electric vehicles

Seamless connectivity:
two-way power flows and
increased data streams

Interface with
Bulk Generators

Interface with
End Users

Efficient, Reliable, and Secure System Operation

Cost-Effective System Planning and Expansion

Institutional issues and solutions must be considered in conjunction with
these technical challenges

Figurel. Grd 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 State@J.S)YA INA Ré A& | KAIKf & OaopeitsSm | YR
connection with Canada and Mexico (together comprising the North American grid). The U.S.
electric system comprises three electricaligependent networks the Eastern, Westerrand
Electric Reliability Council of Texas (ER@®arconnectiost that are connected via direct
current (DC) linkéseeFigure2). This system is further divided into over 140 control areas
responsible for balancing generationchnonsumption of electricity at all times. The U.S.
electric system has no linear or singular operational or management structure.

QUEBEC
INTERCONNECTION

NERC INTERCONNECTIONS

——————

d
R
p <
WESTERN , ~
INTERCONNECTION ~ L EASTERN
7 S INTERCONNECTION
7
e > ~
X
ERCOT ™,
INTERCONNECTION

Figure2. North American Electric Reliability Corporation (NERC) Regions across the Northoameri
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 199@ss 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 eauraged 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 DO#INded Interconnection Wide Transmission Planning process in which five
granteeorganizations within the three North American Interconnections in th& have
worked to analyze how best to approach the planning and baoiitlof their transmission
systems moving forward.

The European Electric System

Power transmission in Europe is cheterized 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 p&uropean market integration and the need to face
the variability of renewables such as wind and solar from a systede approach, while
guaranteeing reliability of supplyThe European grid comprises fsygchronous areas, 34
countries, and 41 transmission system operators (T&@sJFigure3).

ISGAN Annex 6, Task2IDiscussion PapeyExecutive Summary Page8
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RG Continental Europe
RG Mordic
RG Baltic

RG UK

RG Ireland

Figure3. Synchronous zones in Europe

In recent years, electric power systems have been experiencing profound
transformations. In the European Union (El83ues 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 particularltrue for the transmission system. Moreover, and most critically, the
European energy sector has been deeplgraling as the EU emberstates decided in 2007 to
lay downambitious environmental target® be achievedy 2020. Through these efforts, the
European electricgrids N 2y | ONRGAOFf LI K G2 YSSO GKS
objectives for 2020 and beyond.

Further issues faced by transmission planners nowadays are related to social and
environmental constraints to the building (amisome 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 periathen 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 challges requires a long and costly technical, market, and regulatory
re-engineering process of the European energy system.

REGULATORY AND POLICY ENVIRONMENTS

In both theU.S.and Europe, there are many na@echnical factors that drive or
challenge the develapent of a smarter grid through deployment of technologies. Additionally,

ISGAN Annex 6, TaskIDiscussion Papeay Executive Summary Paged



the hierarchy of governments and cralssrder organizations add complexity to the already
diverse challenges that are present in each electric system. Strategic measures taken by
apLINRP LINA F S | dziK2NRGASE OFy KSfLI G2 RSTFAYS
a smarter grid.

United States Regulations and Police®ast and Present

Traditionally, in theJ.S, local electric utilities, municipalities, or cooperativesrave
granted a stateprotected monopoly under the premise that insulation from competition was
necessary to ensure reliable and cestective service. Beginning in the late 1980s and early
1990s, electricity regulators in some jurisdictions began experiimgnmvith 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 feeral 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 interes
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 (PUCSs) are the primary regulatory bodies thatrgakie 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 enerngjrastructure, and can be a driver of
innovation, most of the regulatory innovation in energy policy happens at the state level.

In theU.S, two federal entities have primary legal and regulatory jurisdiction over the
electricity sector: Congress attte FERC. Congressional legislation has provided the legal
authority for federal agencies to regulate and/or support innovation within the electricity
sector. TheFERC, with jurisdiction over wholesale transmission rates (among other
authorities), has udertaken 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 elegstiem is
operated and planned.

The overall regulatory framework for transmission planning and cost allocation is in a
state offlux, influenced by the changing technological landscafigeFERC issued Order 1000
in 2011 building from previous FERC ordgewith two primary objectives: (1) ensuring that
transmission planning pcesses at the regional level arten-discriminatory, efficient, and cost
effective and (2) ensuring that transmission needs chosen via regional planning methods
allocate costs faly to those that receive benefits. Sinttee FERC issued Order 1000, states
have been working to setirganize into qualified regions and submit planshte FERC for
review and approval. Some legal issues and challenges have arisen in connectiegywitalr
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

ISGAN Annex 6, Task2IDiscussion PapeyExecutive Summary PagelO



RTOs/ISOs in the U.S. that serve aboutim A NRaA 2F (G KS O2udmfsi NBE Qa
Entities that do not participate in an RTO or ISO are accounted for under the North American

St S«

9f SOGNRO wWStAFOAfAGE [/ 2N1LIR2NIGA2Y O0b9w/ 0 AGNBf A

overseeing the longerm planning for system operatiomeeds 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), envonmental impact and historipreservation (e.g., for new transmission line
construction), endangered specjesd wetlands, to name some examples. Moreover, states
often have similar regulations that must be complied with to obtain proper state perrgiton
new generation and transmission projects. These additional constraints add another layer of
complexity to the planning and expansion of electric system infrastructure.

European Energy Poigs¢ Past and Present

European energy policy hasbeert a SR 2y GKNBS GLIAf I NERXE
generation from renewable energy and reducing@@issions (sustainability), guaranteeing
security of energy supply (security), and integrating the European electricity market
(competitiveness).In order toachieve these objectives, the transmission grid plays a central
role within EU energy policyin fact, a truly parEuropean approach is needed for the planning
and operation of electricity infrastructure, especially where a significant dvosger impat is
concerned. In 2006, the European Commission (EC) issued theElnapean Energy
Networks (TEME) Guidelines document featuring a list of infrastructures recognized as priority
projects of European interest. Notwithstanding soimgrovements in urdcking some TER
priority projects of European interest, the situation thie 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 defiremergy 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 irgoitizing 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 crucialnigicorridors of the
European power system we 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 Europegd (4) Connections in Central Eastern and
South Eastern Europe. In addition to these fpuority corridors, smart gridleployment and
electricity highway development across Europe have been included as priority areas for
infrastructure expansion towasl2020and beyond. The realization thatpotential pan
European supergrid is a complex procesicated thatcan only be considered in a lotgrm
perspective (after 2020), as there are still several teeboonomic, technological, regulatory,
market, and socieenvironmental issues that will have to be properly handled and solved over
the years.

ISGAN Annex 6, Task2IDiscussion PapeyExecutive Summary Pagell
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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 (primariCGhraend the
regulating bodies), the EC promoted the creation of Bugopean Network of Transmission
System Operators for Electricity (ENTBSQhe body of TSOs at the European letsN T SEE
comprisesAl TSOs from 34 countriesome of whiclare not partof the EU.

An important contribution to the identification of common development according to
EU objectives was given Ryetfirst (pilot) ENTSE& TerYear Network Development Plan
(TYNDP) 2012020, issued in 2010, extended then in 2042dto 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 thg.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 ndifered, complex systemwide task.
Operation of he 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, th& transmission systens managed across
a variety of industry standards that vary according to jurisdiction. State and federal entities
have jurisdiction over different aspeat$ 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 highedistribution systems,
electricity is at much lower voltagegdically, the network would include mediuwoltage (13
kV to 69 kVpower lines for commercial and industrial customers andHlmitage (less than
1 kV) power lines for residential customersddgggures).

Color Key: Substation

Black: Generation Step Down Subtransmission
Blue: Transmission Transformer oo Customer
Green: Distribution Transmission lines ‘F‘: 26kV and 69kV

765, 500, 345, 230, and 138 kV

b
. . -
Generating Station % [ F_|_|_ Primary Customer

E! L —reean 13kV and 4kV
lﬂ WA
— i
Generating Transmission Customer a a Seclt%ra(\ifary g%ﬁtg\rfner
an
ey 138kV or 230kV =]
Transformer

Figure4. Schematic of the @neration,transmission, andlistribution system in theU.S.
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At the federal level, NERC facilitatEsreliability coordinators among the eight NERC
regional reliability entities. Theeliability coordinator ensures that schedules of power delivery
are being met and oversees the individual balancing authoritiedanBing authorities are the
entities that integrate resource plans ahead of time, maintain loddrchangegeneration
balance within @alancingauthority area, and support interconnection frequency in réaie.
Coordination between RTOs/ISOs and theaus reliability areas and organizations constitutes
the majority of the power flown operating and managing theulk power system. However,
operating the electric system in tHé.Sis a complicated matter.

l'G GKS at 201t ¢ 0R arafindloaldistiibatignsyster8i@ St > (G KS
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 ablurring. Now, distribution systems entail or encompass
broader concepts such as distributed generatid@)and net metering.

European Electric System Operation

The major challenges of transmission system operation in Europe are due to the
extension @ the electricity market and to the integration of large amounts of renewables, in
particular wind and photovoltai(PV) andDG As security limits are tested, jurisdictional issues
may prevent optimal decisions from being implemented. For examplggetienology and
control strategies oDGinherently modify the dynamics of the powsystem, possibly causing
stability problems. Overall, increased T8&tibution system operatof¥SQ coordination is
needed,with changes on both the technical and regfiolry sides

However, the complexity of system behavisiincreasingasisthe need for intefTSO

coordination. Enhanced analysis tools to assess online the security of the whole system and
identify control actions are increasingly needed. ENEShs to support security of operation
by harmonization of operating rules and cooperation among TSOs. Following are some
highlights otthe emerging issues relevant tperation:

(1) Security implications of the penetration of growing amounts of «ispatchabé
renewable energy sources (RES), mainly wind and PV, allow reduction of the
consumption share covered by foskikled power plants, introducing a number of
criticalities in power system planning and operation. Retrofitting programs of
existing PV instaltions, in order tgpermit their continued connectioto the system
in case of frequency disturbances, have been carried out particularly in Italy and
Germany the countries exhibiting the highest PV installed capacity

(2) High power flow exchange between ameaffecting 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 aroundctenge
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
Transmissiomplanning and expansion are often connected efforts. Several organizations
LINE ARS Ol NA2dza SELISNIA&S (2 I RRNBaa (KS OKly
system. Understanding and identifying system solutions can be challenging. Scenagesanaly
help inform these solutions and thaptimization of the electrisystem to address various
concerns, including but not limited to reliability, social impacts (e.g., cost and environment),
and resource availability.

Current Planning and Expansion ingtUnited States

Transmission planning in theQJidentifies efficient and cosgffective transmission
expansion optionsThe need to accommodate variable energy resources into the grid in a
coordinated and reliable way through cooperation lends itselfemional planning because of
the large amounts of transmission infrastructure usually required for such projects. The more
that systems can work with other systems across searasolistic way, the whole North
American grid will be more secure and d@bOne successful example is the previously
mentioned Interconnection Wide Transmission Planning (IWTP) process through which the
organizations are directed to develop-28ar transmission plans. The IWTP process addresses
prospective needs of the resptve interconnections.

Transmission planning may align along state and RTO/ISO boundaries, as in the case of
the states ofCaliforniaandNew York. Transmission planning in the larger regional markets
spanning multiple statess more complex and imphtes 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 undeMAmgowER
package an opensource power systeniraulation and optimization tool used widely in the
power systems field, especially in academia. The unifying themes running through the various
SuperOPbased tools include the simultaneous, explicit modeling of multiple system states,
where each state haa 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, tether 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 demandnopogatesthrough planning, expansion, and investment decisions.

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

Expansion decisions must kedypetgrid operating securely and reliably. The ability to
make decisions regarding actual expansion and kuildof generation and transmission

ISGAN Annex 6, Task2IDiscussion PapeyExecutive Summary Pagel4



infrastructure needs lies with the asset owners. While the RTO/ISO has planning authority, as

noted above, stags 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 transmissiomdeeds a
proposed changes to the transmission system as well as develops plans and forecasts for the
NEIA2Y QA FdzidzNBE GNI yYyAYAAEA2Y mdkegeRparSignIibBidns Yy SSR a
according to the outcomes of their planning processes.

Current Plaming 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 centrallmanagel power system the vertically integrated operator
could in general control the whole power system. Now, in a liberalized enviraithenT SO,
responsible fotransmission, shall plan the expansion of its network by minimizing transmission
costs (investmet and operation), overcome bottlenecks, and pursue maximum social welfare,
when requested by specific regulation, while meeting static and dynasualmical constraints
to ensuresecure and economically efficient operation. Sesmyironmental constrairg 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
transmisgn 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. Thisntpabh® taken into
account by using different scenarios. Now, it is of paramount importance to consider socio
environmental aspects for a more complete aydtematic cosbenefit analysis In some
cases, environmental constraints and social oppositiorehabliged 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) fostegrmgarket 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 deternigtic and probabilistic criteria, also with
consideration of market issues, are quantitatively and qualitatively compared for some
European country systems.

For what concernsost benefit analyseand market value in the European planning
practice, most TSs, taking also into account the aspects of environtalesafeguard, evaluate
and rankfrom the techneeconomicperspectiveseveral possible alternatives stemming from
the planning analyses and whiclas a necessary pieonditiont fulfill the priority targetof
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 oppositimmds to halt hardly any transmission
expanson projects. Comprehensive cdstnefit analysisaccounting for a wide range of
benefits and costs, can also reduce the issue of public acceptance while identifying the projects
GKFGO FNB 27  atNSurbpgan Bderiydditief.0S T 2
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As theavailability ofrenewable electricity sourcds continuouslyincreasingand 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 arispan®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 Néfflestern Europe, the solar energy from
Southern Europe, and the biomass from EastEurope.

¢t2 GKA& FTAYX (GKS O2yOSLIi 2F Fy Ayy20lFGAQS
introduced. To address these challenges, tHeighway 2050 research projéaims to develop
foundations of a modular and robust expansion of the {ffamopearelectricity highway system
network capable of meeting future European needs (e.g., energy policy, integrating renewables,
internationalelectricity market, andsecurity ofsupply).

MARKET STRUCTURE AND OPERATIONS
Electricity markets are designed and opeatarough a variety of mechanisms, often
depending on how the electricity system is operated and managed.

United States Electricity Markets

In the US, 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 Interconnectioractieaized 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, thereasn& consistency in
jurisdictional issues. States have jurisdiction over the rates charged for retail power and for
siting of infrastructure, including transmissiomheFERC has jurisdiction over the rates charged
for using a bulk transmission systencentrdized markets and independentlywned utility
territory. Federalpower marketingadministrations(PMAS) are not subject to FERC jurisdiction
because they are padf the DOE. All FER@isdictional utilities and transmission owrseand
operators @e subject to penaccess requirements. But, followingen 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, ncluding 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 distryn
stakeholders, andre 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 statievel regulatory authoritis. TheFERC approves transmission

2The eHighway2050 project is supported by the EU Seventh Framework Programme and is aimed at developing a
methodology to support the planning of the R&European Transmission Network, focusing on 2020 to 2050, to
ensure the reliable delivery of renewabd¢ectricity and parEuropean market integration.
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tariffs, but states regulate consumer tariffsourdistinct types of markets that typicallyake

up a centralized market are (1agacity markets(2) energy markets(3) acillary service
markets and (4) transmission capacity marke@utside of centralized markets, the firm
transmission or transmission constraint market allowsdpen access of the transmission
system. The RTO or ISO is an important player in the electricity systemUr&because of
their power to shape and operate markets across large portions ofdli@try among a diverse
set of fuel sources dealing with a variety of geographiciaatitutional issues. While RTOs and
ISOs are not legislativer rule-making bodies,hey implement legislation and rules such as the
mandate for the open access transmission system.

European Electricity Markets

As far aghe Europearelectricity market is concernedhé European Council announced
two ambitious targets in February 201{t) completion of thenternal energymarket 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 singgenal
energy markets clearly a benefit for the whole system, bringing more actors into the playing
field, thus increasing crodsorder competition and improving the social welfare of the coupled
markets.

Until now, the main impact studies and most noteworthy regulatorpre$f have been
focused on the integration of the national dayead market through the progressive
enlargement of the market coupling. It is important to notice that the integration of electricity
markets closer to redime, the most critical for the prper functioning of the system, is an
important goal to achieve at a paBuropean level.

The European market is undergoing an integration process. However, the way the
process is implemented will definitely impact the efficiency of the resulting markeiiso 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,fda 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 dSGANANNnex 6 is to establish a lotgrm vision for the
RSOSt2LIYSyd 2F aYINISNI St SOGNROAGE aeaidiSvyao ¢
understanding of smart grid technologiapplicable to or influencing system performance,
transmission capacityndoperation practices; accelerating their development and
deployment; angdpromoting adoption of related enabling regulatory and government policies.
Member countries include Auséj Belgium, France, India, Italy, Norway, South Africa, Sweden,
and the United State@J.S.)

Flexibility, visibilityand understanding of grid operations are important characteristics
that enable deployment of technologies to develop a more modern, senalectric grid
system which can securely, relialdyd resiliently adapt to the panoply of challengess likely
to encounter in the coming decades. Such challenges will run the gamut from changes in load
profiles, electricity resources, disruptiorend development. Addressing these challenges and
others requires a systematic and integrated appro#wit considers not only the enabling
0§SOKy2t23ASax odzi faz2z (GKS aNdHz Sa 2F Sy3l 3

In the sections thatfollowj KA & RA&aOdzaaAz2y LI LISNI SEIl YAY
for policies, regulations, and marketzroviding aroverview for theU.S.andEurope. The rules
include the lavg and regulations that govern the electricity system, from generation to end
user;theLJt I YYAY3IZ 2LISNI GA2YZ FYR GaANAR YIyYylF3aSYSyi:
policy, marketand regulatory approaches and challenges.

Sys§
Sa

2.1 United States
TheU.S.a 3 N Righly &oinpléx and dynamic system, operatimgonnection with
two additionalsovereign countries, in andeoss the 48 contiguous U.S. states. It comprises
three electricallyindependent networks (seEigure
5) 1 the Eastern, Western anflectric Reliability

United States Grid
1 >350,000 miles of transmission

Council of Texas (ERC@igrconnections that are lines at 135V or above
connected via direct current (DC) links, which are 1 140 control areas>5,000,000
further divided into over 140 control ass miles of distribution lines

transmitting at under 13&V
1 >7,000 power plants
1 >140,000,000 customers

responsible for balancing generation and
consumption of electricity at all times. The U.S.
electricity systenmhas no linear or singular operationa
or management structureTogeher, generation (seeFigureb)
facilities,transmission linesand the related
technolog infrastructure that accomplishes the delivery of electricity from generdiaiiities
arereferred toasthe bulk power system An additional level of delivery is accomplished at the

® Transmission is defined North American Electric Reliability Corporation (NER®Ghe wires and necessary
support structures transmitting electricity at 100kV or great@so according to NERGetBuk Power System or
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distribution level where the power is delivered to residential, coencial and most industrial
customers. Thebulk power systenis 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-astructure and markets.

QUEBEC
INTERCONNECTION

NERC INTERCONNECTIONS

WESTERN 7
INTERCONNECTION ~ ~ EASTERN
7 S o INTERCONNECTION
’
s ~
ERCOT N
INTERCONNECTION

Figure5. North American Electric Reliability Corporation (NERC) Regions across the North American
interconnections

EXISTING LINES =
345-499 kV < > N

“v 500-699 kV

A 700-799 KV

“¢ 1,000 kV (DC)

Figure6. Transmission Lines (345kM000KV) across th&nited Stateq1]

Over the pastew decadses, portions ofthe U.S. electricystem hae undergone
fundamental changes to the waglectricity generation is planned, site@ind 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 plisugnprocesses and a perceived need to
coordinate planning over largareas. Industrystakeholdersincludingregulators anticipate
continuing.fundamental changes over the .n.ext.decade & More robust coordination
advances in technology allow fogaeater utilization of amongU.S stakeholders is
localizedelectricity production and awareness of the nee( underway to better understand
to reduce electricityrelated carbon emissions increases iif the potential implications of
urgency. Thetechnologies, toolsand techniqueshat will | NeW technolgies, tools and
. . ; technigues on th&.S electric

facilitate this progressioare generally deployed under the grid.
banner of advancing theverall smart grid vision, and
include advanced metering infraiacture (AM), demandside managementDSM)anddemand
responsedistribution automation, storage, distributed generatigpG) net metering, and
synchrophasor measurement technologies (whicbviide readtime, dynamic grid status
information betweenthe actual electricity transmittal point and the grid control center)

In the US, electricitymarketsand 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
structuresand planning and operational responsibilities. Since the 1990s, changes across
YFEN] SGax SOKy2ft23ASax FyR LRtAOASa Ay (KS St
and influenced further policies and market changes @Sgire7). 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 intlyds adjusting to these changes, a number
of local, regional and national issues have arisen as well: historicallyakowmal gagprices and
abundant supply2]; increased installation dG such as residential solar installatif3j;
growing implemetation of utility DSMprogramg[4]; and increasing amounts of variable
energy resourcesAll of this is playing out against a backdrop of increased concerns about
reliability and resiliency of the system, as well as cylaad nationalkecurity concernsAs we
continue to move forward, projections of market, polieyd technology changes will continue
to evolve to meet national, and even state, targets (Bagure8). One of the areas that the
U.S. Department of Energy (DOE) is funding to help with grid moderniziaituding the
integration ofrenewable,is energy storage. The DO&s developedn Eergy Storage
Program Planning Documeft], which describes the market, policy and technology needs for
energy storage to help enable grid modernizatiddR RA G A 2y £ Ay F2NXIF GA2Yy |
storage program is available on the DOE webdie. [

Becawse of the national scope of these issues, regional planning and coopeeaaiong
all levels of government and interested stakeholders have been encouraged by federal entities,
includingthe DOE andhe Federal Energy Regulatory CommisskERY The inceased
communication among stakeholders has been a welcome shift for most in the industry. A
recentexampleof this cooperative method he5 h 9 Q& Fdzy RAy3 2F (GKS Ly
Transmission Plannif®VTP)rocess, which awarded five grants to orgaations within the
three major North American Interconnections to analyze how best to approach the planning
and build out of the transmission system wiag forward. As a part of the IWPlRocess, each
of the interconnections isngaged ifongterm studiesto examine among other things,
electricityinfrastructure needs.
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Grid Investment Drivers over Time

1990s 2005 2007 2009
I N S R

EPAct992 State RPSs  EPAc2005 EISA 2007 Order 890 O
Order 888 ARRA Order 755
Order 889 EPA Utility Sector Regulations
PTC ITC

Policies

Generatiorfocused

Transmission for Reliability PMUs
Energy Storage Smart Grid Demos Ré@ime Data
Cyber Awareness Power Electronicdlathematics for Complex System

RTO/ISOs Federal Smart Regional Transmission  Regional
Grid Task Force Planning & Cost Allg

Technologies

Transmission
Investment slows Regional Interdependence InterdWiteettammission Planning

Markets &
Operations

Separation ERO

CIHEEAr; established; R Coorinated
creapon of Northeast mandatory investmenlt' Iagllmin :
e Blackout reliability interconnection ’ cost g
operators SRS .
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Figure?. Historicalgrid investmentdrivers overtime [7]

Moving Forward: Targets & Direction

2020 2025 2030

Federal/State Partnerships Enhanced Public/Private Partnerships Public/Private Partnerships Effective & Global
Regional Plans Begin Execution, Reviewed on a Regular Basis
EPA Utility Sector Regulations

Components Resilient System
Smart Meters/DR Distributed Generation Expansion
PHEV charging stations DC Cableg Offshore Renewables AC/DC hybrid system
Substation Automation SelfHealing Distribution System

Static Load Growth Expanded Load Growth Regional Transmission Expansion
Increased Asset Utilization Dynamic System Control Nodes within Control Areas increasé@
Cyber monitoring Expanded Visibility Increased potential for cyber vulnerability
100% customer participation and choice

Policies

)
QL
=3
=
o
=
<
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(2]
=

Markets &
Operations

26M smart

1 million EV
meters
30% energy GHG 17% 80% clean
s 1n(3:$10ro storage cost reduction energy
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phasors

Figure8. Targets and direction mang forward in the grid spacg7]

Thisdiscussiorpaper will look at the various issues that have faced and continue to
pose challenges to thelectric systenin the US, with an eye towards what policyegulatory,
andmarketsolutions arebeing consideredio address them. It is important to recognize that
the scope of thisliscussiorpaper will primarily cross the transmission and distribution areas of
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the electricsystemwhile interfacing with generation and end userslowever, thigliscussion
paper will not specifically address those efforts directed solely at generation or end users.
Moreover, an essential element considered in this space (outlined in redigaee9) is the
overlay of institutional issues, such as policies, regulatiand markets, on transmission
planning, operation, and expansion. Distribution planning, operation, and expaas&on
generally under statewthority and will not be discussed in detail.

Generation Transmission Distribution End Users
Cleaner and Accessing high quality Accommodating new end More efficient
more efficient sources of renewable user technologies (EV, DG, and smarter
bulk generation energy, minimizing wide smart loads, microgrids) loads,
technologies area disturbances, and and increased consumer distributed
addressing congestion participation generation, and
electric vehicles

Seamless connectivity:
two-way power flows and
increased data streams

Interface with
Bulk Generators

Interface with
End Users

Efficient, Reliable, and Secure System Operation

Cost-Effective System Planning and Expansion

| I |
Institutional issues and solutions must be considered in conjunction with
these technical challenges

Figure9. The gid space encompags conventional elements as well as their institutions
and other drivers (e.g., markets, policies, regulatiori3)

2.2 Europe

Power transmission in EuropedBaracterzed by a high degree of interconnections and
inter-areapower exchangessongestionyolatility, and diversityof operating conditions.The
power systemis subject tahe thrust of panEuropean market integration and the need to face
the variability of renewables such as wind and solar from a syst&ta approachwhile
guaranteeing reliability ofugpply. Transmissiosystem operatorgT SO} regulatingauthorities,
stategovernmentsand the European UniofEU)needproper coordinaion in order to set
consistent groundules and regulation®or efficiently andreliablyplanning and operating the
Euopean grid consisting of five synchronous areas, 34 counaies$ 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 systaig.is
particularly true for the transmission system.

As a matter of fact, the ongoirgnergy marketiberalization process in Europe is leading
to the development and operation of regional electricity markets, facilitating ebosder
power transactions; the resulting steady increase of irge¥a power exchanges is generally
causing a lgher amount of congestion affecting electricity transmission netwolksaddition,
the restructuring of electricity systems, with the consequent separation (unbundling) of

ISGAN Annex 6, Task2Discussion Paper Page22



generation and transmission functions and the competition within the generatiotosehas
introduced further uncertainties within current transmission planning processes.

Moreover, and most critically, the European energy sectortiees deeply changing as
the EU nemberstates decided in 2007 to lay down ambitious environmental targ¢etse
achievedby 2020[8]: 20% greenhouse gases emissions reduction (compared to the 1990
level), 20% overall energy demand coveredrbpewableenergysources(RES) (it was 8.5% in
2005, and20% reduction in the global primary energy used,(saving 13 % when compared
to 2006 levels).This is a first step towards a more profoutkeicarbonzation of the European
electricity sector by 2050, with the ambitious goal to achigueenhouse gses emissions
reductionof 80%¢95% (compared to the 1990 leydiO]

TKS 9dzNRBLISEHY St SOGNAOAGE AINARRA NB 2y (KS
and energy policy objectives for 2020 and beyoimdfact, this trend impses new challenges
particularly to the TSQsvhohave 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 progedgsi®moving all obstacles to
the creation of a unified European energy marke&his is especially true for those systetinat
have to deal with fast growing RES penetration, as anticipated in order to meet their respective
national 2020 targetsTo acheve this goal within a paRuropean perspective, TSOs might also
exploit possible backp services provided by complementary resoureeg.( energytorage)
remotely situated.However, this can only be implemented at the expenses of a more intense
utilization of already congested crogmrder 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 ifrastructures, within a background of aging European grid assetsking 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 tlerpo
system and impact the upstream transmissiddverall, 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 anafwtntrollable
consumption rises.

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

In both the US.and Europe, there are many naechnical factors that drive or
challenge the development of a smarter grid through deployment of technologies. Additionally,
the hierarchy of governments and cralssrder organizations add complexity to the already
diversechallenges that are present in each electric system. Strategic measures taken by
FLILINBLINRF GS FdziK2NAGASE OlFly KStLI G2 RSTAYyS (K
a smarter grid.

3.1 United States

The following sectiongrovide a brief description of thiegalfoundations forU.S.
electricitypolicy, which will serve as a foundation for discussion on the current state of
transmission and distribution system3raditionally in the U.S, localelectricutilities,
municipdities, or cooperativesvere granteda stateprotected nonopoly under the premise
that insulation from competition was necessary to enstgkable and coseffective service.
Thesestatd IN2 1 SOG SR Y2y 2132t ASa&a SEAA&GSR meadungithael vy i G 2
the state limited competition in the electricity industby establishingstrict barriers on entry
into the market and allowed the company to earn a reasonable prafiexchange, the utility
provided reliable electricity service at not mdtean just and reasonable ratésin the past two
decades, thisegulatedparadigm is shifting towardne ofderegulation and competition within
markets.

3.1.1 Regulatory Environment: Past and Present

Beginning in the late 1980s and early 1990s, electriegulators in some jurisdictions
began experimentingvith a deregulated market model1] In certain jurisdictions, such as the
Northeast, the competitive modddecamepredominant. In other areas of the U, 8ke parts of
the Westand much of the Southeast, the regulated, verticallggrated business model
remained in place At that time, many industry analysts forecastthe rise in competitive
markets and predied the advantages of competitiowould continue tode-emphasizehe
central role the vertically integrated utilityad 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 integr@iutility will remain impactful in

*awdzald FyR NBlFazylofSé Aa (HiafingaetisighfostatdpudicSuyfliy NI £ £ & | LILIK A S
commissions and the FERC in the United States.

°A vertically integrated utility is one in which the same entity owns and operates the generation, transpassion

distribution assetsas well a®ther systems needed to deliver eled\A OA (1 & G2 i K SAsadzéshlfoh G & Q& Odz
theCoO9w/ Q& hLISy ! 00Saa ¢ NI ydiaecthgashifoyards [odtdlizing accedsBof | G SR 2 NRSN
transmission infrastructure, and state policies, many integrated utilities found it prudent/éstdmost or all of

their transmission infrastructureKnown 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 unquestionedpremise that the generation, transmission
and distribution of electricity, in order to operate
effectively, must be protected by legal monopoly no | KeyEnergy Lawi the United States

longerhas univeral agreement For instance, T Federal Power Ad920/1935
transmission infrastructure owners must provide equ Il (P:“b“c U““;y rof'dl'ggS
access to this infrastructure under regulated tariff§. ompany ACt ©

. 1 Public Utility Regulatory
The same rules must apply to all playefhis Policies Act of 1978

requirement and others like it (which emanate from Energy Policy Act of 1992
the FER@sexplained in greater detail below) have Energy Policy Act of 2005
influencedmodernelectricity regulatiorand related Energy Independence and

policies (both state and federal) Security Act 2007
1 American Reinvestmeand

Recovery Act 2009

E ]

3.1.2 Legislation and Federal Energy Regulatory Commission Orders

In the U.S, two federal entities have primary legal and regulatqurisdiction over the
electricity industry: Congress anthe FERC. Congressional legislatiaa evolved from merely
creating licensing agencies and enabling basic regulatory regimes to a paradigm focused more
on creating standards by which industriesist abide andederalagencies must work to
uphold. TheFERC has overseen a shift from a traditionaliyulated industry, where monopoly
companies are required to serve customers in exchange for a regulated rate of return, to an
industry with increased@ompetition FERC continues to refine the regulations that make this
new paradigm effective and efficient.

This section wllpresentfoundationallawsand regulationselevant to US.energy
policy, electricity industry ownership structureand operatimal paradigm$ While this section
is not intended to present an exhaustive review ofalVsand regulations that shaped the
electricitylandscape into its modern form, it is intended to provide the reader with enough
background to fully appreciate thaurrent legal and regulatory framework by which electricity
transmission in théJ.S.is planned, developednd paid for.Highlights and additional
information on select statutes are provided in the Apperfsiection8.2

3.1.2.1 KeyEnergy Lawsin the United States
The Federal Power Act (FR#&the oldest law governirthe energysector in the United
States; it isstill in effect. Originallyenacted in1920 as tle Federal Water Power Adhe FPA
created the Federal Power Commission (which later bectli&ERC), to coordinate
jurisdiction over hydropowewhichwas2 NA Ay | f £ @ dzy RSNJ 0 KS | dza LA OS 3
jurisdiction. The Act was subsequently amendegla host of other energyelated legislation,
including the Public Utility Holding Company &UHCA the Public UtilityRegulatoryPolicies
Act(PURPA)nNd the Energy Policy Acts of 1&PAct 19923nd 2005EPAct 2005)
ThePUHCAvasenactedto force the divestiture or to limit the scope of operations of
large conglomerate public utility holding companié¥ior tothe PUHCAcomplexcorporate

® Also see Sectiod.2for summaries of selected laws and regulations affecting the electricity industry.
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structuresallowedextraordinary profits and rendered geilation very difficult to administer.
ThePUHCAvas repealed b¥PAc2005becausesubsequentlegislation and changes in the
structure of the markets, particularly the deregulation of natural,gasdered it obsolet€.

After the oil crisisof 1973,Congress reacted to calls for energy regulation reform, which
resulted in the Department of Energy Organization Act of 19tislaw createdthe DOEand
transferred authorities of the Federal Power Commission to bloehlDOE andhe FERC, an
independentregulatory commission within DOBEheDOE has a very broad missiorfadlitate
a robust energy economy. It accomplishes this by providing technological,, polity
informational resources to states, the private sectand other federal agenciexcros every
facet of the energy production and delivesgctors. TheDOEoften leads efforts tacoordinate
between industry, the federal governmerand the myriad of regional and loa&gulatory and
planning bodies on energy policy and regulatory matters.

The PURPA is one of the earlilegjislative precursato electricty de-regulation. The
goal ofthe PURPA was to encourage conservation of electricity and operational efficiency in
generating units. To this enthe PURPAequiredutilities to procure dectricity from alternate
sourcesOI f £ SR & | dzI .4 ahtFe@&voided costlof@lactridifiiBy rEqiiring utilities to
accommodate power generated by thighrties on their transmission and distribution assets
compliance withthe PURPAlemonstated that it was possible fothe industryto unbundle
generation from delivery ThePURPAs still in effect.

After the PURPAvas enactedthe nextsignificantpiece of federaklectricitylegislation
wasthe EPAct 1992Thislaw required, among othethings,that the FERC ensure that owners
of transmission infrastructure provide equal accessltelectricity providersTheFERC
operationalized open accessa Order 88&nd bycreating the Open Aess Transmission Tariff
(OATT)disauissed in greatedetail below.

TheEPACct1992 was followed by several implementing orslgom the FERC, and
supersededn partby theEPAct 2005TheEPAct 2005 was a natural offshootloé EPAct
1992andextended and amplified many policies set in placemyprevios years under the
earlieract. The focus of théegislationwas largely aimed at providing federal financial support
to renewable industries, namely wind, saland biofuels.Yet, this legislation alsextended
key tax credits for the fossil industryhile no provision of the bill specifically focused on
electricity transmission initiativeghe EPAct 2005 extendddytransmission investment
relatedtax provisiongestablished undethe EPAct 1992TheEPAct 2005 also authorizéte
FERC to certifyraational electricity reliability organization, responsible for creating and
enforcing mandatory reliability standards for thalk power system. In 2006 the FERC

! By 2005, many aspects of the law were superseded by other laws subsequently paddéthnally, the practice
of using conglomerate publidility holding companies was no longer in voguegwenfeasible under modern day
energyregulation. TheFERC, however, retained the authority in EPAct 2005 to oversee transactions and other

financial activities of public utility holding companiesthibd 3INJI yia 2F F 00Saa G2 (Kz2as$s

records.

® PURPA addresses what it means to procure enfeogy alternative sources that anmore efficient and
economical. The Act describesayualifying facilitg 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/geninfo/qual-fac/what-is.asp).
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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 ZB0FAxNndthe
American Reinvestmemand Recovery Act of 2000ARRAjvere enactedo confront the need to
consolidate energy policy from several discrete pieces of legislation and to address
insufficiencies in the energy policy landscafiéeEISAsough to incentivize the development
anddeployment of a renewablenergyindustry, in addition to addressing other important
energy issues such as growing concern over reliance on foreign oil

TheARRA provided substantially increadederal funding for key tax provisions (chiefly
for wind andsolar)of the EPAct 2008nd was the foundation for a dramatic increase in the
development and integration of variable energy into the giithrtly as a result, the planning
and expansion of the transmission system to accommodate these resources has laege
part of the national conversation in energy infrastructuteis important to note thathe ARRA
gl a yz2i Iy diedly SddEmdwevefcledte energyfocused programsparticularly
the Section 1603 Teasury grant that providedp toa 30% cash credit to qualified renewable
energy projects.Thislawis still operative today and provides the enabling legal authority for
muchof the current financial support structure for national energy programs.

3.1.2.2 Federal Energy Regulatory Commission Overview

At the federal levelelectricity transmissiomegulationis thepurview ofthe FERC,
primarily through issuance of order§heFERC has primary jurisdiction over the rates
transmission providers can charge for use of their equipmknbdwn adariffs, and ensures
these tariffs are just and reasonabl&ERC ordeesdsohavebeen used to make broader shifts
in industry paradigms, sh as by requiring open accesfstransmission equipmentTheFERC
wields substantial power to shape national temnission policyFor instancethe FERC has
undertaken a series afrders toaddresssome of the issues caused by increased renewable
generation Even before thendustry faced the challenge of integratimgriable energy
resourcesnto the existing trasmission systenthe FERC sought to address flaws in how
transmission rights were bought and sold and cost obligations were allocated in markess.
sectiondiscusseseveralsignificantorders that FERC has issyedhich areorganized around
the followingthemes: how regions of the electricity system are managed, how electricity is
traded, and how the system is operated and planfed.

In 1999 the FERC issued Order 200the order dealt with Regional Transmission
Organization(RTOJformation. Order 20@ establishedvhat it means to be an RTDandit
created a regulatory environment that incentivizes or encourages membership in such an
organization. TheFER®@vantedlarge, wholly inclusive regional planning bodi&sirther, the
FERC wanted the operati@and planning of the transmission system to be formatted under an
open architecture organization for transparency and consistency purpd$egertheless, these

? Note that FERC orders are numéer(e.g., Order 1000), but that these numbers are not sequential or necessarily
have other meaningA selection of FERC orders in chronologicd¢ois presented in Sectidh2.

Y FERC Order 2000 established minimum characteristics that an entity seeking recognitiedrBJRC must
establish.
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goalswere not fully metas a result of significant pushback by several states and maniestilit
Order 200Qhowever, was instrumental in creating a major shift in the way planning, operation
and management of the grid is accomplished.

Order 888 was issued in Apti996. TheFERC, through creation of t@ATTsought to
StAYAYIF (S dadzyRdzS RA & ONJR Y A Actotdh@ty theFERGhe §aalS§ O G NA O A
of Order88&aread 12 NBY2 @S AYLISRAYSyGa (2 O2YLISUAlGAZY
marketplace and to bring more efficient, lower cost power to tia¢ion'selectricity
O 2 vy & dzY5p NaEadhieve these goathie FERC required all public utilities that own or
operde transmission infrastructuréo have on file open access naiscriminatory
transmission tariffs that contain minimum terms and condisoof nondiscriminatory service.

As a result of Order 8&ddue toa more level playing field with increased access thed
NBY2 @It 2 FabilitykiGchaigé thénsdivasPi@irential rates for transmission
transactionsmany integrated utilites found it necessary to unbundle th&iansmission and
generationservices.

There are two types of unbundling.he first,&functional unbundling, occurs when an
SyaArde 2¢gya 020K GNIyaYAaarazy FyR 3ASyReNI GA2Y
transmission and generation operations into two distinct enterprises, yet retains the same
parent ownership.The secondgactual unbundling, means to divest transmission
infrastructure and operate only generation, or divest generation and operatetcartigmission
(although this is not common and it is the former that is what happens most often).

Because these assets were constructed with a-oesbvery model in place that
included nelongeravailable rate structures, some formerly integrated uglitifaced
Gaid NI yRSRe 2 NJ dASNISHHR ébBchidt aif $tranded Boatsiplags an important
role in the divestiture of the infrastructureTo the extent that Order 888 led to stranded costs,
utilities andasset owners sought to recoviteseexpenses from ratepayersThis is permitted
so long asuch costs arkegitimate, verifiableor prudently incurred? [6,7] This reformation of
the wholesalemarkethelped give rise to standlone transmission companieand enhanced
the role of the lochutility in administering the distribution systefh.

Building from Order 888he FERC issued Order 890 in 20fder 890 addresses
primarily the potential for discrimination under the OATITheFERC required that utilities and
transmission organizatits (including RTOs ahttdependent System Operaton$SQs)
strengthen their OATT to eliminate the potential for undue discrimination when assigning the
companies available transfer capadifyTC) Accordingtahe FERE & ! ¢/ A& GKS GNI vy
capabilityre/ F AYAy 3 2y | GNFyYyaYAaaAirzy LINRGJARSNDa (NI
further commercial activity over and above already committed uggsnsmission providers
currently calculate the ATC for their systems using different assumptimhsi@thodoR I3 A S & d €
[8] TheFER@ound that the absence of consistent methodology increases the potential for
discriminatory practices ana@donsequentlyrequired consistent calculations, development of
standards, and increased transparency in the calculation prodassher, the FER@equired

Yekra Ffaz NBfFGSa G2 GKS SENIASNI aedzald FyR NBlFazylof S
2 The problem of stranded costs also arises in a agtitipe retail market where distribution companies must now
compete for customers who have a choice in electricity provider.
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transmission providers to demonstrateatit KSe& Sy 3+ 3S Ay aO22NRAY !
transmission planyf 3 [@]€

3.1.3 Current Regulatory Environment

The overall regulatory framework for transmission planning and cost allocation (the
guestion of who pay$or 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 stsfin policy.For examplethe regulation of coalired power
plants illustrates the need to mitigate carbon emissions, and the tax incentives for renewable
resource development illustrate the need for sustainadtel green sources of energy.

Currently, the mostormative and contestedegulatory mechaism employed on the
federal and regional level is FERC Order 1068ued in 2011Qrder 100Muilds from previous
FERC orders culminating in two primary objectivEsensuring that transmission planning
processes at the regional levaale non-discrimiratory, efficient, and cost effective and 2)
ensuring that transmission needs chosen via regional planning methods allocate costs fairly to
those that receive benefitsThe two prongs of Order 10@hd its substantive effectsperate
across both the regiaal planning and market operation aspects of the electricity industry.

As to thefirst prong ofOrder 1000regional planningeach transmission providés
requiredto participate in a regional planning procdassdevelop aregional transmission plan
that complies with FERC Order 898s mentioned aboveOrder 890 mandates nen
discriminatory access to transmission infrastructuExpanding beyond just those transmission
needs identified by the transmission as®wner,regional planningrocessesnustprovide all
stakeholders the opportunity to provide input regarding public policy requiremenktmse
players who might warrant input into the process
include public and private utilitiepublic utility

FERC Order 1000 has two primary

objectives:
commissons (PUCspeneration owners, and 1)J ensuring that transmission planning
consumer advocacy groups, antpathers. During processes at the regional level is no
the planningprocess transmission providers have aj discriminatory, efficient, and cost
affirmative obligation to evaluate transmission effective

2) ensuring thatransmission needs

altern_atlvesthat may be nore efflcu_ant or cos_t _ chosen via regional planning
effective, and tagive those alternatives identified methods allocate costs fairly to thos
comparable consideration. that receive benefits.

To do thig transmission providers are
required to achieve a specific set objectives.As
such, they must first plan their systemshis means they must develop robust and concrete
long- and shortterm 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 relie3his includes the identification of and compliavegh public
policies (including state public policies) to satisfy the interests of public and private
stakeholders.Importantly, Order 1000 does noéquirethat plans produce legal commitments
(e.g., commitments to invest in generation, transmission, dechand response or energy
efficiency). Order 1000 seeks to incentivize state regulators, regional market operaiods
participants to implement the outcomes of the planning process.
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The second prong of Order 1000 addresses the question odosaion. 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 seivicgban areas from
generation in more remote plase In such cases, the qagon of how to spread the cost of
these projects is importantTo this endthe FERC requires that ttepecificcost allocation
method chosenfor the particular project satisfies six regional cost allocation principds
Whilethe FERC does not martdahat any specific method be usetthe followingsixprinciples
must be satisfied:

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

(2) Involuntary allocation of costs to ndveneficiaries is unacceptable, meaning teos
who will not benefit from the project do not have to pay.

(3) Benefitto-cost threshold ratio must not exclude projsatith significant net
benefits; br example, substantially increased psystem reliability or resiliency is a
legitimate net benefit.

(A ExtraNE3IA2Yy It O02adG tft20rGA2y Aa y20 I OOSLI|
share the cost.

(5) The cost allocation methodology and the intended beneficiaries must be
GONI yaLl NBy G dé

(6) Different allocation methods could apply to different types ofrisanission facilities;
meaning that thereisncad 2y S aAl S FAlda Fffé& YSGIK2R2f 2:

These principles apply to, and only to, a cost allocation method or methods for new regional
transmission facilitiesAs a result, thee sixprinciples do not apply to oir new transmission
facilitiesthat are developed outside of a regional planning this procdbgrefore, a developer

or individualentity is not foreclosedo voluntarily assume the costs of a new transmission
facility.

Significant legabsues and chahges have arisen connection with regional planning
and cost allocation outcomes under Order 10@incethe FERC issued Order 1000, states have
been working to selbrganize into qualified regions and submit planshe FERC for review
and approval. TheFERC has reviewed and directed revisions to several regional plans
submittedduring Fall 2012 Despite this ongoing process, sealdegal questions remaispme
of whichare the subject ofitigation.[10,11] Such issues include whethire FERC cadegally
order the development and submission of these plans, giventtteFERC is not a planning
agency and that its authorityn this spaces generally limited t@uthorizingrates for
transmission service and wholesale sales in interstate commerce.

In June2012,the FERC issued Order 764, an important order dealing with transmission
dispatch and rate structureOrder 764 mandated that transmission own@mviding
transmission service to variable energy resougeeerators update their transmission
schedules, essentially matching their generating output to load requirements-atii&te
intervals.[12] The technology that allows such frequent reporting, and essentially seeks to
better match demand to load, is a precursor to smart giglications Availability and
penetration of advanced technology (e.gyndrophasors and smart meters) will continue to
better facilitate an enhanced ability for an automated grid to tailor generation and transmission
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services to the needs of the end us@heFERill 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 recoumvestiments inthem. 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 resut of efficiency measures, consumer sgdneration, etc,)increased state and federal
cooperation will be necessitated.

3.1.4 Relevant Organizations and Authorities

The jurisdictional linedbetween federdand state regulatory authoritiels not always
clear. As discussed abovihe 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 entigy, it cannot
order utilities to make investments, cannot mandate generation or transmission be dmult
cannot mandate particular methods of planning or cost allocatibhese functions are the sole
province of the state. While the federal government is an importaplayer in planning and
building energy infrastructure, and can be a driver of innovation, most ofdbelatory
innovation in energy policjappensat the state level.

StatePUCsare the primary regulatory bodies that control the energy industry withim
borders of the state.Fundamentally, PUCs are responsible for the retail rates of electricity
(distribution level) and the siting of transmission projecBates themselves (through the PUC)
have significant power to dictate how the energy needthefcitizens will be metWhile 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 pactilar state.

For exanple, states may grant a utility axclusive service territoryincluding control
over facilities andervices essential to consumets.return, the utility acceptsan obligation to
serve (his is the regulatory compact discusssabve). The state defines thdzii A foliligatio® &
to serve, doing so in varying ways (e.g., determining the best mix of conventional, renewable,
DG demand responsendenergy efficiency resourceBroadly,thed | 1 Sa Q 206 2SO0 A @Sz
summarized ashie need to diversify their resource bases from historic dependence on
conventional generation ownedytihe local utility to a mix of regional, diversssources.

Contrast this with federal or FERC objectives, as evidenced by OrderH&IPERC wants to
incentivize regional wholesale markets that are competitive, effsictive, and responsive to
consumer needs.

At the state level, ne of the biggest game changers has been the development of state
renewable portfolio standard (RPS) program RPS isstate-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 Forexample the state ofNew York has a mandatory RPS of 29% by
2015.[13] The state oNew Jersey mandates that 1100 MMUst be generated from offshore
wind by 2025[14] How eachutility contributes to the oveall 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 othesinstituting nonbinding RPS goald.5] RPS programs apgimary driversof
the increased penetration of renewable energy generation inwh®.within the last decade.
To this end, RPS programs create a market for Renewable Energy/Electricity Credits
(RECs)! w9/ Sljdz24Sa (2 GKS GaNByS¢glofSySaaé¢ 2F (K
Generally, an owner of one MWh of electricity produced froqualified renewable resource
owns one RECThis credit or certificate can then be sold in a national markaten, utilities
will buy RECs from other jurisdictions to help satisfy thesidictionalRPS requirements.
When a REC is sold, however, anerator of the MWh can no longer claim tbgreere
attribute of the power. When a generator (or a purchaser) wafit® NB G Ay (GKS & 3INB!
attribute of the renewable power, the REC mustrieéired, and no longer traded ithe REC
market.
Additionally, many electricity markets operate within the structure &t EOor ISO
RTOsas noted abovey  NB @2t dzy il NB | 2aa20AFGA2ya 2F dziAf A
lines interconnected to form a regiongtid and that agree to delegate epational control of
0§KS 3INARR (2 [11KSeeFiguics far@ mapdfkh2sé drganizations in North
America. There are six major ISOs or RTOs wittenUnited States ISGNew EnglandlSGNE)
New YorkSO (NYISO), PennsylvaNew JerseyMaryland Interconnection (PJM),
MidcontinentI1SO (MISOY,Californial SO(CAISQxnd SouthwestPower Pool (SPPRTOs and
ISOs serve about twihirds of U.S electricity consumerd16] Entities that do not participate
in an RTO or ISO (again, membership is voluntary) are accounted for undMERE& NSt A I 0 A € A
NEB 3 A SeyFHigare5)
ISOs were largely the result of Order §8& FERQ éffort to standardize the national
energy markety which defined the characteristics of an I$@edicated on FERC approval
finding that the organization promoted competition within the wholesale electricity market and
lessened barrierstoentnk. { had G LINBRF 1S¢ we¢hax gKAOK | NB I N
which FERC sought to standardize tia¢ional electricity marketplace by defining quite
specifically what it meant to be an RT® patchwork of independently operated transmission
systems with limited communications or oversight is not the optimal paradigm for ensuring the
reliability of ekctricity. The RTOs are essential in promoting competition in the wholesale
electricity markets.Importantly, the RTOs and 1SOs do not own any infrastrucyetethey
play a significant role in overseeing the letegm planning for system operation needs by
working closely with infrastructure owners acdordinatingoperation of the transmission
system.1SOs and RTOs engage in transmission services, such as operating the Open Access
Same Time Information Systgl@ASIS, which theFERC mandated with Order 888, as a
mechanism to increase transparency of operafisen access procedures.

'3 Effective April 26, 2013, MISO amended its Certificateadrporation on file with thetste of Delaware to

reflectachangei AdGa fS3aAFt yIYS (2 daaAiARO2y (A WSetherchaigeRSdJSY RSy G {
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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While twol KA NR& 2 F edtrici§y logdlissénad/b RTO%uid 1ISO regions

, alarge

geographic portion of the country operates under more traditional market structures, including
the Southeast and the West he Southeast electric market is a bilateral market that includes

all or pats of 12 states andpanstwo NERC regionghe Florida Reliability Coordinating
Council (FRCC) and the Southeastern Electric Reliability Council (BIEEREH markets

consist ofcontracts between power generating companies and load semmtigjes, which can

be retail electric providers, municipally owned utiliti@sad 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 WesthPower Pool, the
Rocky Mountain Power Areand the Arizona, New Mexico, Southedevada Power Area
within the Western Electric Coordinating Council (WEQ8joughout the West, there are

many balancing authorities that operate independently, but samoek together and have joint

transmissio planning and reservgharing agreements. Thmlancing authoritiesre

responsible for operating the transmission grid reliably, with duties including dispatching

generation, procuring poweand maintaining adecpte reserves.

Moving from the regional level to the federal or national levleé DOHES notprimarilya

regulatory body.Chiefly, the DOE is a technical agewtyse mission io & S y & dzNB
security andorosperity by addressing its energy, emvimental and nuclear challenges

' YSNA OI

throughtransformative science and technology solutidrid8] The DOE provides technical

expertise, mostly in research and development, to states and other regulatory b@Hes0]

The DOE also acts as a conduit for fetBnancing of energyelated infrastructure projects.
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Additionally,the DOE Office of Electricityelivery and Energy Reliabil{E)
administersan international permitting program for thexport of domestically produced
electricity, known as an eport authorizatiors,[21] anda separatepermitting program
(Presidential permitsfor the construction, operation, maintenance, or connection at the
borders of theU.S .of facilities for the transmission of electric energy between th8.and a
foreigncountry. [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 Canadaghand
Mexico is provided in Appendix Secti®2.3 Furthermore the EPAct 2005 tasks the DOE with
developing mechanisms fand leadingransmissiorproject permitting coordination and
implementation.[23] 5h 9Qa h9 I f &2 R&aS CehgdstiofudyibMborgy y A I §
the potential designation dNational Interest Electric Transmission Corriddiational
Corridos). [24]

A National Corridor designatidtself does not preempt state authority or any state actiofte
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 facilitigsurthermore, a National Corridor is not a

siting decision, nor does it dictate the route of a proposed transmission proJét.National
Corridor designation serves to spotlight the congestion or constraint problems adversely
affecting consumers in the aream@under certain circumstances could provide FERC with
limited siting authority pursuant to FF&216(b).[25]

Electricity system infrastructure is often subject to regulation by agencies othetthigan
DOE andhe FERC. For examplbe Environmental Ritection AgencfEPApromulgates
environmental regulation$o protect human health and the environmerje6] { 2 YS 2F 9t ! Q&
air, water, and waste regulationsnpact the electricity industryincluding several recent and
pending regulations® While most erironmental regulationslirectly affect generation
infrastructure,such aghe pending carbon emission standards for power plastsneEPA
regulatonscanaffect distribution and transmission.

When federal agencies make decisions, such as for transmisgiity permitting, they
Ydza il O2yaARSNI GKS ONRBIRSNJI GSYG@ANRYYSyGlté AYLI
For example, the National Environmental Policy Act of 1969 (NEPA) requires federal agencies
undertaking anajor federal actiornthat coud significantly affecthe environmentto evaluate
the impacts othe federal actiorandto document(eitherthroughan environmental
assessment or a more detailed environmental impact statemgg)environmental impacof
and alternatives tdhe majorfederal action[27] Certain federal actions are excluded from the

* Some recent EPegulations impacting the electricity includlee Mercury and Air Toxics Standards Rule

(finalized Dec 2011)he Cross State Air Pollution Rule (pending in th® Supreme Courfthe Coal Combustion

Residuals Rule (pending EPA finalizatitthv®) Cooling Water Intake Structures rulender Clean Water Act Section

316(b) (pending EPA finalizatipahdthe Greenhouse Gas New Source Performance Standards (pending EPA

proposal). Seaww.epa.govF 2 NJ Y2NBE Ay F2NNI GA2Y 2y 9t ! Q& NBIdA F GA2yad
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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 undertaRifgderal
permitting decisions, such as for transmission infrastructure, constitute major federal actions
and federal undertakings under NEPA and Section 106, respectively. Federal agesties
conclude their NEPA and Section 106 reviews before issuingjaliezon proposed projects.
However, neither NEPA nor Section 106 is the deteirmyifactor for a permitting 3 Sy O& Qa
decision; instead, they inform thgermittingt 3Sy O Qa RSOA&A2Yy & YR Fye
permitingl 3 Sy 0eé Qa RSOAaAA2Y D

Other laws andegulations may also be applicable to activities within the electricity
system. Those discussed above are examples chosen to illustrate how complex the igrocess
especially at the federal level, on electricity sector issues. States may also hawewmeir
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
Thedrive toward liberalizing energy markeats Europe, and specifically in the EU, forms

part of a greater global process of liberalization and deregulatidme objective in the EU is to

establish the internal energy markethich should cover both the electricisndthe natural

gas industry sdors. This forms part of the internal market procebsit was launched in 1986.

To understand the developments and negotiations that took pktdbe EU levebetween

1990 and 1996 to prepare the moves towatige first EU Directiv€ on electricitymarket

opening, it is importanto recall three of the basic reasons for energy liberalizatii fall

within the political, economicand legal frameworkg28]

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

® An EU directive is the most important legislative instrument alongside the EU regulation. It is issued by the
EuropeanCouncil, more frequently jointly together with the European Parliament (under thdecision 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 achievkdt 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 ndtimaditions 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 thef deeisions, 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 thereinlgectives. A package normally groups different EU acts of a specific field.
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The political motives have been based on liberalizationtrends (also in the energy
sector) started in thd970s and 1980 different parts of the world and extended by the EU in
the fields of electricity and gas, also considetimg9 | Mlvement and integration in global
trade and the world economyThis evolution has also aimed to achieve greater
competitiveness for energy markets.

The second reason for energy liberalization is economic, targetingethection of
electricity pricesglectricity bought in Europe enerally more expensive than ingk).S.or in
other parts of the world.More conpetitive market prices should contribute (in certain
circumstances) to the reduction of costs for enterprises, and then to a greater competitiveness
of European enterprisegfergyconsuming industries) on ¢international markets At the
same time, due to pressures from the market and from competition, erprggucing
industries should also make themselves as efficient and competitive as posHiewould
result in better opportunities for European indtries, ensuring that they create @eomic
growth and employment.

Thethird reason for energy liberalization in Europe is legal in natlitee EU Treatj29]
defines the internal market a@n area without internal frontiers in which the free movement
of goods, persons, services and capital is ensured in accordance with the provisions of the
Treatyd &he EU Treaty provisions imply that some forms of energy, like ailigdi®lectricity
(electricity also to be considered as a goodsiased bythe European Court of Justicaye
subject to the general rules contained thereifhis forms the legal reason why the European
CommissiorfEC) as guardian of the EU Treaty, had a duty to take action to complete the
internal market,including theenergy field.

At the beginning 0fL990s, one 6the main difficulties and challenges for opening
competition in the electricity market across Europe was the wide variety of organizations and
structures among utilities in Europ&ome countries had a centrdketricity 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 transission also in the hands of various participantéie picture
concerning ownership of generation, transmissiand distribution facilities was also very
heterogeneous.In some countriesplant and networks were publiclpwned, in other ones
private or mixed ownership prevailedn some countries, public authorities were strongly
Ayo2t SR AY RSTFAYAY3I FyR NB3IdzZ I dAy3 AaadzSa 27
member states).

The ECrecognized the variety of &ting 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 estblishment of the internal energy market on four gengrahciples: a gradual
approachto 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 situladist;
the avoidance of excessive regulation; aactontinuing 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 anotheective on price transparency for gas and
electricity price'’

Clearly, the monopoilistic utilities in Europe had no intention to offenenergy market
to other participants and tried tderailthe liberalization processn the beginning, with
support ofsome political parties, they succeedelh 1992, theECpresented its first proposal
for the internal market for electricity. It was based on the three main elements of the creation
of a transparent and nodiscriminatory system for granting productiandnses the
unbundling of management and accounting of the production, transmission and distribution
functions of vertically integrated undertakings, and the introductaf limited hird-party
access to the transmission and distribution networks.

Thetheory behind thirdparty accesss to enable producers and consumers to conclude
contracts directly with each other, thus furthering the objectives of competition and
competitive prices.Thisaccess is important to encourage competition on both tbasumers
and thed Sy S N3idé af dhi édectricity market, by exposing both ends of the market to such
pressures.The original proposal contained a form of obligatory or reguldbedi-party access
to electricity networks to facilitate such direct conttaal relationships.

In 1993 the ECamended its proposals after the European Parliament dsiced fora
large number of modificationsAs a major concession to those irrlRament who were
concerned about the mandatory nature of the origitiaird-party accessconcept, theEC
replaced this by negotiatethird-party accessThis means that producers and consumers will
contract supplies directly with each other, biliey will have to negotiate access to the network
with its operator. By means of gendering or an authorization procedure, the proposal covered
the procedures necessary for the construction of new production capacity.

However, this new gproach tothird-party acces$ailed to win over all thenember
states and during negotiations ithe EuropearCouncil in 1994, the French Government put
forward an alternative scheme for thhird-party access concephat of the single buyer.

Stated schematically, this would meaiagle entity being responsible for the management,
security, and allelectricity purchase and sale activitiegthin a particular network, allowing for

only limited open market to contract foreign or independent suppli€be single buyer

approach represents something very different to energy liberalization, in whichdhsumer

market is opened to a limited degree onlt the request of theeuropean Guncil, the EC

studied this French approach and concluded that it was incompatible with the EU arehty

could not coexistwith th€E®@ a 2 gy y S3I23GA (i Bawever@adacampromisdLINE | OK ¢
for finding a way out of the political deadlock in negotiations, Bésuggested 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 Presiusy of the Council of Ministers presented a full
compromise text for the electricity directive, including the option of a modified sibgiesr

" The two provisiongor the electricity sectomre: thed / 2 dzy OA f 5 A NEB 6f@0JGhS 1980 cenoerning 9
aCommunity procedure to improve the transparency of gas andritity prices charged to industrial eratza S NB £
andthe &Council Directive 90/547/EEC of 29 October 1990 on the transit of electricity through transmissiend@rids
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model together with the existing option atird-party accessbut itwas not completely
successful.t becameclear 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 pHa®en 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 betweenc20% of total electricity
consumption, in which member states would be free to identify whicst@mers would be
eligible to participate and which would be supported by safeguard and transparency measures.
At the meeting of the Energy Council in May 1996mainber statescould agree to the
structure and principles of this approach; however, thelethto reach agreemd 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 finallyuied on the whole electricitdirectiveand its terms were
confirmed by the formal adoption of@ 2 YY 2 y LI &haHnérg® Guncilin July This
was the result of many discussions since 1992 and reflected the broad degree of consensus and
O2YLINRYAAS |G tlrad F2dzyR 0SisSSy (KS 9! Qa YSY
In accordance with thE@Q & 26y Ay (i Sy A2y aedndtinSreadyvrieNE YA &S C
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 regulatidrhis was reflected in the number of options and
models member states can choose from in the first Direatimecerning common rules of the
internal market in electricity (adopted as 96/92/EC Directive on December 19,.1996) his
Directive establists common rules for the generation, transmission and distribution of
electricity.
In the final textthe followingprinciplesunderlaythe Directive:
1 Equivalence (free choice and combinations of options provided that they lead to
equivalent economicesults and to a directly comparable level of openimy
markets and to a directly comparable degree of access to electricity markets)
1 Reciprocity (safeguard clause against unfair competition between unequal market
systems)
1 Public service (member states ynenpose 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, whptyed a crucial,
significant role in the sector liberalization in Europe, waswever, insufficient to set the full
conditions for an extended electricity market openingor this reason, it was then replaced
and repealed by the second electricity markDirective (2003/54/EC) (which was in turn
replaced by the third electricity market Directive 2009/72/EC), as described S8i@n

3.2.2 EU Rolicy Overview
The BJ policy forthe electric power industry aims at the three targetsystem
competitiveness, environmental sustainabilignd security of electricity supplylhe main
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goals of the electricity markefiberalization and integration process consist in improving
power supply services, lowering electricity pricasd, thus, increasing competitiveness of
European (especially industrial) companiés discussed in Secti@r2.], the EU legislation for
the electric power industry is mostly based on tthieectives regulationsanddecisionsof the
European Parliament and of tif@uncil as well as on the national listative provisions of the
EUmemberstates. The EWirectiveshave to be mandatorily implemented into the national
legislations of all Ebhember statesand establish only the most general principles to be applied
to the power system industry regulatiorDetailed determination of regulatory methods and
forms is left to the legislative and executive bodiesn@mber stategsee also Sectiod.2.]).

After replacing lhe first Directive 96/92/EGhe secondDirective 2003/54/E€31] played
the most important role for th® | @ectric power industrgince 2003, setting further
common rules for the European electricity markdétlso, tisDirective, like the first oneaimed
at progressive market opening for competition, elimination of discriminatmd higher level
of integration of electricity markets ohember states

In accordance with th®irective, member statehave been compelled tensure
equality of access &U electricity companies to national consumergchnical rules
establishing the minimum design and operational requirements for the connection of new
facilitiesare tobe objective and noliscriminatory. The authorization procedures for new
generatingcapacity should also satisfy objective, transparantd nonrrdiscriminatory criteria.
If, on the basis of the authorization proceduthe generating capacity being built is not
sufficient to ensure security of suppipember statesan launch tenderingr other non
discriminatory procedure for new generation DSM Member stateshall designate a body
independent of electricity generation, transmission, distributiand supply activities to be a
regulatory authority responsible for the tendering procedure.

TheDirective has paidattention to customer protection.To ensure that all household
customers can receive electricity at reasonable pricgsmber statesan agpoint suppliers of
last resort. Distribution companies shall be obliged to connect customers to their grids under
regulated terms and tariffslt is also important thamember statesnsure that any eligible
customer has the possibility of changing powapplierand to make sure that customers can
choose suppliers consciougtiie suppliers are obliged to specify the contribution of each
energy source to the overall fuel mix and their environmental impa8ince July 1, 2007, all
customers have beenigible

To provide security of power suppiyjember statesnustensure the monitoring of
supply security issueslhiscan be done by regulatory authorities or by other entiti@dis
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 statesshall designate one or more TS@$oare respasible forthe following

1 Expardingtransmission systemdransmission systems should be reasonably

expanded to meet load demands increases and improve security of supply

1 Operating the gstemt TSOs manage energy flows in the system and ancillary

services for secure, reliableand efficient system operation

1 Informationcommunication other TSOs are provided with the necessary

information to ensure efficient operation, developmeiind interoperability of the
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interconnected system while system users lgeprovided with the information for
efficient access to the system
1 Ensuringnon-discrimination

If a TSO is part of a vertically integrated undertakinghall be independent of other
activities not related to transmissiorOwnership separation dfansmission assets from the
undertaking is not necessary.o ensure independence of the T&@h respect tothe
undertaking the following criteria are applied:

1 Persons responsible for the TSO management may not participate in company

structures dealingvith generation, distribution and supply of electricity

1 Appropriate measures should be taken to stimulate persons responsible for the TSO

management to act independently

1 The TSO shall have decisioraking rights concerning assets necessary to operate,

maintain and develop the networkThese rights should be independesftthe
integrated undertaking

1 The TSO shall take measures to exclude discriminatory behavior.

If TSOs are responsible for reserves or loss compensation, they shall procure the reserve
cgpacity and energy according to transparent, Faiscriminatory and marketbased
procedures.Only one kind of discrimination is officially alloweslmember statemay require
its TSO to give priority to renewable energy or energy produced in combirabel.

Member statesshall also designate one or madestribution systemoperators(DS@) to
create a secure, reliabland efficient distribution system taking into account environmental
issues.DS@ must not discriminate between system users and shiadlide customers with all
necessary information for efficient access to the distribution systdéra.DSO is responsible for
reserves or loss compensation, it shall procure the reserve capacity and energy according to
transparent, nondiscriminatory and marketbased proceduresDuring dispatchinga priority
can be given to renewable energy or energy producesldambined cycle.

If a DSO is part of a vertically integrated utjlityshall be independent of other utility
departments at least in termsfats legal form, organizatigrand decision makingOwnership
separation of DSO assets from the vertically integrated company is not nece$saeysure
the independence athe DSQthe same criteria ensimg TSO independence are applieOne
entity is allowed to combine TSO and DSO activiie®bined operator).Foracombined
operator legal, organizational and decisioraking unbundling is also applied without
obligatory asset separation.

For transmission and distribution systerttse principle d 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
rulesthat are applicable to all eligible system usel$ie system operator can refuse access to
the network only if there is no sufficient capacity.

In addition to thethird-party access principle, another regulatory regime is appligus
is based on direct liree According to theDirective, member stateshall ensure that all
electricity producers and undertakings are able to supply their subsidiaries and eligible
customers through direct linesAll consumers should have a possibility to be supplied through
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adirect line by a producer or supply undertakinfhe authorization criteria for the direct line
construction should be objective and naliscriminatory. The possibility to supply or to be
supplied through a direct line should not affect the possibilitg@ntracting electricity through
the common grid.Nevertheless, it is up tmember stdeswhether 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 customerotection provisions.

According to theDirective, member statesnay decide not to apply the provisions
concerning authorization and tendering for new capadityrd-party accessand direct lines, if
their application would obstruct the performance dfe 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).Thedirectivealso rejuires that eachmember statedesignates at least one
regulatory authority, which is independent of the interests of the electricity industiyese
authorities are responsible for ensuring market and competition efficiencysdiserimination
and monitoing of some market elements, rules and mechanisitise 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 200,/a newproposalon the common rules for the European electricity
market was presented as part of the-salled EU Third Legislative Packafg2] and in July
2009 it became th¢hird EUDIrectiveon electricity market (Directive 2009/72/iEC33] This
document starting fom the principles contained in the Directive 2003/54/EC brings new
regulatory elements to the EU electric power industijhe new Directive 2009/72/EC entered
into force on Septembe3, 2009andwasimplemented by all Ethember statesy March3,

2011, when the former Directive 2003/54/EC was repealed.

The background of the nefdirectiveis that legal and decisiemaking unbundling of
transmission networks frormther power system businesses wast sufficient since itid not
prevent discrimination of maet participants irfavor of the vertically integratd undertakings.
Therefore, it wasuggested that ownership unbundling of transmission assets should be
granted. Member statesnust 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
exercisingany control over a generation or supply undertakir@ne 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 biogkrights in both undegkings anatan
neither be a member of a board nor appoint board membérbe newDirective alsosuggests
an alternative optioninsteadof obligatory ownership unbundlingnember statesnay force
vertically integrated undertakings to transfer network mgeanent to anindependentsystem

'® The Third Legislative Package consists of two directives, one concerning commonrriflesriternal 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 fa access to the network for crod®rder 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) oan ndependenttransmissioroperator (ITO). ISQ/ITOs shall be completely
independent of the vertically integrated company and perform all TSO functions.

The newDirective states thathe current legislabn allowsnew infrastructure to be
exempted from regulated thirgbarty access for a predetermined period. This exemption
regime isperceived to provide positive possibilityhat can bring benefit to network
development, security of supplgnd 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 thescatoqn
mechanisms of regulating authoritie$his process has led to the creation of an Agency for the
Cooperation of Energy Regulators (ACER), which ailemoonie the regulatory mechanisms
of electric power industries of different Bdember stategas stated in thdRegulation[EG No.
713/2009 establishing the ACER]). TheAgencyprovides a framework for cooperatioof
national regulators, monitorthe cooperation between TSOs, makegulatory decisions on
some crossorder issuesand serve as an advisor for tB€concerning market regulation
issues.ACERasclose cooperation witlthe European Network of Transmission System
Operators for ElectricittENTSE),'* the European TSO association founded in 2008 which
embracesall prevous TS@uropean organizations likee Union for the Ceordination of
Transmission of Eleatity, Nordel, the United Kingdom Transmission System Operators
Associationthe Association of the Transmission System Operators of Iretaedaltic
Transmis®n System Operatorsind theEuropean Transmission System Operatf85] (See
also Section8.2.3and4.2) As far as the technical and market codes are concerned, the
Agencyis empowered to ask TSOs to modify their code drafts or to tackle more specific issues
in detail. It isalso able to recommend that theECmakes these codes legally bindivghere
voluntary implementation by TSOs seems to be insufficient or unsuitable for certain issues.
ACERnakesdecisions concerning the regulatory regime to be applied to infrastructure assets
connecting territories of two or m@ member states

In summary, the newagencyacts asa supranational regulator with broad regulatory
power in the European electric power industriyn addition to the creation of ACER, the
RegulationNo. 713/200%uggests more market regulation power the national regulators.
The national regulating authoritidgave the poweto perform the following duties:

1 Monitor compliance of TSOs and DSOs withtthel-party access rules, unbundling
obligations, balancing mechanisnmsanagingcongestion and irgrconnection
management

1 Reviewthe investment plans of TSOs and provide an assessment of the extent to
which the plans are consistent with the Europeaite, long-term network
development plan

1 Monitor network security and reliability and review netwa&curity and reliability
rules

1 Monitor transparency obligations

YENTSEE is in charge of drafig grid codes, pafturopean development plans, R&D Roadmap, system adequacy
reports.
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1 Monitor the level of market opening and competition and promote competition in
cooperation with responsible authorities
1 Ensurethat consumer protection measures are effective

Also, natiomal regulators havéhe power to receive any data concerning operational
decisions of companiewhich will beobliged to keep these records ftive years. The
regulatorsare able to impose dissuasive sanctions.

The national regulators should be complgt@idependent of any public or private
entity, even of governmentsFor that purpose, it is proposed that regulatory authorities have
legal personality, budgetary autonomy, appropriate human and financial resqucds
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 éectricityinfrastructures, especially
for those having a significant crebsrder impact. The strategic importance of strengthening
crossborder transmission networks in Europe has been remarked by different documents of
the EC[36, 37, 38, 39, 40]

Concerning the devepment of new transmissioinfrastructure the European TSOs
have substantially kept a national scope so fdowever, this approach proved unable to
provide a parEuropean view and take into account the crbssder needs originated by
complementary geeration sources located in different European placés.fill this gapin
2006 the ECGssuedthe TransEuropean Energy Networks (HENGuidelines document,
featuring a list of infrastructure recognized as priority projects of European inteAdtdr a
few years, this approach héexd to the followingimitations. it is static,it wascollected from
the different TSOfom the bottom up, and itdid not highlight the rapidly changing pan
European prioritiesIn addition, notwithstanding some improvemts in unlocking some THN
priority projects of European interesiue, for exampleto the intervention of a European
Coordinator, the situation for the completion of such projects stayed criticafact, out of 32
TENE priority projects of European interest, as of March 2010, only a small quota of them,
16%, had been completed, and 29% of thielentified asprojects under construction, while the
relevant share of 55% was still in thathorization and/or in the study or reconsideration
phase[4]]

In this frame, in order to overcome this critical situation, tB@ssued two
communicationan November 2010 The first onedefined energy strategy priorities in Europe
towards 2020 targets and cadl for a step change in the way energy infrastructures and
networks in Europe are planned, constructand operated The second one, more specifically,
set the creation of a paturopean methodological approach in prioritizing the projects of
European inteest as a key measure towards EU targets for 2020 and beylarttis direction,

a crucial role is played by ENFE@hich hato progressively implement the necessary
transmission development evolution steps to address the EU requirem@ittsough the
creation of ENTS@ was initiated by the adoption of tHeUthird legislative packagen the gas
and electricity marketsnot all ENTS@ members are within the EU.
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An important contribution to this process was given by the first (pEN)I S€E TerYear
Network Development Pla(TYNDP2010;2020[42], issued in 2010, extended then in 2012
[43], andto be updated every two yeatbereafter® Although the TYNDP is still obtained by
means of a bottorrup data collection from the national TSOs, including irakgystem
projects reflecting local (regional or national) grid issues and bottlenecks, a gradual change
fostered by the EC in favor of a new tdpwn parEuropean approach, especially for cross
border impact projects investigation, has started in the macgears. TheTYNDP 2014,
however, tries to overcome these drawbacks by a morédpth consultation process and
especially by focusing on a commarstbenefit analysismethodology

ENTSO-E members

Figurell. Countries participating in ENTSE[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 FEEpFactice, featured by predefd (and
inflexible) project lists, towards a new pd&turopean approachThe Elestablishedhe
following steps inthe socalled 2010 Energy Infrastructure Package issued by the EC in
November 201@which wascompleted in October 2011 kgyproposal for anew regulation44]
which has been amended and approved in April 2013 by the European Council and the
European Parliamehtind is currently in place (repealing the FTEMstrument):

“The TYNDP 2014 package is expected to be in public consultation-ManitB014.
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1 Identification of the energy infrastructures leading towards a{gamopea smart
network (seOl f £ SR @ & dzLISNENR R€ 0 @

1 Focus on a limited number of European 2020 priorities, where EU action can play a
major role, to meet the longerm objectives.

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

1 Support of the implementation of European priority projects through new
approaches and tools, aimirag 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-gairopean approach to
prioritize the projects of European interest based on an adequate Eunige transmission
investment costbenefit methodology as a key measure towards EU targets for 2020 and
beyond.

Four crucial priority corridors of the Europeaonwer systemare identifiedthat will have
to be more urgently developed and reinforcemlensure timely integration of renewable
generation capacities in Northern and Southern Europe and foster further market integration
(see alsdrigurel?):

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

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

1 Interconnections in South Weste Europe

1 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 areasfor infrastructure expansion towards 2020 and beyof89,44] These highways,
which can be thought as the axes of a potential{gamopean supergrifd5], need to be built
stepwise, ensuring progressive compatibility with the existing network, based on a modular
development plan[46]

The realization of a potential parEuropean supergricas mentioned abovas a complex
process that can only be considered in a lbegn perspective (after 2020), as there are still
several techneeconomic, technological, regulatory, markahd socieenvironmental issues
that will have to be properly handled and solved over the yedi®wvards this goadtifferent
stages for an incremental evolution from the current European grid are to be foreseen
considering the needed progressivegrgineering process drthe relevant paradigm shift
with respect to the traditional approach to transmission system development and operation
adopted so far in Europ§47,48]
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4 Transmission Operation and Management

4.1 United States

Operating and managing the gridasnultHlayered, complex systemwide task. Actual
operation of the gridnfrastructure 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 functioghscludes many playsracross many
local, state, regional and federal entitie¥nderstanding the relationship these entities have to
one another and to théransmission and distributionf&D) system is integral to undstanding
the T&D system itselfThis section will exame these various entities and the functions they
perform, beginning withth&r 2 3 G & y I G A 2aid efdifig with/the anGs2 |ad&lized.
Additionally, his section is closely related 8ection5.1, which discussel.S transmission
planningand expansion

At the highest levethe U.S.s connected by three distinct grid§he Quebec
Interconnection is the fourth interconnection coniging the North American gridhese
systems operate almost entirely independent from one another, but there is limited flow of
electricity across the seams of the interconnectiohBghvoltagedirect current (HVDC)
transmission systems enable the tramsbf power between the interconnectiond hese
systems require a rectifier to convert from one regioal®rnating current AQ systemto DC
where HVDC lines then transmit to the next region where an inverter converts the DC back to
AC in the new regianSixDC ties connect the Western Interconnection with the Eastern
Interconnection within the L&, with one additional tie in Canad&here is also an additiah
intertie between the ERCOiitérconnection and MexicoTheERCOTnterconnection is linked
to the Eastern Interconnection khwo DCinterties.

Within the interconnections, the transfer of electricity from one place to another
happens across more regiortaundaries 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 versaCapacity at these seams is limiteéde to the ownership of physical
infrastructure, membership of particular RTO/ISO entjteesl different electridy policy
structures of regiond1] Efficient control othe power flow across these seams is an essential
component of managing the electric grikenerally, those organizations responsible for
managing the power flow across the seams of REOsre those in the bespositionto
understand the needs of the system.

4.1.1 Operating and Oversight Organizations

TheU.Stransmission system is managed across a variety of industry standards and will
vary according to jurisdictionThe three interconnections, enacroregional operating areas
comprising the LS grid systenm(the Eastern Interconnection, the Westelmterconnection, and
ERCOTlnterconnection)are minimallyconnectedbut primarily operate as distinct systems, with
key connection points existirgjong the seamsas noted above(SeeFigure5, pagel9.)
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States and fedral entities have jurisdiction over different aspects of planning and
building new transmission lines and other bypldwer delivery equipmentThe differences
essentially break down in the following wastates have authority over physically siting new
lines and developing rates for retail electricitie FERC has authority over approving interstate
transmission rates and cost recovery allocation for transmission proj8cth state and
federal regulators play a role in planninghus, tansmission [anning differs from state to
state and by region depending daoth the structure of the market in that state or regi@md
the requirements of the regulators in a particular stat&/here a project is wholly intrastate,
certain planning mechanisms beconess important specifically the need to coordinate siting
decisions between different statesdowever, even for intratate lines, the cost recovery and
rate-setting is still overseen iihe FERC

ThroughtheC9 w/ Qa NERf S 2 F | LIsIbid®iees, if fths dedomeSdore ¥ 2 NJ ( N
involved with transmissioplanning policy; a significadtiver of rates is the physical system on
which the electricity is traded and transporte@hus, the string of orders approved by the
FERCincluding Orders 88g2], 890[3] and 10004] (see Appendix Sectidh2.2) have
increased regional requirements for system expansion planning. These orders require that
projects must beapproved by a regional area prior to being sentite FERC for review and
approval. The most recent action, Order 1000, requires open, transpagend inclusive
regional and inteiregional planning processes and development of regional cost allocation
methodologies, among other requirements.

Regional entities that are registered to perfoptanningauthority functions® still have
control over the process, and this process differs from region to regjigtor example, in a
RTQ@ISOmarket, the longterm reliability planning and reliability responsibilityithin the
we¢hkL{hQa 722 talsIdihg RTOHSDdmhiBhlisNih iGd@pendently operated entity
comprised of utility and transmission asset ownekdember 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 basisMembership inan RTASOis voluntary, but the indeendent organization
does operate the bulk power system to ensure reliability and designs the market in which the
power is provided.Therefore, if the utilityor generator was not a member of the 1SO, such an
entity would still be subject to its rates and reliability planning.

In addition to the interconnections and RTOs/IS@&re are also foufederalpower
marketing administrations (PMi\that play an importat role in regional power delivery

*The exception is lines located in the ERCOT Interconnection, which is not F&Reigural. ERCOT does
interconnect with other states, but has been exempted friederal oversight.See the Midnight Connection Jared
a® Ct SAAKSNE a9w/ he¢Qa WAzZNRARAOGAZ2Y It {GFdGdzay ' [ S3IFE 1,
Journal of Oil, Gasd Energy Law, March 19, 2008.

*The NERC Reliability Functional Model defines the set of functions that must be performed to ensure the
reliability of the bulk electric systenit also explains the relationship between and among the entities responsible
for performing the tasks within each functioMersion 5 is availablenline: http://www.nerc.com/pa/Stand/
Functional%20Model%20Archive%201/Functional_Model_V5_Final_2009Decl.pdf

2 All bulk power system owners, operatoend users are required to register with NERC, with a monthly release
of the Active Compliance Registry publicly posted to the wetp://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 (transmisséng helpngensure
reliability of power derived from hydroelectric plants within the respective PMA areas of
operations. (SeeFigurel3). Similarly, the Tennessee Valley Authority (TVA), a corporation
owned by the U.S. government, provides electricityrfiore million people in parts of Alabaa
Georgia, Kentucky, Mississippi, North Carolina, Tennessee, and Viigitfissells electricity to
155 local power companies and directly to industry and féderalfacilities.

BPAc Bonneville Power Administration; WARAVestern Area Power Administration;
SWPA; Southwestern Power Administration; SE@R8outheastern Power Administratipn
Corpg U.S. Army Corps of Engineers; ReclamagionS. Bureau of Reclamation;

IBWC International Boundary and Water Commission
Figurel3. U.S. Power Marketing Administratio®MAS)[5]

NERC also facilitatd5 reliability coordinators amonghe eight NERC regiai reliability
entities (see Figurel4). According to NERC, the reliability coordinator ensures that schedules of
power delivery are being mef6] The eliability coordinatoroversees the idividualbalancing
authorities (®eFigurel4). Balancing athorities ared w1 8 KS NB ALy aA ot S Sy dAl
resource plans ala of time, maintains loadnterchangegeneration balance within a
balancing authorityarea and supports/iil SNO2yy SOl A 2y ¥ RBdjadeyg O8 Ay N
authoritesY @ 0SS GK2dAKG 2F +Fa GKS GFNRy(-tiheAySagég 23
reliability within thebalancing authorityarea.

2 §The collection of generation, transmission, and loads within the metered boundaries bakiuecingauthority.
TheBalancingauthority mairtains loadNBS & 2 dzZNOS o6 | f | y (B8eNBRC iGidsafy ofiTéringt. | NB I ®¢
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