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1. INTRODUCTION

1.1. Aim of this document

The NetworkCodes (NG) for grid connectiorestablishrequired capabilities of performance defined at the
connection pointsbut (as with all NCs)do not contain the motivation for the requiremeitse NCs
provide the HAwhat so, but n oet (ENj for eHVDT vishones @f .seveflah i s
supporting documents which together make up ENES®s i ferithysgdrticular NCThe aim of this

EN is to explain the challengésat areaddressed by the NC HVDC. With this document ENTES(3 also
sharing feedback ceived from stakeholders.

This ENprovides a summary of th&lC HVDC supportingdocuments andndeavourso guidethe readers
to access other supporting documents for furthetepth information of specific interestThis EN is
organised irsections whiclleal with the material ithe following manner:

1. The aim ofthe NC HVDC, the broader task of the seriedN&swith the context for their development
and the application and challenges associated with Hédkhology;

Stakeholder interactionsdertakerthrough public consultationsvorkshopsand user group meetings

How the proposedcode is structured, at are the limits of its scope aruiassification ofits
requirement® The relation with variousexisting Europeanpracticesis describedtogether withthe
justificationfor possibledeviationsand the associated cost implicatipns

4. The main considerations associated with the spec#guiremerd related tofrequency management,
voltage management, robustness, control, protection, systéomatesy DC-connected Power Park
Modules, information exchange and complignce

Conclusiors;
References to relevant documents

Abbreviationsand aligned definitionased

1.2. Why develop a NC HVDC?
The formal reason

Therapid increase of renewable energy sources (RE&Iplemenation ofsmart gridsand the efficient
functioning of the internal electricity market while ensuring system security allillead to massive
changes to the electrical power system as we khtoglay. This will require a new framework to cope with
these challenges and all participants of the energy market will have to face significant changes.

The connection Network Codes define the minimpenformance capabilities context of cross border
implicationsfor all classes of new grid connectiorithe capabilities contribute to tlowerall objective of
maintaining the existing high level of securityadéctricity supply in Europe.

One of the changes is an expected rapid increase in HVDC ampit. In this context, ENTSEE

el aborates the ANetwor k Co d&ennectedrPowdVHark Md@uaeshie ct i o
Network Code is referred to as tlieNC HVDCO . The NC HVDC is based
Guidelines on Electricity Grid ConnectiofBWGL) [1]. The NC HVDCis a keypart of the ENTSEE
annualwork programmes 2@Llto 2014[2] andr esponds to t he ECO6s mandat
Codefor submissiorio ACER byl May2014.

This planned NC HVD({3] will be the third connection code in line with th&VEBL [1]. The two
connection codes preceding the NC HVDC are the
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Generatorso (RfG) and ANetwork Code on Demand
Connection Procedures, also foundgeitied bythe sare FAVGL [1], may follow at a later date still.

Why HVDC?

Efficient and reliable power transmission grids arprerequisite to support EU energy targets and to
achieve the political goals of a lewarbon energy system. The way the power systedesignedand
operated must be consistent with these paramount taiidesposes new challenges for TSa@sd all grid
users The future power system must:

Facilitate the integration of RES, partially located far away from load centres (e.g. offshore wind
parks)

Managegreatly increasedrossborder power flowdn a strengthened European energy market.
Achieve both targets with minimal impact on environmatithe lowesisocietalcost.

An efficient technology choice to achieve these targets is based on economic and technical performance. In
general the choice is between AC and DC transmisgionomparison between thes®o technologies
leads tahefollowing areas of application for Dtansmission:

Crossing long tance. Long distance, bulk power transmission is often more economic by
HVDC technology.

Meet ewvironmental constraints: The corridor needed to transmit a certain amount of power is
considerably less for HYDC compared to p&ths

Overhead line versus cable: The charging current of AC cables requires distributed reactive power
compensation.For long cables (e.g. subsea cables) A&y not be economic compared to a DC
solutionbeyond a certain length

Asynchronous interconogon: AC systems operating at different frequencies or using
independent frequency control systems st be coupled by HYDGechnology to allow for
power transfer

Control and stabilization of power flows: HVDC systems in an integrated power systgm ma
through their excellent control capabilitenhance the overall system performance and system
security.

In view of the above mentioned challenges and requirements for a future power system, DC transmission is
expected to become increasinghgvalentHVDC development including D€onnection of PPMs (mostly
offshore) isconsidered of major importance for the future development of the European Ndiwargean

market integratioris expected to be facilitated byajor increases in numbeand capacity of HVDC
interconnectors, of embedded HVDC links and of-@@nected PPMsSection 3.4gives the numbers of
existing installations of thee three use cases of HVDC technology the level of activity expected by
ENTSOE6s member TSOs by .2025 and again by 2035

For arange ofperspectiveon the importance diVDC in the future see

T 8 March 2011 the European Commi ssion issued
carbon econdgmy in 20500 |

1 In March 2014 Greenpeageleased theo u bl i cat i on fBuopedh|gRd f@30/ 310 . A
renewabl e el e c5fThis report advodates fev) RitOvery lafgeg. 10GW10GW)
HVDC corridors tolink the main parts of the European power systems in a RES dominated vision
of the future.In March 2014 Friendf the SuperGrid releasethe publication i Super gr i
preparatory phase: review of existimfp studies
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T ENTSOEO6s own Ten VYear Net wor k Devel opment Pl an
system knowledge of all Europe TSOs, indicated in its last report (2012) also an expectation of
about 12.000km of additional HVDC lines planned for the coming years.

HVDC and its role for fismartero transmission

Modern HVDC transmissiosystemsoffer advanced performancehich can mclude independerttontrol

of active and reactive power. The first HYDC connected wind farms in the North Sea demonstrate that
presentHVDC connectionsareable to control the frequency of islanded AC networks and to supply weak
networks. If well planned and designed, these features offer remarkable flexibility:

Future fast changes in power flows resulting from the change in generation pattern could be
handled more securely by the operator.

Additional reactive power (available inherently from VSC technology) would saliie voltage
profile.

The controllable etive power flow can be used to minsawider systermosses and to overcome
bottlenecks by distributing the power flow in an optimal way, making the fullest use of all circuits.
In emergency situations, e.g. partial black outs or islanding of netwoeksiMBC scheme could
increase stability margins or reenergize or stabilize an island.

1.3. European Network Code Development

The proposedNC HVDC covers a specific area in a wider portfolio of network codes on electricity. The

NC HVDC is the ninth code develeg by ENTSGE'. Key messages on the need for European wide
network codes and an overview of how these interact, are linked with other European energy roadmaps, and
benefit European energy consumers, are given in the ENHSOp aper AEuropean N
Dewelopment: The importance of network codes in delivering a secure, competitive and low carbon
Eur opean el e crL Thissactioly sketches koen¢ af thg messages most relevant for the NC
HVDC.

What are the network codes?

Network Codes are sets afles which apply to one or more part of the electricity sector. The need for
them was identified during the course of developing the Third legislative package and Regulation (EC)
714/200%ets out the areas in which netweoddes will be developed and a process for developing them.

Europedbés energy policy objectives

Europeds tri o of ensuring segwity @ supgdlycpyomairegdhle slecarbonisation of the
energy sector and creating competitive, liquid markdiishvbenefit consumeiisis well known.

More interconnected networks and markets: The electricity system is becoming increasingly
interconnected and the electricity market is becoming much moreEyapean. This provides
opportunities for generators &ell into different markets, based on price signals, and gives consumers a
greater choice over who they buy energy from.

Increases in crossborder flows: A natural consequence of bigger markets and the siting of fluctuating
generation further away fromte consumption centres are much greater levels of-bmger and long
distance power flows. These flows require careful management by @aS®require greater coordination

1 https://www.entsoe.eu/nmjmects/netwerkdedevelopment/
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between grid operators in planning irfiaucture developments, in designing markets and in operating the
systemi given the significant influence such flows can have on the operation of the system in real time.

A changing role for network users: The changes in generation portfolio and operatiarhallenges
discussed above are creating a change in the role of network users. It is becoming increasingly important
that all types of users (i.e. generation, demand, distribution networks, and interconnections) play an active
role in providing the capmlities and services which are needed to maintain the security of the pan
European transmission system.

Creating stronger, more robust and smarter networks:Without a robust transmission system, none of

the trio of energy policy objectives will be aehv e d . Europeds networks wil/
in the coming years, with much greater levels of interconnection and the probable extension of networks
offshore, using a greater proportion of HVDC technology. They will also need to adapt tommoueh

active distribution networks and to greater customer participation.

Ensuring closer cooperation between TSOSSOs are working more and more closely together (building

on a tradition of doing so for over 60 years) to make better use of existing asddiuild on the very high

levels of security of supply enjoyed to date. More advanced and coordinated operational planning
procedures are being implemented by many TSOs through multi TSO coordination initiatives (and through
regional market coupling itiatives). TSOs are also developing systems for coordinating balancing and
remedial actions where system issues exist and enhancing real time data exchange (e.g. via tHe ENTSO
Awareness System).

The network codes under developmentinvestment decisiongken now will affect the power system for

the next decades. The European energy system of 2020 is being built today and the foundations of the
European energy system of 2050 are being conceived. As such, there is a need to make sure that all usel
are awee of the capabilities which their facilities will be required to providecognising both the need

for all parties to make a contribution to security of supply and the high cost of imposing requirements
retrospectively. The grid connection codes thmmekeek to set proportionate connection requirements for

all parties connecting to transmission networks (including generators, demand customers and HVDC
connections). A stable set of connection rules also provides a framework within which operational and
market rules can be developed.

The system operation network codes will provide a solid basis for coordinated and secure real time system
operation across Europe while market related network codes aim at creating a relatively simple set of
market rules Wich can promote effective competition, minimise risk for all parties (particularly renewable
generators who will benefit from markets close to real time) and give incentives for market players to act in
a way which is supportive to the efficient operatadrihe system and minimise costs. All of them need to

be developed in light of the connection requirements established in connection related network codes:

Sets requirements for HYDC connections andda@nected

generation.

Load Frequency Control Provides for the coordination and technical specification of load
frequency control processes and specifies the levels of reserves

& Reserves

(backup) which TSOs need to hold and specifies where they ne
to be held.

Balancing Sets rules to define the roles and responsibilities of TSOs and

market parties to procure and exchange balancing products to

balance the system from day ahead to real time in the most effic

q
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way. It also includes financial principlésr the payment of these

services.

FEL M EERfENE el Sets requirements which new generators connecting to the net
(both distribution and transmissiohand existing generators (in
very limited cases)will need to meet, as well assponsibilities on
TSOs and Distribution Network Operators.

Operational Security Sets common rules for ensuring the operational security of the

European power system.

The European electricity system is going through a period of unprecedented. cliaeggeneration mix is
changing fundamentally, the potential for the demand side to become much more involved is vast and the
market is becoming genuinely pan European. For Europe to achieve its trio of objectives of ensuring and
enhancing security of pply; creating competitive markets; and facilitating the transition to a low carbon
economy there will need to be a significant change in the role of network users, of Distribution System
Operators and of Transmission System Operators.

With the growingshare of electricity generation from intermittent renewable energy sources the difference
between actual physical flows and the market exchanges can be very substantial. Remedial actions were
identified by previous smart grid studies within European fraomkewprograns in operational risk
assessment, flow control and operational flexibility measures for this area. At the same time an efficient and
sustainable electricity system requires an efficient usage of existing and future transmission capacities to
maximise transportation possibilities. New interconnections and devices for load flow control will be
integrated in future transmission networks and will offer new operational options. Two major EC studies
(iTesla[8] and Umbrelld9]) cover these aspects.

Network codes will impact on all parties active in the energy sector and will lead to considerable change in
existing practices. ENTS@E recognises the importance of engaging with a wide range of stakeholders to
ensure that these impacts are understood and that as broad a range of views as possible are reflected in t
network code development and is seeking to structure processes tthialomoccur.

Through a transparent approach, collaborative method of working and shared objectives we are confident
that the network codes can deliver real benefits

1.4. Other Supporting Documents providing further depth

In addition to this Explanatory Note, the following supporting documents are avaiatifree ENTSGE
website

In addition to this Explanatory Natéhefull package oNC HVDC supporting documents includes:

Frequently Asked Questions (FAQ#)duding

- Comparison of present practices with NC HVYDC

- General feedbackom amanufacturers survegn cost impact

- Considerations of allowing a lower grade option for radial HYDC connections of PPMs
Requirement Outlines

Evaluation of Comment&ENTSOED giews on valuable feedback received in a written
consultation on a draéif theNC HVDC

‘—_—/
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Additional documentation of theonsultation procesacludes:

Presentationand minutesrom Public Stakeholder Workshops
Presentations and minutesléder Group Meetings
Documents from itateral stakeholdemeetings

Related Documents and Links

1.5. Challenges Ahead relevant to HVYDC Requirements

Extended and more varied applications of HVDC

HVDC technology will increasingly be used in the coming years to develop interconnections between
different synchronous areas and it is of the utmost importance for these new facitibagritoute tgpower

system security. To supplement existing HVAGriors, extensive developments of embedded HVDC
systems (both within one or between several control areas) are also planned, in order to increase the
flexibility and capacity of the entire system. The above contribute to market integration by supperting t
development of crodsorder exchange of energy and reserve. To that end, extensive active power
controllability is needed. Automatic control modes are especially neededxétiange offrequency
containment and restoration resexvéhe NC HVDC define the minimum standards and requirements
needed for achieving these goals related to market integration.

The conventional task for HVDC is bulk transfer of large volumes of energy over long distances.
Additionally, HVDC has been used like a firewall in isckto-back connection of large A€ansmission
systems. These tasks will remain a foaupplemented by the expected rapid growth of HB&nology

in the world of offshore poweagenerationpredominantly associated withind energy

The HVDC technologies

The HVDC technology itself, in particular the branch of Voltage Sourced Converter3,(Steveloping

rapidly. This wasillustrated at a December 2012 International HYDC ConferénteE T 6 s ACIDC2 01 2
with the statement that since the first VSC installation there had been a fundamental change of
configuration for every second VSC project. In contrast with the emerging HVYDC VSC technology and the
potential for futureassociated HVD Grids, the alternative HVYDC technology using Line Commutated
Converters (LCE is a mature technology, applied with large capacity in relative low numbers. It is
important that the NC HVDC facilitates the developmatioth technologies

In this context CIGRE issued in December 2012 a WG report (WG2B411] concluding that DGGrids

are feasible. Another CIGR&oup (WG B456) isworking on connection requirements for meshed DC
Grids whose report is expectedlring 2014. CIGRE B4 has further set up a group to develop
recommendations fatandard DC voltages, similar to how 400kV is a standard voltage in Europe for AC.
In a DC Gridit will eventually become possible to have a Connection Point directly at HVIXE direct
connection to a DC busbar).

A further variety of HVDC configuration is being demonstrated in 2014 by Skagerak 3 and 4 linking
Norway and Denmark to combine VSC drdC technologies in both ends in one HVYDC system.

The system technical challenges ahead

As the proportion of electrical power transmitted by HVDC to the vicinity of major load centres increases,
the characteristics of HVDC including its responses to $gstem changes under disturbed conditions
increases in importance in two ways. In the first place this relates to its own robustness to disturbances, the
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ability to continue to deliver the power. This is particularly important considering the size obfribst

HVDC schemes. Secondhand of similar importangeas HVDC displaces direct AC connection of
generationjst he abil ity of the HVDC system to fipass o
support from another system or from generation tvelestable operation and hence security of supply.

The characteristics of thenergy systenare changing rapidly especially with the massive integration of
RES (wind generators, PMstallations) in the European electricity network. At a European level this is
illustrated in the Ten Year Network Development Plan (TYNIDRZ2) issued by ENTSE [12].

The likelihood for operation of ayschronous arear at least a control areavith at times very high
percentage NoSynchronous Generation (NSG) increases. This was described fausvapuntries in the
Appendix (Section 7) of the NC HYC Call for Stakeholder InputlB]. Ireland is the first synchronous
area to experience 50% of generation from-sgmchronous sources (predominantly converteed).In

the short term this condition is considered as a system technical limit, maintaieednecessary by
substitution[14]. Great Britain is expecting underthe i2013Go ne Gr e e i b exxeee 1% and o
even 90%for considerable durationsnder the most challengirgperatingconditions by 203Q15]. The
converterdomination of generain is further extended by HVDC convertersder import conditions, but
alleviated during HVDC expart

Operating conditions with the highest RES injection (typically in windy / sunny conditions with moderate
demand) present major system challen@emanswver is to increase the controllability and the flexibility of

all power system elements to deliver a power system which can react and cope better with the volatility of
RES [16].

The three main new or expanded technical challenges ahead related to peabt®r of the power
systems are:

Frequency management with reduced inertia in synchronous area or even in each control area;
Voltage management in areas remote from main centres of RES installations during times of high
RES production when conventiorg@neration, which has traditionally provided this service,

being displaced; and

Fault level (system strength) management in context of rapid changes from high system strength
during low RES production to extreme low system strength during high RES pordwetien
synchronous generation is displaced (not operating).

In the extreme case the total demand may be covered by supply from converter based technology (PPM anc
HVDC connections). In general NSG results in both lower total system inertia as veslleaidult levels /

short circuit ratios (or system strength). A family of challenges are related to operation with less system
inertia and less system strength:

Inadequate synchronising torque to retain stability.

Potential commutation failures of LG€chnology the conventional type of HVDC. Traditionally

LCC schemes required a fault level in MVA of at least 3 times the MVA rating of the HVDC link
Stability for the latest LCC systems can probably be extended down to Zhiefd¥A rating.

High harnonics If minimum fault level (orshort circuit ratiy in operation is much lower than the

fault level used in the design, then unexpected high harmonics may appear. As a rough measure if
the fault level is halved, the harmonic voltage distortion will deudigh Negative Phase

Sequence ¢r 3-phase unbalance) voltagd$e synchronous generators as major sinkégyative
sequence currengse being displaced monsynchronous generatiavhich do not perform

similarly as a sink, unless explicitly designed to do so.

Larger voltage steps, e.g. when switching capacitors or reactors on the network in order to control
the system voltage.

New challenges farransmissiorprotection Systems in whichdistinction is to be madaetween

fault currents and load current of similar magnitude.
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The technical requirements of HVDC systemey in future increasingly be designedataelioratesomeof
the above problems by delivering a number of services, including:

Synthetic Inertia (Slto aid frequency managemerit5]
SMART use of Sl contribution to deliver synchronising torqLé@,[[17]
Very fast fault current contributions up to their current ratintg. This is still 23 times less than
the initial fault current (sutransient)contribution from the displaced synchronous generation
would have been.
The motivation fordeveloping and increasingly requirinigeseemergingservices is to avoid or at least
reduce in the most soeeconomic manner the impact of one or more of tHeviahg alternatives:

An upper limit on(local) development of RES;

Large scale constraint of RES production (modest constrasubstitutiorfor the most extreme
conditions is still expected to be appropriate); or

Jeopardising system security by no lengeing able to maintain current system performance,
having to accept a higher levelsifpplyinterruptions.

Starting point for the NC HVDC development

Security of the system cannot be ensured without considering the technical capabilities of all users.
Historically large synchronous generation facilities have formed the backbone of providing technical
capabilities.

The ENTSGE TYNDP [12] shows that several countries have extensive HVDC activities and/or future
plans. However, not many have detailed @mtion requirementalreadyset in Grid Codes. A summary of
existing current practices is to be found in section 3.4 and is further expanded on in FAQ 10. This
demonstrates the importance amdjency need for a European NC HVDC, for network operators and
developers.

Whereas the NC HVDC makes a start in the preparation to copehwitihhore extreme system challenges
described abovat is likely that it will be necessary at a later stageetidew and possibiaddto 19 or
extendthe capabilitiesalready intuded The optimal time for this is expected to vary across Europe, with
the smallest synchronous areas with the highest proportion efymahironous generation sources expected
to meet these challenges firbtence, the requirements already included{sag synthetic inertia and fast
current injection during faults) are mostly optionabttmandatory and further left to be fully defined at
national level lon-exhaustivg
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2. CONSULTATION

Interaction with interested and impacted industry organizatigas facilitated by means of various
workshops, two written consultations and the establishment of a dedicated NC HVDC User Group meeting.

Five User Group meetings have been helith a first one before the formal development of the NC
HVDC. These have lem of great value to exchange viewstba impact and benefit of the NC HVDC
both for ENTSCGE to explain its choices and its drafting and @eers to explain theiviews and bring
proposals for improvement of scope, code and interpretaftom materialised in the presentations as well
as theagreedminutes of the meetingaepublishedon the ENTSEE website.

A public written consultation ofa full draft code was open during the period from 7 November 2013
through 7 January 2014. Various organisatioomfthe industry, investors as well as academia submitted a
total of nearly 2500 individual comments, which have all been assessed by ENT&®d o c u mdCn't i
HVDC - Eval uati on @rbvides &ENTSBEENGtss deval uati on of t he ¢
appioximately 500 topics. For each topic ENTE&Ocategorises its response a proposed changas
acceptedpartially acceptear rejectedanddefinesa motivation foreach conclusian

The material-EivmluMECi @VWDOGf Co mme n tngmber.iTlse cansulggion i s e
has resulted in substantial improvements and a large number of changes. -ENdg§eciates the
substantial effort made by many stakeholdeqgravidingthese contributions.

(0]

The input provided in this consultatiocoveled both legal and technical aspectseither editorial or
fundamental. Eachuggestion has been assegsefilirther improve th&dC HVDC. The major changes in
the code can be summsad as follows for HYDCSystems

Definitions and scope have been enhancebdter clarity

Withstand capability in frequency have been reduced and made coherent with ranges resulting for
national implementation of NC RfG and DCC

Admissible active power output reduction at frequency below 49 Hz has been introduced ;

The Rateof-Changeof-Frequency withstand capability is more clearly defined;

Requirements foshort-circuit contribution during fault has been kept moandatory and is now
proposed in anore open manner, following agreement with the wind industry in recent NC RfG
discussions where similar requirements are stated for PPMs

Requirements for FauRide-Through capability in case of asymmetrical fault has been proposed
in a more norexhaustivdormulatiory

An additional point is introduced in the FRT voltaagainsitime curve to allow for a combination

of a fast initial rise of voltage, but slower rise betweeri AL Hpu

Requirements for Reconnection Capability and Requirements for Isolated Network Operation have
beenremoved since these capabilities are broadly coveyasther NC HVDC requirements, and

can in any case be further specified at national level

The major changes in the code can be sunseth@as follows for D& onnected Power Park Modules and
Remoteend HVDC Converter Stations:

Requirements for D@€onnectd PPMs and Remotend HVDC converter stationare clearly
distinguishedin separate section® improve clarity of which requirement applies to which
element

Opportunities to use nominal frequencies other than 50Hz or frequency variable by design for the
operation of the remote erate nowexplicitly addressedThis is subject to agreement with
relevant TSOs to ensure that decisions are in line with-termy Europeametwork development

plans

Ranges for frequency withstand capability are fully aligned with those -shore generation to
ensure nofdiscrimination;

ENTSO-E aisL « Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 « Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu



entso®@

Ranges of withstand capability in voltagie aligned more clearly with present best practice
Requirements for reactive power capabilitgvebeen proposed to follow a progressive capability
building depending on system need. Agreements shall ensure that reactive power capability is
available when reactive power is needed for the power system

The feedback received in the Call for Stakeholder Input, User Group meetings and public consultation
provided crucial support in developing the code and its supporting documents, and more particularly to
develop the code in context of offshore.

The requiements in NC HVDC have recognised that the possible largest cost component of reactive power
should be selected from a defined range reflecting the relevant network development plans, as well as the
option of optimization of DC link and offshore plant dgsi In particular, for DC connected PPM,
flexibility has been introduced in the code in order to avoid unnecessary investments in reactive capabilities
at the time of initial connection and commissioning. An agreement between the DC connected PPM owner,
the HVDC owner and the relevant TSO can be obtained as soon as it is demonstrated that full reactive
power capabilities can be delivered at a point in time defined bRehlmyant TSO when theses capacities

will be needed as a consequence of further netdevielopmentsi-or more details on this aspect, refer to

FAQ 20.
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3. General Approach to NC HVDC

3.1 Structure of NC HVDC

The Network Code contains General Provisions, including Subject matter and $&ufp@tions,
Regulatory Aspects, Recovery of t®sand Confidentiality obligationdefore introducing the technical
requirements. The Chapter on requirements for HVDC connections is followed by the Chapter on
requirements for D&€onnected Power Park Modul€éBo improve clarity this chapter has beentler
subdivided into the requirements for the Rerreitd HVDC Converter and the requirements for BPM
Further chapters covefnformation exchangend coordinationOperational notificationprocedure for
connection Compliance,Derogations andiRal provisions. The main requirement chapters are organised
into sections covering a group of requirements. Eachnicalrequirement is covered byspecificArticle.

3.2 Applications to HVYDC Connections and DC-connected Power Park
Modules

Accordig t o A WELR dhginekvork code will apply to grid connections for all types of significant
grid users already, or to be, connected to the transmission network and other grid user, not deemed to be a
significant grid user will not fall under the regeiments of the network caile

A major challenge of the HVDC code is consequen
Significant Grid Users?0 in order to define unam

TheFWGL gives a general defindin  of t he Si g nipreiexistng ¢grid @ers athd nevegeid s a
users which are deemed significant on the basis of their impact on the cross border system performance via
influence on the control ar e a axillagyservicesi. t' y of supp

For this specific NC HVDENTSOE identifiesthe following HYDC configurations as Significant Grid
Users:

HVDC Systems connecting Synchronougds orControl Areas, including back to baskhemes

HVDC Systems connectingower Park Mdulesto the Network

HVDC Systems embedded within one Control Area and connaxthd Transmission Network;

HVDC Systems embedded within one Control Area and connected to the Distribution Network
when a cros®order impact is demonstrated by the Ramev SO and approved by the NRA; and

All Power Park Modules that are AC collected and DC connectaal $ynchronous Areat
distribution or transmission level

The following picture illustrates the above mentioned different ways HVDC is envisaged to be used as well
as the location of thimterfacepointswhere the NC HVDC requirements apphollowing consultation and
following agreement with Stakeholder represéimes at the ¥ User Group meeting ENTSE confirms

that wherever possible, the performance requirements are defined for the HVDC system at the AC
connection point. Motivation for this i &requantyi on
AskedQe st i onso (FAQ 16).

These connection points form the physical interface between the systems thus the performance
requirements are usually defined related to this connection p&otsDC connected PPM¢he remote
(usually offshore)AC endof the HVDC cowertermay not always be a Connection Ppiaig. a national

regime may turn it into a Connection Point late in the project development possibly with change of owner
of one part For suchcases the term Interface Point is introduced in NC HVDC to idetiidypoint at

which NC HVDC capabilities are defined
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DC-connected PPMs (mainly
offshore wind) HVDC Systems connecting Synchronous
Areas or Control Areas

: Embedded HVDC

/ Systems

DC links connecting

PPMs
\/

Connection Point(s)

Interface Point(s)
Example 1: HVDC transmission system across control areas

An HVDC system with AC/DC terminals across multiple synchronous areas or control areas, has a cross
border impacsincea faultin the HVDC gstem causea change of flows between control areas. Therefore

these schemes are deemed to be Significant Grid Users.

Before fault After fault
I G: 9.000 MW
G: 10.000 MW G: 9.000 MW G: 10.000 MW L: 10.000 MW
L: 9.000 MW L: 10.000 MW L: 9.000 MW u
— - ?

Example 2: Embedded HVDC transmission system within single control area

Large HVDC connections embedded within one control area can also have significatiocdessmpact.
For instance, the loss of an internal HVYDC link can modify the distribution of -baser flows and
consequently have impact on the power flow in nedagliing control areas. All HVDC connections
embeddedvithin one control area and connected at transmission lewed such a potential impact on

crossborder flows.
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Before fault After fault
Pg=500 MW Cj I ijS I
S\H \ |

G: 10.000 MW G: 9.000 MW G: 9.500 MW G: 9.000 MW
L: 9.000 MW L: 10.000 MW L: 9.000 MW L: 10.000 MW

Example 3: HVDC generation collection system within one control area

A HVDC generation allection system, in which all the AC/DC terminals are connected within a single
control area, has a cross border impact due to the fact that a fault on the HVYDC system causes the change c
flows between control areas. However it is important to recdlictioassborder issues are not only based on
active power exchange in tie lines but are also related tie¢haical capabilities of all the users playing a
critical part in system security. Therefore teguirements will improve robustness to face disnces, to

help to prevent any large disturbance and to facilitate restoration of the system after a collapse. Moreover,
harmonization of requirements and standards at &paopean level (although not an objective in itself) is

an important factor thatontributes to supptghain cost benefits and efficient markets for equipment,
placing downwards pressure on the cost of the overall system.

Therefore, all requirements that contribute to maintaining, preserving and restoring system security in order
to facilitate proper functioning of the internal electricity market within and between synchronous areas and
to achieving cost efficiencies thr ouglordareeovbrki c al
i ssues and mar ket integration issues?o.

Theoption to apply the NC HVDC to most, if not all, HYDC links has the following advantages:

The scenario that ovenship of aHVDC link could be transferred to another party during its
lifetime is realistic. The application of the codeseresthat all links comply with the same
appropriate minimum standards and requirements.

All requirements apply when two entities connect to each other. In case a TSO develops a HVDC
System within its own control area (so not covering the connection of two partiegclhieal
requirementsstill apply as described in Article(8) of the Codeln such case, an operational
notification process or compliance test between grid user and network operator is not suitable.
Requirements are expected to be covered in national ptastandards or equivalent practices.
Application of the NC HVDC taall HVDC System Ownergnsures nodwliscrimination across
Europeand contributes to the expressed objectives of this.code

In case the HVDC link to AC collected and EGnnected Power PafModules (e.g. offshore

wind farms connected by HVYDC) is owned by the TSO, application with the NC HVDC ensures a
nontdiscriminatory approach towards these generating units in which the HVDC link is owned
either by the Power Generating Facility Owner oaliird party.

In addition topoint-to-point connections, multierminal schemes are also foreseen in future. In this regard
the requirements shall ensure that midtminal schemes work together in a robust and safe way. For
future connection points at DC substations, requiremestsat provided in this issue of NC HVDC, but
are expected to be added at a later revision whelectiveDC fault detection andHVDC switching
technologeshave emerged.
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Mixture of AC and DC transmission of power from offshore PPMs is also relevamreaent HVDC
systems provide predominantly point to point power transfers. It is envisaged that DC grids (meshed DC
systems) will gradually emerge for some applications, initially as a new emerging technology and
eventually as a proven technology. One ingnat step needed in this context for the TSO to further develop
future HVDC systems is the interoperability of different vendors and the ability to integrate individual
projects into the existing system. In this respect, the NC HVDC is expected in the fatplay an
important role 19]. Future revisions of the NC HVDC are expected to bring these aspects forward as the
DC grid technology moves into implementation.

Relevance to Existing HVYDC Systems

For existing users, previous connection codes (Requitefe Generators (RfG), Demand Connection
Code (DCCQC)) provide an extensive but transparent anelisaniminatory process before the requirements
could be considered applicable. A CBsnefit Analysis showing the soeeconomic benefits and cost of

the poposal has to be carried out and the report will be subject to a public consultation. Finally the TSO
sends the proposal on the applicability of the requirement, including the outcome of the consultation, to the
relevantNationalRegulatoryAuthority forapproval. ENTSEE considers that this approach is also relevant

for the NC HVDCand therefore the same approach has been addjtisanay beexpected for HVDC to

be particularly relevant tdacilitate low-cost software (control) changes with potentiallyge system
security benefits.

3.3 Classification of the requirements

For each requirement, the NC HVDC provides a classification into exhaustive iogxhanstive, and
mandatory or noimandatory requirements:

Non-mandatory requirements leave a choicenational/regional level about including the
specific requirements. This typically covers aspects which may not be essential everywhere.
Mandatory requirements are to be implemented throughout Europe.
Non-exhaustiverequirements leave certain detailsaafequirement to be further specified at a
national level. This is often focused on parameters. The national choice may be limited by a
parameter range defined at European level within which the national parameter must be set.
Exhaustiverequirements defmall details of a requirement.

These classifications are introduced to give an optimal balance ofbmaer relevant functionalities that
should be fully specified at European level and those where further specifications are best made locally to
be fit for purpose at the lowest cost. The proposed classifications follow the same principle used in the
network codes Rf@Gnd DCC

Furthermore, network codess referred to in Regulation (EC) 714/2009 only cover aspects with cross
border relevance and supporting market integration. Other capabilgntfor efficient and cost
effective operation of the national power syst&titi need tobe defined in ni#gonal regulation standards,
connection agreements or best practices

Finally, when a requirement is defined as imoandatory, its application will need to be judged in each
national context. Where it can be demonstrated as justified aneftexive, it will be included as a
requirementThe framework of such national decisions is guided by national processes in accordance with
the European RegulatioNationallmplementation Guidelineis also expectetb be developeih order to
support this process
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3.4 Level of deviation from existing European practices

ENTSOE conducted a survey among its members to identify possible significant differences between the
NC HVDC requirements and present practices.

o0 First of all it should be noted that a numbefr Member States at present do not have
HVDC connections, nor are there plans for such connections in future. The following table
gives an overview of theumber of HVDC applicatiomexistingin operation end 02014,
further HVDCprojectsplanned by 202%and again by 2035.

_ |Embedded P&
Interconnectior link connecteg
PPM
Existing 37 4 4
Planned
20152025 32 15 38
Planned
20252035 14 15 29

The most significantlifference betweeNC HVDC andexistingnationalcodes and specifications
relates to offshore requirements for ranges for frequency, voltage and reactive Tlugeés. an
area largely still to be introduced into National Grid Codsverthelessin the only fourexisting
applications of HVDC connectiy 7 offshore PPMs physically in place by end of 2014 (projects
referred t oin thestablé aboJje these offghore requirements are already broadly
included, with only minor differencemcluding even more challengingrequencyranges than
specified in theNC HVDC.

The other noticeable aspect is the principlertsuraesilienceof HYDC Systemgo beequal to the
highest national level of resiliencerdfiuency& df/dt andoffshore also forVoltageranges) for
generationThis inevitably terefore resultén increased requirements in some countis@s;e the
NC HVDC ensures these are introduced in all Member States.

For more detail, topic by topic, please look at FAQA Compar i son of present
HVDCOo.

3.5 Input from HVDC converter manufacturers on cost implications

ENTSOE is aware of the importance of potential cost implications, in partitolaroject dvelopers
Specific emphasis on this aspégialso giverby ACER when significant deviations from current stadda
and requirements are proposedhe NCs

Inits ™ May 2013 fACal l f oconsulfatioaBNESO& Iredjumsted Informatidnon this
aspect, asking for thigve requirements in thpreliminary NC HVDCscope with the largesbstimpact to

be identified and also for any requirement with an impact greater than 0.1% of the total cost of the
converter station. Unfortunately, thisarly public consultation did not result in any quantitative cost
information related to the proposed scope items.

The commercial sensitivity of this aspeist well recognizedFollowing the twemonth consultation and
after further discussion with several HYDC equipment manufactueN3 SOE sent a focused survey
based on ahDA (Non-DisclosureAgreement}o the HVYDCequipmenimanufactures participating in the

NC HVDC User Group, as well as the sector organizations of T&D Europe and EWEANDA would

limit ENTSO-E to only use high level information received from each manufacturer to ensure that only
some high levetonclusions, which are not attributable to any one manufacturer, are published.
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ENTSOE appreciates the cooperation and significant effort made by manufacturers in responding to the
survey. The high levadonclusions of ENTSE arecontainedn FAQ 11 A Gst implications of significant
new requirements in NC HVDC. 0
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