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Introduction

Distribution System Operators (DSOs) and Transmission System Operatoraf@&day in clarge

of maintaining the electricity systeratable for all onsumersin a society ever more reliant on
uninterrupted power supplyThis task is morehallenging now than in past decadesnewabe energy
sourcesare being connected to distribution griédg an extraordinary rateconsumers are installn

solar paned on their roo$, new market players are starting to s@libxibility servicesand electric
vehicles(EV)are starting to appear on the roadall of these evolutions are impactirtge electric
systems, notably th®SOsnd the way theyperateand develp their gridsandare leading them to
adapt and innovate New policy objectives such as the European 2030 targets, and technology
developmens lowering the cost of renewable technologies and electric vehické drive these
changes further.

In order forthis shift towards a decentralised energy systenbeassmooth andefficientas possible
for all consumersadditionalcooperation and coordination betweesystemoperatorsis required This
cooperationmust be conducive tadhe development & new market playerand better servicesat

affordable prices,increasing choicéor consumers in the process

Public authorities aretarting to acknowledge thneed to foser better cooperation between system
operatorsly G KS a9y SNHE& wS3dz I GA2yY ONARRIS (2 HnHupE
Energy Regulators (ACER) highlighted-DSO cooperation as a pivotal step for the efficient
development of our electricity gridsThe Energy Union Communication 120 alscstressedhe need

for a coordinated power system, in order to increase security of supply, complete the internal energy
market and integrate renewables.

In this paper, EDS@aws a series of recommendations to improve cooperation for system jpignn
network user connection, system operatiodata managemenandmarket facilitation
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Keymessages

1.

10.

Being responsible fothe operational security and the quality of supplyfdats own networks

eachsystemoperator should be entrusted to monitorand interact withits own gridusers

1 DSOs should be thentities collectingdata from all of the usersconnected to their grid
(generators consumers and other DSO

91 If deemed necessargata from distributed generation and other users should be chandelle
from the users to the TSO, through the DSO control césjtre

1 One systemoperator should not interact directly with a grid user connected to another
network TSOshouldnot interact with customersconnecteddownstreamto DSCOnetworks

1 Procedures alonghese principles should be designed at national Iévetlistributed energy
resourcesDERanddemand side respons®GRcontrollability and congestion management.

TSOsand DSOs should define thgata they need from each otherand mutually agree othe
data models, data format and commication protocols to be used for exchanging this data.

System planning should be coordinated between the T&@ DSO More regular exchange of
simplified electrical modeal of the gridsand demand/generationforecasts between system
operators are needed.

TSOs and DSOs shoulefine togetherconnection requirements for grid user§uture revisions
of the Europearconnectionnetwork codes should be based on a joint 738D technical and
economic analysis.

To facilitak the integration of renewable energy sources (RBBJ customer connectiong SOs
and DSOs shouldkgularlyexchange and publish information regarding theivailablenetwork
capacityat the TSO/DSnterface.

For new significant grid users requiring connection to the electricity grid, a joint analysis should

be carried out by the DSO and TS$@ establish whetherconnecion to the transmission or
distribution gridis more appropriate Thisisalsoapplicableamong DSOws/hen chooigbetween
several DSO networks.

System security is a joint TSO and DSO responsiaditgychsystem operation network codes
and emergency plans should bjeintly designedby TSOs and DSOs.

DSOswill needto procure system flexibility servicesand oversee their effects on the grils a
first step,DSOs shdad investigate theconstraints andenefitsof systemflexibility servicesfor
their own system operatioandwork together with NRé&to adapt the neessary legislation

The procurement of services by TSOs (e.g. for balancing pulg)dsem users connected to
distribution grids shouldbe supervised byhe DSQat all stageswithout this,there is a risk that
a TSO actiooouldput the distribution networkQ @perational securityt riskand create a greater
threat to overall network stability.

All electricity markets will have to evolve to take into account distribati networks and the
location of generators and service providers.



1. System planning

In order to develop a weflnctioningand costefficient system,systemoperatorscollect structural
data on theirgrids and plan theifuture extension or renewalln the past,when generation was
centralised and a steady growth of electricity consumptbservedthisbusiness processassimple
Currently, with the vast majority of RES being connected to distribution networkswéhdess
predictableDER consumption andnore activeconsumers?2 NJ W LINPsyisteryf Spechtion by the
DSOs will increse in complexity. Both DSOs and $®{ be more interdependent to coordinate long
term systemplanning

The idea of procuringystem flexibility services, or offag flexible contracts to grid users instead of
investing in network capacitpeed to befurther evaluated and consistently tested B Osndshould
be integrated o system planning. As a first stejp,is necessary tanake information exchange
between systemoperatorsin different time horizonge.g. planning, operationd formal business
process.

Transparent exchange &drecastssystem developmengeneration and demand

Both transmission and distribution energy networks must be planneddastefficient mannerin
order to minimig the total cost for consumers. Emsurethe optionwith the maxinum socialwelfare

is chosenDS@, which have an extended knowledge of local graag] TS®@which have an overview
of the whole systemsnotably on the traditional bulk energy generation and transportation needs
shouldexchangenformation on their network development demand and generation forecast

Development of common simplified moslef the electridty system

For the purpose of system analysis and plannéygtemoperators can benefit from havirgccess to

a simplfiied electrical model of theinetwork thatallows themto simulatepower flowsaccurately To
speed up the system plaimg process, TSOs should get access to simplified models of the distribution
networks they are connected t&imilarly DS@shouldalsohave accest® suchtransmission network
models, allowing DSO® simulate electrical flows in thetransmission network(and distribution
networks they are connected }oGrid adaptations needed to connect new significant grid users could
be agreed faster, which would be beneficiatralind.

Example- German HE&ystems

In Germany, larger DSOs operatitigh voltage V) grids use saalledHEGfunctions in addition
G2 GKSANI Ot aaAxolrt {/!5! agadsSYyeo® 1 9h Aa |
and Optimst G A 2y Cdzy Ol A 2 ymestcdiculae Ky§temSstateSNRd@ppdrtthe control
centre operators. Their database d¢aims a complete model of the distribution systefine HEO
alsoprovides functions for system state forecasts, based on the integrati@omgumption and
distributed energygeneration forecast Besides measurements from the distribution syste

external dita is used to calculate the system status and produce accurate forecasts:
Observability area of the transmission system (current status as well as forecasts)
LYF2NXIFOGA2Y 2y (GKS OdzNNByd adl ddza | yR
Minimum generation of certain generators to sustain system stability as defined by the
(such generators must not be curtailed further than the defined value)
Data from decentralised generation
Observability area andurrent status and forecasts# downstream distribution systems




2. Connection

The connection process subject to specificequirements for users consuming and/or generatang

significant amount oélecticity. These requirements are set in orderdptimise the connection cost,

optimise the quality of supply ald @2 A R | y & Ay OA R SWith dewygesatidkhigherdzd S NI &
guantitiesof usersto connect (DEREY, DSGTSO cooperation in this areariscessanito efficiently

meet connection demandease the process and set appropriate requiremerttgat contribute to

overall network stability.

Common optimal conration requirements

As TS®and DSG® together operate the overall power system a first basic step toward better
coordination would be to defineonnection requiremergin commonas thiss common practiceoday

in severalcountries sgh as GermanyJoint assessment of connection requirements is necessary
when revisng thetwo network codesin the future.

Exampleg Network technologyforum (FNN)

The FNN is part dhe GermanAssociation for Electrical, Electronic & Information Technolog
organised as a board with its own staff and with more than 300 members from indu
manuacturers, network companies, and scientisi®ie main purpose of FNN is the developme

of technical codes for the interoperability and coordination of system operations in orde
maintain the eliability of the power system in a cesfficient way These codes are complemente
by guidelines and recommendationEhe FNN actively coordinates the interfaces with econo
questions, legal and regulatory topics. The interfaces with other infrastructures (e.g. th
network) and other standardisation bodi€@KEDIN) are also closeiyionitored

Commonoptimal connection point

TSOs andDSQ should also coordinateshena consumeror a generatorof a significant size interscto
connectto the grid in ordetto determine the optimal connection point for the applicant party and to
identify the possible impact on overall system operati@/hen the proposed connection point belongs
to the distribution network,and before granting access to the gritl may also be necessafgr the
TSOto analyse the impact on the transmission netwofk. the same way, then the proposed
connection pointdelongs to the transmission networthe DSO may need to analyse the impact on
its network.To ease that process, a common and regular assessment of thehgisting capacityat
the TSO/DSO interfaceould help project promoters toconnectto the network in such a way that
would minimise the need for furtharetwork developmentThiswill positivdy impact the consume a
bill.

Exampleg Publication of network capacity in France

The French TSO (RTE) and the FrencHIEFSIDF) have develtggethera public website illustrating
the existing and future network capacity of both transmission and distribution networks (a

HV/MV substations level) for distributed generation connection. Anyone can access the infor
on the available hosting capagiof the network before launching a new generation plg
development project. This tool has been developed for Heglel informative purposest does not
replace any of the steps within the existing official process for network connection granting.




3. System operation
In order toenable smooth market operaticend deliver the best possible service to consumers, system
operatiors have to becoordinated,avoidingoverlapping responsibilitiesetween TSOs and DSOs

Cascading responsibilities for system operation

With more decentralised generation and active users, network coordination cannot be managed
centrally anymore EDSQsupports a model based othe concept ofd O 3 B REWE L2 Y aAOATf A
where each systenoperator is responsible for its ownrgd and grid userslt means that asystem

operator canonly interact directly with the users connected its network, and that eeh system

operator collects data from its users and pass on relevant information to the upstream and
downstream system operators.

In this frameworkthe TSO is responsible for monitoring the overall system balance, monitoring cross
border power flows andnanaging the extra high voltage lines, which form the backbone of the
European grid, while DSOs operate the medium, low and, in some cases, high voltage distribution lines
and are responsible for voltage control and congestion management.

Whena risk or disturbanceo the electrigty gridis foreseenbut cannot be solved by market actions,
the system operator experiencing problenigs to influence the electricityflows by limiting
consumption or generatianThese ationsmust be controlled bythe affectedsystemoperatorsand
coordinated among partiet order to minimise disturbances for all network usaithen the system
operator cannot sol any issue on its own, it should be able¢guestthe supportof a DS(placed
G R2 ¢y a i NBanddag alloyeR voltage networkn suchcases, the systemoperatorrequesting
support should be in charge ofsessing and executilgje necessary measures its own grid, but
should passon call for supportto downstreamsystem operatorsConverselythe system operator
receivinga requestfor support shouldact onits own gridin the way it deems appropriateeport back
to the upstreanrsystemoperator, andif necessary, @sson a request for actiomo neighbouringsystem
operators

Grid users Grid users Grid users

E + +
4 + ¢

Communicatiorchannelsand direct interactions

Voltage controlgonstraint managementemote control of distributed generation

With more distributed generation, DSOs moreukgly encountersituations in whichvoltage control
andreactive powercontrol arerequired On the one hand, these alecalphenomenahat should be
managed by theDSQ on the other, actions takeon distribution networls should not create an



imbalance in the overall networlAs such,TS@ should not interact directly with distribution grid
users as thiscancreate local constraits that risk degenerahg into systemwide issues.

DS@ will need to interact directly with a usge.g. through flexibility market or a variable access
contrach) in orderto solve a local problerwhile avoiding unnecessarginforcemens. This type of
action should be coordinated to ondffect local userand not overall system stability.

For this reasongonstraint management and interaction with DER have to be carefutiyordinated

A recent studypresentedtwo suggestions for coordinating the management of DSO and TSO reactive
power needs: (1) the DSO procai@ service from grid users and delivers the required effechat
TSODSO onnection point (2) the TSO and DSO exprdssir needsand constraints taa common
market place operated by an independent market cqger. The latter could be a simple evolutioof

the current balancing/constraisimanagement markets.

Example- Frenchproject for PV and wind farm monitoring

In France, hie IPES platform has been develogedether byERDF (DSO) and RTEQin order
to help the TSO reach an adequate observability level of distributed generators connected
MV network. Measurement datiiom MV lineswith DERwind farms and PV plantare provided
by the DSO to the TSOQhe data correspond to the active power injection of distribute
generators derived on a 1 minute basis (with an accuracy related to measurement errors a
assumptions made to calculate the active power from therent measurement olines). Thedata

are used by the TSO for rdahe operation as well as to feddto a power production forecas
model, the results of which arsent back to the DSO ftine operation of its network. The forecag
data correspond to aive powerinjection forecast at 0:00, 06:00, 12:00 and 18:00, and for
following threedays.

Work isunderwayby ERDF to develop its own power production forecast for wind farms an
plants connected to its network.

Defence plan aneémergency operations

System defence plasand restoration schemes are maslef operationfor emergency situations, put
into actionto avoidpower interruptions andlackous, andto restore electricitywhere interruptions
were notsuccessfullyavoided In thesestates of emergencyclosecoordination is required between
all actorsplaying anactive part inthe defence and restoration schemég$SOs, largpower plants,
significant gid users and DSQs)

Allexistingemergency and restoratioactionsexecutedat distributionlevelare designedo contribute
to the distribution system stability and, thus, tbe overall system stable. They mughterefore,be
activated according to theurrentneeds.Asemergency toolsire connected to distribution netwosk
implementation and activatioshould be superviseand controlledby DSG.

Qoordination between TSOs and D3€ke cornerstone of system defence pkrsince large number
of actionswithin these plangake place in DSO netwoskn order to helpboth operators torestore
system balancePotential &tions include

19/ b k 9/ Ahe role bf D80Os in a Smart Grid environgent ! LINAf HAmMRD
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1 Automatic low frequency load sheddingctions basedn frequency relayand currently
implemented inprimary substationsto automatically disconnedV feedersat predefined
frequency settingand helpto preventfrequency collapse and widespread power outage

1 Rapid operation of emergendgols: TS@and DS@can agree on actiato be undertaken in
reaktime to stabilisethe systens. Schemes such as reduction of voltage on the distribution
side or onload tap changer blockinganbe implementedGood coordination is required both
in the design and activation phase

1 In cases olocalised outages in areas with flexible loads and DER<sanisolatethe part of

the network experiencing a faulf{islanding operation)thus maintairing electricity supply
elsewhere on the network

With the growth ofDERconnected to distributiometworks new actionsor emergency situations
could be required in the futurdor examplechanginghe active power sepoints of the largest power
plants connected to thedSOnetwork. As for the current emergency and restoration plans and
actions, anynew measures should be coordinateetween TS®, DSOs andenerators



4. Information exchangand data management

Theway in whichelectricity gric are manageds undergoingsubstantialchange with thegrowing
availabilityof data. New streams afiformationcoming from smart meters, energy services providers,
new automated grid equipment and sensan® progressivelyeachng DSOsTSOs are also collecting
more data from installations connected to transmission netwoikese datawill have to behandled
rigorously and cautiously to guarantee flawless market functioning, grid operatiortharmuotection

of grid user privacy.

Improved data exchange betwesystemoperators
For TSOs and DSOs this means #ugregatedinformation on their respectiveobservalility area
shouldflow smoothly from one tdhe other. At each stagéplanning, operation, emergencgyjetwork
observability will be key. Eadystemoperator will have toprocessaggregated data received from
upstream andlownstream, mege it with its own data and forward it. thisway, all systenoperators
will sharean overview of the network situation while remaining responsible for managing oair
grid in the most efficient way. More specifically,drder to react fast enougtotdynamic generation
and consumption pattern9SOs and TSOs will have to exchatiyee types ofinformation on grid
users
9 Data used for coordinated operation and control of the networks, close tothes
I Static dataused for mediurderm or longterm purposes ihanagement ofconnection
requests, planning)
9 Technical data for market operation: energy market, ancillary services markets, load shedding
market, capacity market

Moreover, secured telecommunicatios channelsmust be reinforced between the TSO red DSO
control centers for the activation of any actions (e.g. defence @pmand for the exchange of
information. These channels are already in place for the biggest DSR.gope, butwill have to be
extended In order to improve TSOSO cooperatignhefirst step will be to define what data is needed
by eachsystemoperator and how to exchange it (data model, data format, communication protocol).
Last but not least, the cost of data collection should not be underestimated.der @0 avoid a bill
increasefor final consumersdata communication requirements should be differentiated between
categories of useras small users are plentiful but individudigvea limitedeffect on system security.

Consumedata handling

Through smartmeters DSOs willreceive detailed information ongrid events and electricity
consumpton whichwill contribute to improvingcontrol and supervisioof LV, MV and indirectly HV
networks.Today in most countrieBSOsreentrusted to carry out a number of k@yocessesor retail
markets supplier switching, billing, settlementhe same dataeeded for these processes, as well as
the more detailed consumption data from smart metessl] be passed on tanarket parties (sppliers,
aggregators, energy services compang@sago offer innovative energy services, andl be usedoy
systemoperators for network planninglemand forecasand operation Due to the sensitivity of such
data, a regulated organisation such as theDSO should béept in charge of handling the data.
Example of neutral data management andanarket facilitation bya single DS® orgroups of DSQs
already exist and can be used asnodel for Europé.

2EDSO¢Data Management: The role of Distributiors®&m Operators in managing datalune 2014
9



5. Market facilitation

Already today, the DSO isreeutral market facilitator, entrusted to collect consumption data, to
manage the switching process, and contritouto the settlement process needefr the accurate
tracing of grid usergeneration and consumptiorilhese tasks will involve the processirfglarger
guantities ofdata in the near future, but will not change dramatically.

However, a the retail market ibecomingmore flexible, systemoperatorsmustadapt to the entry of
new marketplayersthat can affectprimarilythe operationsof distribution networks In this context,
the flexible resourcesonnected to digtbution networks could beused to addressTSOneeds
(balancingnetwork constrainty, DSO needévoltage control, congestion management)for market
purposes (portfolio opthisation) Irrespective of the servieeonsideed, DSOwill play a major role
in future market facilitation

Valdation of flexibility services, balancing services and congestion management

With new competitive players entering the retail market amelw services being offeredSOs will

have tovalidate thetechnical availability of flexible resources connected to its netwdrkorder to
guaranteeoperational securityand quality of supply to all consumerBhisis one of the early findings

of the ongoing FP7 evolvDSO project, which takes this one step further by considering that DSOs may
build on its validation and market facilitation roles by one day operating local flexibility méarkets
Validation should bearried out ovethree stages: pregualification ofthe flexible resource(in terms

of potential constraints on the distribution network), activationtbe resource, anatontrol of the

energy effectively consumed or produced st check).

Similarly to TS®today, DSOswill soon have an important role to play in congestion management

and balancingln current electricity markets, balance responsible parties (BBRp match expected
consumption with expected productiofhear portfolio can contain many network users, including
users equipped with DER, usually connected to the distribution grid. In order to bateiicportfolio,

BRR trade on the power exchange tcel expected surplus or buy extra energy if a shortage is
expected.At a certain point in the day, trading stops (gate closure time) and the TSO calculates
whether the energy flow resulting fromll planscan physically be channelled through the grid. When

a network congestion is expected, preventive measures must be taketndySOIn the medium

term, DSO will have to perform the same tasks in order to avoid congestion at distribution level.

With regards to balancingwhich starts éer the gate closure time the TSQs in charge oflispatching
extra generation or redung energyconsumptionif ashortage or a surplus of energyexpectedit is
now becoming important thatwhen the TSO procures extigeneration,congestiors are not created
at DSO level. Consequentlye DSO willalsohave to be involved foprequalifying, andprior to the
activation of services from balancingservice provides, and other flexibility service providers.

Flexibility markeenabler
The power system wiloonbe in need of differentypesof flexibility, especially at distributiosystem
level. Different options are possiblfor the use of flexibility: new regulation and grid codes, bilateral

3 evolvDSO¢D1.3- Preliminary assessment of thieture roles of DSOs, future markatchitectures and
regulatoryframeworks for network integration obORES = Wdzf € H A wmn
S@2t @5 { hBusinkss Wsk Gases Definition and Requirerelts Wdzf & H A MmN
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contractsand market creation. If the latter option is judged the most appropriatexibility services
could be offered oran intra-day or day-aheadbasis or offered and contractedn the longterm
through a call for tender. Their activation would depend on forecasts and contractual arrangements
(e.g. availability, provision capabilityyhich would require a strong coordinationwith market
participantsand between grid operators.

In thosecases, the DSGshould take on the role of flekility marketenablerand perform allnecessary
calculationgo create amerit order list, kefore selectingand activating the bestffers. Thiscould be
achieved through the creation of a market (or several markegsitralisingsystem flexibility services
based onbids Thismeansan appropriate mechanism is needed for procuring system flexibility
services This mechanism should includéocationd information for each bidas the potential
congestion or voltage issue encountered by the DSO will require action from a local service provider.

Dialoguebetween TSOs, DSOs and nationadjulatory authorities (NRAs) areeeded to coordinate
the use of @mand responsend distributed generatiorit the most efficient way. A similar reflection
should be made when storage comes to technical matufityis is a crucial step to ensure that
consumers are@ble to make the most of their own flexibility potential.

11



EDSO

EDSO for Smart Grids is a European assaociation
gathering leading electricity distribution system
operators (DSOs), cooperating to bring smart grids
from vision to reality.

www.edsoforsmartgrids.eu



