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Abstract:

The report aims to provide an overview of the existing standardization and regulatory framework at Europea
emphasizingn specific issues at local, national level, by assessing the existing condegfitiEuropean countries
The analysis referdo current national standards and regulations in force, from the perspective of facilitating
acceptance and utilization of the CROSSBOW products and solutions by the specific. nizaketson the existini
collaboration relationships between the maigtars of the standardization system, briefly presented in the rep
the CROSSBOW team developed a strategy to create an impact, using the products developed in theTirej
contributions to the standardization system obtained by implementing the tineed strategy can be grouped
follows: identifying the Technical Committees that are in charge of the activities of interest, creating awa
accessing as a member in at least one TC of interest, and elaborating guidelines for fast and eftieentathe
standardization system.

The CROSSBOW products and solutiorsstly interface with existing TSQrontrol ceners, where there are
established internationastandaras at the level of communication protocols, and EN‘ES®3tablished standard
govern the information exchange between the European TSOs.

CROSSBOW solutions are largely compatible with the relevant established standards. All partners involved in
development made significant effort to integrate (or at least make compatible) all the solutions into the e»
standards.

It should be noted that the durations of the activities included in the standardization process are much longt
those of the raearch innovation projectsThis characteristic of the standardization activity is of course in
accordance with the specific needs: it is recommended to analyze in great detail before establishing a new s
The rush is extremely unproductiven these conditions, even in case of a project with rather long duration

CROSSBOW, it is very challenging even to be able to start the standardization process by accessing one or
Recognizing this objective reasons EC is preparingto laugchteiS | NJ I yS¢é LINRPIANI YY ¢
new program is targeting the results of the projects similar with CROSSBOW, antbitusitin the standardizatior
issues only.
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EXECUTIVE BIMARY

The energy transition, determined by the increase of the share of renewable energy sources together with
the digitalization of the energy system, represents a process with a strong dynamic and major implications in
the activity of all energpperators: TSOs, DSOs or other categories of energy actors.

This context generates a series of technical challef@esafelyoperation of energy systems, but also new
products and services that allow both an adaptation and increasing interoperabilityteg@mlining the
activity of TSOs. Whether we are referring to the right answers and actions associated with technical
challenges, or whether we aim to implement new products and solutions on the specific market, the
standardization and regulatory framewoplays an extremely important role.

Accordngto CEN9 b 9[ 9/ > (GKS aidlFyRIFINR Aa | aR20dzySyidsz Sai
recognized organization, which provides, for common and repeated use, rules, guidelines or characteristics
for activities and their results, in order to obtain the optimal degree of order, in a gvény (.S E ( ¢

Standards are qualified recommendations developed by consensus between technical experts nominated by
stakeholders. The standards document the state of the art attiime of development.

Standards can be requirements for a particular item, material, component, system, or service. Other types
of standards may describe a particular method or procedure.

The role of standards and regulations associated withiadiystrial context is to ensure the right levers and
framework so that the proposed products and solutions can be effectively assimilated on the specific market
and follow a smoothly "go to market" process.

Deliverable 19.3 is intended to provide a comprrkive approach to the context of standardization and
regulation at EU level, with reference to the specifics of several European national markets, aiming to identify
and validate with stakeholders the most appropriate standards and regulatory measurdscedacilitate

the adoption and implementation of CROSSBOW products and solutions.

In the first part of the deliverable report, are presented the main actors involved in the activities included in
the standardisation system. Chapter 2 approaches theog@an level, while Chapter 3 approaches the
national level.

The next chapter presents the responsibilities of these actors and the working relationships that are currently
established. Based othis information a strategy for impacting the standardisati@ystem has been
developed in CROSSBOW project, and the main directions of action which are the foundatiostiEttddy,
aredescribed in the last paragrai Chapter.

Chapter 5 presents the contributions of CROSSBOW project to the standardigatiem,sand may be
summarized as follows:

T Identificationof the existing TCs whose activity amdponsibilitiesnay be impacted by the products
and findings of the CROSSBOW project.

1 Creatingawarenessegarding thepotential impact that products anfindings of CROSSBOW project
may have on the existing standardisation system.

Accessingne or more of the TCs of interest for CROSSBOW products.
Develop guidelines for a fast and effective impact on the existing standardisation system.

The lastchapter includes a summary of the most relevant aspects presented in this deliverable, repgrt
also be rememberedas conclusionsThe most important contribution are highlighted together with a
presentation of the contexin both standardisation and pasv sector.
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1 INTRODUCTION

1.1  Purpose of the document

Present deliverable report, in line with the GA provisia@is)s to the following

9 To present a series of specific aspectsannels in usand benchmarkgelated tothe standardization
activity in 8 Europeancountries (represented by partners in CROSSBOW projéatated in
SouthEast Europe, and at European level

1 Toidentify andpresent the standardization areas potentially impacted by CROSSBQcts
ascertaining the specific committees.

1 To present the achievementsbtained in contributing to the standardizatioms a result of
CROSSBOpYoducts and resultdissemination

9 To develop and present a best practice tising the standardization siem as a much focused and
effectivedisseminatiortool.

1 To define recommendation for further continuation (beyond the CROSSBOW project duration) of the
collaboration with thestandardization organizations.

Contribution to the standardization/regulatory tdty is crucial to keep the CROSSBOW products in line with

the best industrial efforts accepted worldwide, while also ensuring a good start for future applications of
proposed innovative technologies. This deliverable will show if the project work isctag by existing
standardisation activities or if it is influenced by a large set of standards (especially IEC), and if there is a high
volume of ongoing activity that shows the timely contribution of the CROSSBOW project to the efficient
transfer of eletricity regionally in thehigh shareof renewable generation.

As CROSSBOW solutions and products are considered to be part of the holistic energy solutions towards
increased control of exchange power at interconnection points, new storage solutions, enhanced network
observability with better ICT and Communicationsd austainable clean energies wholesale market, the
CROSSBOW activity for standardisation focused mainly on various aspects of these targets, with high
potential impact for orgoing and future standardisation activities.

The deliverable is structured irespect with all the assessments from national and international level
regarding the standardization context. Dedicated chapters are allocated for the national situation overview
where the CROSSBOW products will be deployed and demonstrated and the iféiah o the report will
showcase dedicated chapter for the international perspective (IEC andCENHELC) to make available to the
consortium relevant information from standards, technical specifications, regulatory decisions, experience
disseminated bydchnical bodies like IEEE, CIGRE etc., to ensure that the proposed solutions and products
(and demonstrated for the selected use cases) are feasible and in line with the general, international best
practices validated so far.

The strategy and actions restihg from it are presentedjogether with relevant events focused on
standardization, organizeduring the projectduration,and having potential for futureontinuation. Based
on the experience achieved in CROSSBOW, a guideline for promoting the prodilneisstandardization
organization, it is included.

1.2 Qutline of the document

The document is structureit order to fully answer to all purposes specified in GA

Chaptes 2 and 3 are presenting the structure of the existing standardization system at European level
(Chapter 2) and National level (Chapter B)e presentation at national leveicludesonly the countries
represented by partners in CROSSBOW projetshely Sout-East Europe.
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Next chapter (#4) includes a brief presentation of the strategy usedigseminationand promotion of
CROSSBOW products, to the relevant standardization organizationsCENENLEC and national
standardization authoritiesA more detailed pesentation of this strategis included in71]

The contributions of CROSSBOW project to the standardization are summarized in Chapédreghnical
Committees potentially impacted by CROSSBOW products are presented in this dbgpteerwith a brief
explanation of the impact evaluation. Alsbjg chapter includes description of the international events used
for disseminationand promotion of CROSSBOW products to the standardization organizations and
specialists, and guidelines for further (beyotia project duration) promoting CROSSBOW products and
results, for achieving existing standards updates or even new standards definition.

The last chapter is summarizing the most important aspects resulted from the activity performed in
CROSSBOW projetlated to the standardization activity area.

1.3 How to read this document

This deliverable reportis associated with the Task 19;Xontribution to standardizatioriThe actions and
approachare closely related with the information collected, and the results achieved in the ANR&n,
secureand flexible architecture, data privacy and standards / Task Stdndards and interoperable models.
In the early stages of CROSSBOW project, irrdnecivork ofWP3 has been performed a region&duth
East Europe SEE) survey with the objective to identify the existing structure in the standardizatiomatarea
national leve] andpotential differences between the countrie$he main results of thisissey are included

in the deliverable report D3.8 Standards and interoperable modetsijbmittedin January 2019.

The results included in the abowveentioned deliverable report have been implemented by the product
leaders in the design of the product imtacesto be fully operable at regional levé&ased on the information
collected during the deployment of thprototypes and during the implementation of HLUs, a set of
proposals for updating the existing standards have been drafthdproposalshave been refined and fine
tunnedbased on the final results and conclusions of the pilots.

In the framework of WP19/Task 1418 results included in D3.3 have been considered as a starting point in
the process of identification of the necessary updateghe first stage it was developed a questionnaire for
identifyingthe existing structures at national level, in the regiohe Thformation collected by means of this
guestionnaire are included in the Chapteg Bnalysis of standards framework at national level in SEE, of this
deliverable report.

Chapter 4¢ Strategy forDisseminatiorand Promotion of CROSSBOW Prodwiines the initial planning
for contacting the organizations mentioned in Chapt2i& 3. Inthese conditionsto propety understand
the proposals for standards update it is necessary to read the deliverable reports developed irg\Wdrde3
scale demonstratin activities of the integrated CROSSBOW ecosystem: Q1BRBOSSBOW integrated
ecosystem final demonstration, and D18.Data gathering during the demonstration activities.

The proposalsfor harmonization at regional level are developed in correlation with the information and
conclusionsresulted from the activity of WP & Business models and overcoming local barriers, and
WP 16¢ Scalingup and replication: Overcoming regional and gibbarriers.

The results and findings of thiask have beentransferredas input datato the WP18¢ Dissenination,
Communication and Cooperation Activities, and WP¢1Bxploitation, business innovation strategy and
contribution to standards / Task 19¢Exploitation activities and business innovation strategy
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2 RELEVANT INTERNATIONAL STANDARDIZATION

2.1 International Organization for Standardization

The International Organization for Standardization is an independentgoearnmental organization, the
members of which are the standards organizations of the 165 member countries. It is the world's largest
developer of voluntary internationatandardsand it facilitates world trade by providing common standards
among hations. More than twenty thousand standards have been set, covering everything from
manufactured products and technology to food safety, agriculture, and healthcare. ISO has beeiyofficial
founded back in 1947, including at that time 67 technical committees (groups of experts focusing on specific
subjects).

The current organizational chart of ISO is showetiérFigure2-1 below.

President’s Committee -P:

General Assembly

Council Standing Committees —bl
CSC/SP CSC/FIN CSC/NOM CSC/OVE i T
i‘" Council +— T™MB
Advisory groups ]
CPAG  ITSAG i T T
: Central Secretariat Technical Committees

]
Policy Development Committees =l

CASCO COPOLCO DEVCO
Figure2-1. ISO Governance Structure

The General Assembly is the overarching organ and ultimate authority of the organization. It is an annual
meetingattended by members and Principal Officers.

The 1SO Council is the core governance body of the organization and reports to the General Assembly. It
meets three times a year and is made up of 20 member bodies, th@tf&@rs,and the Chairs of the Policy
Development Committees CASCO, COPOLCO and DEVCO. The Council has direct responséaititglover
bodies reporting to Council:
1 ¢KS tNBaAaARSY(iQa /2YYAUGGSS FROAASA [/ 2dzy OAf 2y Y
1 Council Standing Committees address matters relatedirtance (CSC/FIN), strategy and policy
(CSC/SP), ngminations for governance positions (CSC/NOM), and have oversight over the
2NBFYATFGA2yQa 3I2FSNYFyOS LINIY OGAOSa o/ {/kh+x90d
1 ' ROAAaA2NE 3INRPdzLJA LINRPGARS |ROAOS 2y YI (&BNER NEF
information technology (ITSAG).
1 CASCO provides guidance on conformity assessment.
1 COPOLCO provides guidance on consumer issues.
1 DEVCO provides guidance on matters related to developing countries.

Membership to the Council is open to all member bodied rotates to make sure it is representative of the
members community.

The management of the technical work is taken care of by the Technical Management Board, which reports
to Council. This body is also responsible for the technical committees thastaadards development and
any strategic advisory boards created on technical matters.

D19.3 Contribution to Standardization 15



G—;Sbow CROSS BOrder management of variable renewable energies

and storage units enabling a transnational Wholesale market

ISO has formed two joint committees with the International IEC to develop standards and terminology in the
areas of electrical and electronic related technologies.

ISO/IEC Joint Technical Committee 1 (JTC 1) was created in 1987 to "develop, maintain, promote and
facilitate IT standards”, where IT refers to informaticechnology.[1]

ISO/IEC Joint Technical Committee 2 (JTC 2) was created in 2009 for the purpose of "standardization in the
field of energy efficiency and renewable energy souréed]

A standard published by ISO/IEC is the last stage of a long process that commonly starts with the proposal of
new work within a committee.

International Standards are developed by ISO technical committees (T&)lmsummittees (SC) by a process
with six steps:

Stage 1: Proposal stage

Stage 2: Preparatory stage

Stage 3: Committee stage

Stage 4: Enquiry stage

Stage 5: Approval stage

Stage 6: Publication stage

The TC/SC may set up working groups (WG) of eXjpettse preparation of a working drafts. Subcommittees
may have several working groups, which may have se@&ragjroupgSG). The details of the six abeve
mentioned studies are briefly presented in tfiable 21 below.

=A =4 =4 =4 -4 A

Stage Associated documen - Description
code Stage name Abbreviations Notes

00 Preliminary Preliminary work item PWI

10 Proposal New work item proposal

20 Preparatory Working draft or drafts

_ _ CD, CD Amd/Cor/TR/T
30 Committee Committee draft or drafts PDAMd (PDAMPDTR PDT

DIS, FCD, FPDAmMd, DA

40 Enquiry Enquiry draft (DAM), FPDISP, DTR, DTS (CDV in IEC
FDIS, FDAmd (FDAM), P

50 Approval Final draft PRF Amd/TTA/TR/TS/Sup
FDTR

60 Publication

) International Standard | 1SO, TR, TS, IWA, Amd, C
90 Review

95 Withdrawal

Table 21. Stages in the development process of an ISO standard

Theabbreviationsused in the table have the following definition:

PWI¢ Preliminary Work Item

NP or NWIR, New Proposal / NeWvork Item Proposal (e.g., ISO/IEC NP 23007)
AWI¢ Approved new Work Item (e.g., ISO/IEC AWI 15444

WD¢ Working Draft (e.g., ISO/IBZD 27032)

CD¢ Committee Draft (e.g., ISO/IEC CD 23800

=A =4 =8 4 A4
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FCLx Final Committee Draft (e.g., ISO/IEC FCD 2300

DI Draft International Standard (e.g., ISO/IEC DIS 14297)

FDIS; Final Draft International Standard (e.g., ISO/IEC FDIS 27003)

PRF;, Proof of a new International Standard (e.g., ISO/IEC PRF 18018)

IS¢ International Standard (e.g., ISO/IEC 13818)07).

NP Amd; New Proposal Amendment (e.g., ISO/IEC 1542804/NP Amd 3)

AWI Amd; Approved new Work Item Amendment (e.g., ISO/IEC 14492:2001/AWI Amd 4)
WD Amdg Working Draft Amendment (e.g., ISO 11092:1993/WD Amd 1)

CD Amd / PDAmgiCommittee Drafdmendment / Proposed Draft Amendment (e.g., ISO/IEC 13818
1:2007/CD Amd 6)

FPDAmMd / DAM (DAm@¥Final Proposed Draft Amendment/ Draft Amendment (e.g., ISO/IEC-14496
14:2003/FPDAMd 1)

FDAM (FDAmd) Final Draft Amendment (e.g., ISO/IEC 1382®07/FDArd 4).

PRF Amd (e.g., ISO 12639:2004/PRF Amd 1)

Amdc¢ Amendment (e.g., ISO/IEC 1381:2007/Amd 1:2007)

TR¢ Technical Report (e.g., ISO/IEC TR 19791:2006)

DTR Draft Technical Report (e.g., ISO/IEC DTR 19791)

TS¢ TechnicaBpecification (e.g., ISO/TS 16949:2009)

DTS Draft Technical Specification (e.g., ISO/DTS 1802

PA; Publicly Available Specification

TTAc Technology Trends Assessment (e.g., ISO/TTA 1:1994)

IWAC International Workshop Agreemei.g., IWA 1:2005)

Corg Technical Corrigendum (e.g., ISO/IEC 1382807/Cor 1:2008)

Guidec a guidance to technical committees for thesparation of standards

=A =4 =4 4 -4 -4 -4 -4

=

= =4 =4 =8 -4 -4 -4 -8 -8 -8 -8 4

It is possible to omit certain stages, if there is a document with a certain degree of maturity at the start of a
standardization project, for example, a standard developed by another organization. ISO/IEC directives also
allow the socalled "Fastrack procedure”. In this procedure a document is submitted directly for approval

as a draft International Standard (DIS) to the ISO member bodies or as a final draft International Standard
(FDIS), if the document was developed by anritdgonal standardizing body recognized by the ISO Council.

The first step a proposal of work (New Proposal) is approved at the relevant subcommittee or technical
committee, e.g. in the case dhe IEC 62443 family of standards at first glaloods asa result of the typical
standards creation procedure: national committees agreed upon a common standard, by submitting required
inputs to the IEC working groupidowever,before the working groups are setup and procure additional
inputs, there has been a lot of groundwork.

The first document that is produced, for example, for audio and video coding standards is called a verification
model (VM) (previously also called anisilation and test model"). When a sufficient confidence in the
stability of the standard under development is reached, a working draft (WD) is produced. This is in the form
of astandard buts kept internal to working group for revision. When a workingftds sufficiently solid and

the working group is satisfied that it has developed the best technical solution to the problem being
addressed, it becomes a committee draft (CD). If it is required, it is then sent tertteeri®ers of the TC/SC
(national balies) for ballotForexample,currently the family of standards IEC 62351 is under development
by TC 57. As part of this activity WP 15 is tasked with data and communication security.

The committee draft becomes final committee draft (FCD) if the numlbgrositive votes exceeds the
guorum. Successive committee drafts may be considered until consensus is reached on the technical content.
When consensus is reached, the text is finalized for submission as a draft International Standard (DIS). Then
the text s submitted to national bodies for voting and comment within a period of five months. It is approved

for submission as a final draft International Standard (FDIS) if d@hiwas majority of the Fmembers of the

TC/SC are in favour and if not more than @perter of the total number of votes cast are negative. ISO will
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then hold a ballot with National Bodies where no technical changes are allowed (yes/no ballot), within a
period of two months. It is approved as an International Standard (IS) if @hivets majority of the P
members of the TC/SC is in favour and not more thanaueater of the total number of votes cast are
negative. After approval, only minor editorial changes are introduced into the final text. The final text is sent
to the ISO centralesretariat, which publishes it as the International Standard.

2.2 International Electrotechnical Commission

The International Electrotechnical Commission (IEC) is a globdgrAatofit membership organization that

brings together more than 170 countries cawoordinates the work of 20 000 experts globally. Its main
mission is to prepares and publishes international standards for all electrical, electronic, and related
technologies, covering a vast range from power generation, transmission, and distribatitmonbe
appliances and office equipment, solar energy, batteries, storage and much more. IEC work impacts about
20% of global trade (in value) and looks at aspects such as safety, interoperpbitioymance,and the
environment for a vast range of techlogy areas, including energy, manufacturing, transportation,
healthcare, homeghuildings,and cities.

The current structure of the IEC is presented inFigure2-2 below.

Council (C)

qumittees
A

&
&

@é"é Council
§” Board (CB)
<

IEC
Geneva Office
The Executive

Executive
Committee
(ExCo)
|EC Officers

Standardization B
Management Board =
(SMB)

Management of international

standards Market Strategy Board
(MSB)

Technology watch/
market priorities

Strategic groups

Systems work

Technical advisory
committees

Technical
committees

|ECRE

Figure2-2. Current organizational chart of IESource: https://www.iec.ch/homepage)
The strategic objectives of the organization #re following:

1 Market and societal relevanceesponding effectively to market and society needs, bringing
together all relevant stakeholders, and providing innovative solutions to collaborate with other
organizations (international and regiorsthndards development organizations).
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1 Sustainable business modelkspiring trust in and worldwide use of the IEC brand, securing long term
stability through a diverse and sustainable revenue mix, and establishing strong legal foundations
for the entire bisiness model.

1 Flexible organizationachieving a transparent governance structure that addresses opportunities
and challenges, ensuring IEC work is relevant and used everywhere, representing all relevant
AyGaSNBadGga G Ittt S dmbstigaderslandBxpertsi G NI Ol Ay 3 GKS 4+
1 Agile operationsembracing new ways of working, creating flexil@é&jcient, and costeffective
processes and operations, and providing state¢he-art IT tools.

The IEC work considered in this deliverableoisiprising from approved standards together with their new
editions (in progress) together with the preormative activity, like technical specifications (TS) and technical
reports (TR).

The IEC activity is organized in several technical committees (kpattian a specific branch of electrical
engineering), a System Committees (integrative, holistic approach).

The standardization process take place in strict coordination with 1ISO (see the previous paragraph).
For the work in CROSSBOW, the most relev&halifivity is done bihe followingTechnical Committees

I TC& System aspects of electrical energy sup@gope: to prepare and coordinate, ingperation
with other TC/SCs, the development of international standards and other deliverables with emphasis
on overall system aspects of electricity supply systems and acceptable balance between cost and
quality for the users of electrical energfhe scope of TC8 includes, but is not limited to,
standardization in the field of terminology for the electricitypply sector, characteristics of
electricity supplied by public networks, network management from a system perspective,
connection of network users (generators and loads) and grid integration, design, and management
of decentralized electricity supply sgsts e.g., micrarids, systems for rural electrification. While
NBfeayd 2y SFFAOASYG IyR aS0OdzaNB RFEGE O2YYdzyA O
standards for communication with appliances and equipment connected to the electric grid or for
communication infrastructure serving the electric grid. TC8 is responsible for the maintenance of
basic publications (horizontal standards) on standard voltages, currents and frequencies ensuring
the consistency of the IEC publications in these fieldsco@&erates also with several organizations
active in the field of electricity supply such as CIGRE, CIRED, IEEE, AFSEC and IEA.

1 TC1Z Electrical energy measurement and contrécopestandardization in the field of a.c. and
d.c. electrical energy measurent and control, for smart metering equipment and systems forming
part of smart grids, used in power stations, along the network, and at energy users and producers,
as well as to prepare international standards for meter test equipment and methods.

 TC21¢ Secondary cells and batteriesScope:to provide standards for all secondary cells and
batteries related to product (dimension and performance), safety (including marking and labelling),
testing, and safe application (installation, maintenance, operatiorgspective of type or
application or configuration (hybrid, stand alone, moduldpin applications include automotive
(car, motorcycle, truck) for starting, lighting, ignition, start/stop, industrial (telecom, UPS, reliable
power supply and tractionkglectrical vehicles (full electrical vehicle, hybrid car, bicycle), portable
(computer, tool, lamp), onboard batteries (aircraft, railway, ship, motorhome), energy storage
(renewable, ongrid and offgrid). All electrochemical systems are considered aghead acid,
Nickel based (NiMH, NiCd) and Lithium based. New battery technologies and chemistries such as
flow batteries and High temperature batteries (e.g., sodismtphur, sodium nickel chloride) are
included. The work is shared between TC21 8G@1A according to technologies and applications.
For standardization of applications and system integration, TC21 is cooperating with the responsible
Committees, TC9, TC34, TC69, TC82, TC105, TC116, TC120 and ISO TC22/SC21.
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1 TC57¢ Power systems managemerdnd associated information exchangecopeto prepare
international standards for power systems control equipment and systems including EMS (Energy
Management Systems), SCADA (Supervisory Canid®@ata Acquisition), distribution automation,
teleprotedion, and associated information exchange for riéiade and nonreaktime information,
used in the planningyperation,and maintenance of power systeni3ower systems management
comprises control within control centers, substations and individual pietgsimary equipment
including telecontrol and interfaces to equipment, systems, and databases, which may be outside
the scope of TC 57. The special conditions in a high voltage environment must be taken into
consideration.

I TC85¢ Measuring equipment for &ectrical and electromagnetic quantitiesScope: to prepare
international standards for equipment, systems, and methods used in the fields of measurement,
test, recurrent test, monitoring, evaluatiogeneration,and analysis of steady state and dynamic
(including temporary and transients) electrical and electromagnetic quantities, as well as their
calibrators.Such equipment includes devices for testing the safety of power distribution systems
and connected equipment, devices for monitoring the power distion systems, electrical
measuring transducers, signal generators, recorders together with their accessories.

I TCi12(; Electrical Energy Storage (EES) Systeé®nspe: investigates system aspects and the need
for new standards for EES Systems focusingystem aspects on EES Systems rather than energy
storage devices his TC investigates system aspects and the need for new standards for EES Systems,
also focuses on the interaction between EES Systems and Electric Power Systems (EPS).
Furthermore, the scpe of TC 120 is to prepare normative documents dealing with the system
aspects of EESSyste@2 NJ ¢/ mHnX G3IANARE AyOfdzRSa |yR Aa y?2
grids, distribution grids, commercial grids, industrial grids, residential gsidsdied grids, MUSH
(Municipal/Military, Utilities/Universities, Schools, Hospitals) grids, ICI (Institutional, Commercial
and Industrial) grids. EES Systems include any type of grid connected EES Systems which can both
store electrical energy from a grigt any other source and provide electrical energy to a grid. By that
feature it maintains the balance between electrical energy demand and supply over a period of time.
TC 120 considers all storage technologies as long as they are capable to store #@uhaogd
electrical energy. (Energy storage itself is not in the scope of the work.).

2.3 European Committee for Standardization, European Committee for Electrotechnical
Standardization, and European Telecommunication Standards Institute

CEN andCENELEC are international fmofit associations. They are officially recognized as European
Standardization Organizations (alongside ETSI, the European Telecommunications Standards [Fiséitute).
close collaboration between CEN and CENELEC was caesblitiéhe start of 2010 by the creation of a
common CENCENELEC Management Centre (CCMC) in Brussels.

By setting common standards that are applied across the whole of the European single market, CEN and
CENELEC ensure the protection of consumers, faeittt@ssborder trade, ensure the interoperability of
products, encourage innovation and technological development, include environmental protection and
enable businesses to grow. Products and services that meet these European Standards (ENs) cawl be offere
and sold in all of the participating countries.

Nowadays CEN and CENELEC bring together the national standards agencies of 34 countries. The currently
existing network involves business federations, commercial and consumer organizations, environmental
groups and other societal stakeholders. More than 60,000 technical experts from industry, research,
academia and other backgrounds are directly involved in our work.

Together, CEN and CENELEC provide a platform for the development of European Standathderand o
technical specifications across a wide range of sectors. They work closely with the European Commission to
ensure that standards correspond with any relevant EU legislation, and with ISO and IEC to reach agreements
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on common standards that can be aigdl throughout the whole world, thereby facilitating international
trade.

The European Standardization System is unique in the world. After the publication of a European Standard,
each national standards body or committee is obliged to withdraw any ndtgtaadard which conflicts with

the new European Standard. Hence, one European Standard becomes the national standard in all the 34
member countries of CEN and/or CENELEC.

The main objectives of these organizations are:

1 To provide voluntary European Stamda and related products and services for the benefit of
business, consumers and other standards users in Europe.

9 To provide standards driven by business and made through a transparent, balanced and censensus
based process in which relevant stakeholdeesiavolved.

1 To produce higlguality standards for products and services that incorporate quality, safety,
environmental, interoperability and accessibility requirements.

1 To adapt proactively to new developments and support European competitiveness,dtezon
of the environment and sustainable growth for the weding of citizens and the strengthening of
the single market (European Economic Area).

CEN and CENELEC each have their own respective governance bodies: General Assembly, Administrative
Board,Technical Board, Advisory Bodies and Technical Bodies.

The two European Standardization Organizations have created a joint structure to facilitate cooperation on
strategic matters that are of common interests: the GERNELEC Presidential Committee.

The arrent organizational structure it is presented in tRgure2-3 below.
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Figure2-3. CEN; CENELEC organizational ch@burce: https://www.iec.ch/homepage)
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Standards are developed and defined through a process of sharing knowledge and building consensus among
technical experts nominated by interested pgad and other stakeholdersncluding businessespnsumers,

and environmental groups, among others.

¢CKS F2NXIf RSTFAYAGA2Y 2F | aldlyRFNR A& | GR20dzyYSy
body, that provides, for common and repeated ugsdes, guidelines or characteristics for activities or their
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The process for developiregeuropean standard it is briefly presedtan theFigure2-4 below.
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Standards provide the knowledge that P dards are by national experts.
organizations need to succeed, and deliver it They can represent service providers,
in an easy way. Service set manufacturers, consumer organizations and regulators of a
out terms and definitions, benchmarks for service or manufacturing sector. The use of European
assessing service performance, _ standards contributes to creating new quality jobs,
requirements on service provision of 0n improving consumer protection, improving quality and
qualifications and competences of performance of service providers as well as fostering
professionals. cross-border trade.
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Figure2-4. The process for developing and European standé®durce: https://www.iec.ch/homepage)

The complete list of CENENELEC standaiddorce nowadays is presented in SEGCG/M490/G Smart Grid
Set of Standards Version 4.1, issued by CEMENELEETSI Coordination Group on Smart Energy @ti@s
SEG), idanuary 8, 2017[1], In line with the beforementioned document, the areas of interest for the

CROSSBOW products are the following:
1 Generation management systems
1 Transmission
9 Distribution
T Market,
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I Administration
9 Crosscutting.

2.4 Institute of Electrical and Electronics Engineers

With collaborative thought leaders in more than 160 countries, IEEE SA is a leading cobsddsgs
organization that enables the creati@md expansion of international markets and helps protect health and
public safety. The IEEE SA platform is open to people and communities from around the world working at
every stage of technological development. The development and use of rmaiketnt standards is
important as prevalent as everand so are new market and industry needs and drivers. To meet these needs
and expectations, IEEE SA has grown to include a variety of services that encompass the full lifecycle of a
standard, including prstandardization activities, conformity assessment, alliance management and many
other offerings.

IEEE is leading the development of industry standards to serve the functionality and interoperability of
products and services, transforming the energy sector throworldwide collaboration and solutions. The
technical specifications for, and testing of, the interconnection and interoperability between utility electric
power systems (EPSs), distributed energy resources (DERS), storage systems, enhanced mysti¢onsg s

are main topics of interest for various IEEE standards. The practical approach in terms of standards will
provide requirements relevant to the performance, operation, testing, safety considerations, and
maintenance of the interconnection, subjectioferest from CROSSBOW perspective.

The main objectives of the IEEE standards are the following:

1 Enhance Global Reacltultivates collaboration and helps to mobilize people from diverse
backgrounds and industry sectors in a unique bordedemsdardization paradigm to develop market
relevant open standards and solutions that go beyond standards.

1 Get a Direct Connection to Industhy participating in IEEE SA global standards development and
related programs, get connected to expertgsour@s, and informatiort empowering him with
advanced insights into market requirements, needs and trends for a competitive edge.

1 Pave New Pathsnembers of the growing IEEE SA community create new market spaces and enhance
existing ones, and work to proactiyeimprove how standards are developeded,and innovated
upon to benefit end users in the marketplace and benefit humanity.

1 Contribute to the Building Blocks for a Sustainable Fuglobal, open standards play a prominent
role in our lives. They aredhunseen force behind innovation, serving as building blocks for a better
world. By being part of IEEE SA and its programs, one help make technologyteaifgrerable and
sustainable for the future.

IEEE SA is governed by the Board of Governors (BauGre elected by IEEE SA Members. The Board of
Governors oversees number of committees that are dedicated to managing key operational aspects of the
IEEE SA. The IEEE SA Standards Board reports directly to the BOG and oversees the IEEE standard
developmeant process. Standards Board members are elected by IEEE SA members as a privilege of
membership, and all Board Members and Committee members must be IEEE SA members in good standing.

The IEEE SA standards development process is open to members ameémdars, alike. However, IEEE SA
membership enables standards development participants to engage in the standards development process
at a deeper and more meaningful level, by providing additional balloting and participation opportunities. IEEE
SA members arthe driving force behind the development of standards, providing technical expertise and
innovation, driving global participation, and pursuing the ongoing advancement and promotion of new
concepts.

When a proposal comes before an IEFEStandards Sponsmwncerning a standards development project,
the Sponsor may form a Study Group to examine the proposal. Study Groups are formed when enough
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interest has been identified in a particular area of study. If the proposal merits formation of a project, the
Study Group will draft a Project Authorization Request (PAR) for consideration by the Sponsor. The draft PAR
may recommend either the entitpased or individuabased standards development process for the project.

Any IEEESA Standards Sponsor, except for tIRBEESA Corporate Advisory Group may support individual
based or entitybased Study Groups. The IElACorporate Advisory Group may support edtigged Study

Groups either jointly with another IEESA Standards Sponsor or independently when another-82EE
Sponsor cannot immediately be determined.

IEEE SA also engages and collaborates with global, regional, and national organizations from around the world
to ensure the effectiveness and high visibility of IEEE standards within IEEE and the global cpmmunit
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3 ANALYSIS OF SYSTEM OPERATION AND STANDARDS FRAMEWORK AT
NATIONAL LEVEL IN SEE

This section will provide a detailed analysis ofrtaéional standards in each country where CROSSBOW trials
will be deployed.

It has to be mentioned that the structure tifie activity and thecollaborationdevelopment is a little bit
different from country to country, therefore the contents of the paragraphs are different.

3.1 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN BULGARIA

Bulgarian TSO (ESO EAD) is responsible for the common operational planning, coordination and control of
the Bulgarian power system and its parallel synchronous operationneitfhbouringsystems. Its purviews

also include transmission grid operation (400, 220 kV and 110 kV), maintenance and reliable functioning,
auxiliary network servicing, as well as maintenance and repair services in the energy sector. It also manages
the power flows through the national grid and runs the electricity market. The lertigkh of the transmission

lines is nearly 15,000km and through these lines 295 substations are connected with total installed
transformer capacity of 33,712 MVA. The table below shows these values distributed among different voltage

levels.

400 KV 2,419 15 10,352
220 KV 2,837 17 7,160
110 KV 9,471 263 16,200
TOTAL 14,727 295 33,712

Table 31. Bulgarian power system

In relation with the crosborder interconnections, the power system of Bulgaria has available 13-cross
border connections at different voltage levels (9 connections at 400 kV and 4 connections at 110 kV) with all
the neighbouringcountries (4 connectiongith Romania, 3 connections with Republic of Serbia, 1 connection
with Greece, 2 connections with Turkey and 3 connections with Republic of Macedonia).

TheTable 32 shows the installed capacity and energy production mix of the country, by various teghe®lo
available at the moment. Total installed (including distributed generation) and available to the market gross
generating capacity is around 12,000 MW and the production of power plants varies from 40 to 50 TWh/year
depending mainly on export needsthme Balkan region.

. Installed capacitie§ Gross generation
Generation type
MW Mwh

Nuclear 2000 16 559 377
Thermal - total 5710 21 253 048
Hydro 3211 3 380 036
Wind 701 1490 765
Photovoltaic 1059 1252619
Biomass 77 351191

Total 12 758 44 287 036

Table 32. Bulgaria Installed Capacity and Energy Production
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The geographical map, displayed in figure below, shows the main substations, transmission lines and power
plants. The transmission grid is connected wagiighbouringhetworks through the interconnectors on 400kV
voltage level and interconnectors on volabpvel 110kV (operated temporarily in island mode).

Tintareni (Romania) Stupina (Romania)

Zajecar
(Srbija) Tintareni (Romania)

Nis (Srbija)

vrla
(srbija)
Stip
(Makedonija)
|
Kriva Palanka eshtera i ra" \
(Makedonija) ovin A jwee  Jenep
Hamitabat \ 9 Y,
(Turkey) e S pwee Bnee
Hamitabat
i) (Turkey) 400 KV Transmission line
(skedooks) 220 kV Transmission line
N. Santa (G ) ;:(;;ll[;r;mm&sm line

O
Thessaloniki (Greece) 400 kV line project

Figure3-1. Bulgarian power system

In compliance with EU third energy package provisions, the ownership of transmission network assets was
transferred in the beginning of 2014 from the Public supplier to the transmission system operator way past

the deadline. Because of that expected change, th@wxer was not interested in strengthening and
development of the transmission network, inclugiRES penetration as a general concept. As a result, each
woO{ AyaulfttriArazy gla O2yySOGSR |G GKS ySINBad | g
ASNIBSRéd CAylLftfes GKS ¢{h gl a F2NOSR drewhénlispeiific O dzN.
fAySQa GKSNXIf fAYAGA 6SNB NBIFIOKSRd . STF2NB (GKS Sy
development and avoid further curtailment of RES generation.

There are three DSOs operating medium and low voltage networks inrButgaering the territory shown

on the map below.

Figure3-2. DSOs in Bulgaria

The Bulgarian Institute for Standardization (BDJpis the national executive body for standardization in the
Republic of Bulgaria. BDS develops, accepts, and approves Bulgarian standards, participates in the work of
international and Europeaarganizations for standardization, as its main target is to defend the Bulgarian
interests in that sphere.

National regulatory authority is Energy and Water Regulatory Commission (BYRiGat is responsible
about all regulatory issues and market monitoring.

3.1.1 Systems aspects for electrical energy transmission

System adequacy index (SAIEQLP) is the basic standard for security of supply defined in Energy Act.
Techncally, it defines required level of cold (strategic) reserve to solve stress events. It is based on the price
of reserve procurement, expected energy unserved and value of loss load. The equilibrium between reserve
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procurement cost and potential social dages defines the cold reserve level. Based on stochastic RES

production and smoothing effect (by region and type) additional frequency restoration reserve is calculated

to mitigate renewables impact (minutes) on power system balance. The main reserves levels are defined
according tonetwork code and SAFA (ENTSO

On distribution level, the main metrics for quality of supply are SAIDI and SAIFI. EWRC monitors on yearly
bas these metrics and their performance has impact on networks fees.

The priority of RES network connection is regulated according to RES Act and Connection code.

RES production of installations above 1 MW is market based through power exchange and beldw 1 M
priority production based on feed in tariff scheme is applied. RES production can be curtailed as a last
measure to keep security of supply according to network code.

3.1.2 Renewable energy sources connection and operation at country lev@kidintegration of
Renewable Energy Generation

Excerpts from the Bulgarian Network Code:

Producers of electricity from renewable sources connected to the transmission and distribution grids are
obliged to comply with the following technical and regime requiesns:
1. RES are obliged to provide and coordinate with the operator of the respective electricity network to
which they are connected, the technical parameters of the main electrical equipment which they
intend to install and connect to the network.

2. Upon comection of RES to the transmission network, the si@ptransformers must be able to
regulate the voltage under load in a range agreed with the operator of the electricity transmission
network.

3. RES operation in island mode is not allowed.

The admissible Mtage asymmetry caused by RES at the place of their connection is: 2.0% in the
transmission network and 3.0% in the distribution networks.

5. The admissible level of harmonic distortion caused by RES at the place of connection is: THD <= 3%
in the transmissin network and THD <= 8% in the distribution networks.

6. The permissible oscillations (flicker), which RES can introduce at the place of connection are: Ps t <=
0.8, PIt <= 0.6 to the transmission network and Ps t <= 0.9, PIt <= 0.7 to distribution networks

7. RES power factor at the place of connection to the electrical network must be at least in the range of
0.96 (CAP) ...1...0.94 (IND)

8. RES must be equipped with frequency protection to disconnect them from the electrical grid in case
of frequencydeviation outside the range of 47.5 Hz ... 50.3 Hz, with a time delay of 0.2 s.

9. Automatic resynchronization of RES to the transmission network is not allowed, following an
automatic disconnection by frequency protection; such resynchronization can bedaui only
after explicit permission from the transmission system operator.

10. RES must be involved in the voltage regulation at the point of connddtithe electrical network in
accordance with its technical capabilities and in accordance with the exgaints of the operator
of the respective electrical grid; when RES is technically incapable to participate in voltage regulation,
it is necessary to install additional compensating devices described in the contract with the operator
of the relevant electgal network.

11. The quality of the electricity produced by RES must correspond to BDS IEG262@0@ BDS EN
50160; when the produced electricity does not correspond to the quality criteria, the network
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operator shall have the right to terminate accesshaf respective producer to the electrical grid; the
network operator does not owe compensation to the RES in this case.

12. In case of bottlenecks in the transmission capacity of the electric network and danger of damage, the
operator of the respective networkas the right to limit the generation of RES, including complete
disconnection from the power grid; the network operator does not owe compensation to the RES in
this case; at the request of the RES the operator of the respective electrical network grovide
information on the reasons that led to generation constraints.

13.In case of difficulties to maintain the balance between supply and demand in the electric power
system (critical balance of significant reduction of consumption) the transmission networ&toper
has the right to limit RES generation by types of technologies, including disconnection from the grid;
the transmission system operator shall not be liable to compensation of RES in this case; messages
about the imposed limitations in the generatiod BES, the transmission system operator shall
publish on its website;

14. RES must allow shaterm decrease and increase of voltage values without being disconnected from
the grid as follows:

1 voltage drop below 50% Un for up to 0.7 s.
1 voltage increas@ebove 120% Un for a time up to 0.7 s.

15. RES must have communication links and exchange information in real time with the operator of the
respective electrical network.

16. For supervision of théulfilment of the abovementioned requirements the operator of thedectrical
network has the right to install and maintain at its own expense specialized measuring devices
(recorders or networlanalyser¥ for analysingand evaluating the disturbances introduced.

17. RES connected to the transmission network need to providéhé operator technical data in a
format allowing accuratenodellingof the power station for computational purposes (calculation of
short-circuit currents, load flow analysis, flow distribution, dynamic stability study).

18. Connection to the transmission dmlistribution grids of wind power plants with constant speed and
asynchronous generators with squirrel cage rotor shall not be allowed. Already connected units of
such type can remain in operation until their service life is exhausted.

3.1.3 Relevant regulatoryframework and codes for RE&nnection in transmission networks.
Regulatory framework for REEBnnection is defined in RES Act, connection code and network code.
3.1.4 Battery Energy Storage System

The regulatory framework (connection and operation) is undaredopment concerning batteries. There are
not still such installations connected to the transmission and distribution networks.

3.1.5 Electrical Energy Storage (EES) Systems

According to network code, all pumped hydro energy storage (PHES) generators shigdidowith an
excitation system assuring continuous operation at rated excitation of the synchronous generator under limit
operating mode for the particular power plant.

The excitation system shall provide capability for increasing (boosting) of the excitation current and voltage
of the synchronous generator as follows:

1. For hydraulicturbine generators 25 MVA or less: least common multiplicity 1,5/minimum time 10
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2. For hydraulicturbine generators more than 25 M\Weast common multiplicity 1,8/minimum time
20s

The boost parameters shall be achieved with voltage at the generator terminals in the range 80% to 120% of
the rating and frequency in the 47,0 €53,0 Hz rage.

The variation rate of the synchronous generator excitation voltage shall not be less than 2 p.u./s taking as
basis the excitation voltage at rated synchronous generator load.

All PHES generators with electrical power more than 5 MVA shall be equipihean automatic excitation
control. The automatic excitation regulators shall assure voltage sustaining at the generator terminals within
the following precision limits:

1. for generators up to 25 MVAminimum £1%.

2. for generators over 25 MVAminimum = 0,5%

The automatic excitation regulators shall assure the capability for compensation of a voltage drop in the main
transformer as well as stable reactive power distribution among the synchronous generators connected to
common buses. The automniatexcitation regulators shall be able to limit the minimal excitation, the
maximum rotor current, maximum reactive/idle stator current of the synchronous generator. The automatic
excitation regulators of PHES generators with electrical power more thavi\2s shall have a circuit for
stabilization of its operation during synchronous fluctuations (system stabilizer) with possibility for
adjustment of the stabilizer parameters. The systems for automatic excitation regulation of generators
designed for partigiation in power system restoration after major accidents (water and gas turbines), shall
be able to regulate the voltage upon initial excitation of the synchronous generator in the absence of an
SEGSNYyLt a2dz2NOS 2F [ f GSNIOHGEA AH I HAOE TKST 2 NMairR2dza & O
synchronous generators with more than 25 MVA power shall provide possibility for control at a higher
hierarchical level through connection to an excitation ganged control system.

All PHES units with eleical power more than 5 MVA shall be equipped with systems for automatic
adjustment of the turbine rotation speed and active power. The systems for automatic regulation of turbine
active power shall provide a possibility for adjustment of minimum and maxi active power limits of the
synchronous generator during operation in parallel with the power system, depending on the turbine
features, in the 0%110% range. The systems for automatic regulation of turbine active power shall provide
a possibility fomaintaining the active power assigned to the generator within the following precision limits:

1. For units not exceeding 25 MWminimum +2%.
2. For units over 25 MW, minimum * 1%

The systems for automatic regulation of turbine rotation speed shall pravipessibility for equalization of

the synchronous unit frequency to that of the power system before putting the generator into parallel
operation with precision £ 0,1%. The systems for automatic regulation of the power and rotation speed of
turbines of cpacity exceeding 25 MW shall be able to switch over from power regulation mode to speed
regulation mode upon disconnection of the generator from the network without triggering the overspeed
protection.

The systems for automatic turbine speed regulatiomlkiprovide a possibility for speed limitation and
overspeed protection of the PHES unit with capability for adjustment within the range from 104 % to 130 %
of their rated value.

The systems for automatic turbine active power regulation of PHES unignddsior participation in the
secondary load and frequency control of the power system shall provide a possibility for-higtechical
level variation of the assigned active power. The systems for automatic turbine speed regulation of units
designed fo participation in power system restoration after accidents (PHES turbines) shall provide a
possibility for independent operation mode of the synchronous generator with isolated load (island mode)
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and for resynchronization where controlaffectedafter a modified static or astatic characteristic. Transition
from the assigned static characteristic to another static or astatic characteristic shall be done:

1. Dby criteria built into the regulator (upper or lower frequency limit, frequency or load tranaate);

2. by the power plant operator using a contiay.

3. remotely, by means of a telesignal from the dispatching center or depending on the condition of the
switching equipment.

The systems for automatic turbine speed regulation of units designegddicipation in power system
restoration after major accidents (water and gas turbines) shall provide a possibility for acceleration and
f2FRAY3 Ay GKS 1 06aSy0S 2F Fy SEGSNYIFE FfGSNyYyFdAy3
All abovementioned requirements are tested before commissioning of PHES. The projection of PHES should
be certified by Ministry of environment concerning environmental impact issues and after public consultation
process.

3.1.6 Power systems management and associated informatmsxchange

Based on RES Act all installation above 200kW should transmiimeadiata concerning their active power
output. Then, the information is transmitted from DSOs to TSO, if the installations are connected to
distribution gird.

The biggest RBB&ansmitsreal time information to TSO that includes active/reactive power, voltage level,
meteorological data (wind speed and directiteynperature,and solar irradiance) and the position of circuit
breakers. OPGW network of TSO is used for these purp@sgsmunication protocols are IEC 60&¢0
10l1land IEC 60870104 for data acquisition from substations. ICCP protocol for SCADA communication is
used between dispatching center andighbouringTSOs (real time data exchange).

3.1.7 Electrical energyneasurement and control

Based on Measurement rules, static meters should be installed for all connection points of market
participants that operate on free market (power exchange)-li@a reading of the measurements should be
on place.

All consumers orolwv voltage level should be equipped with meters, but smart meters are still not enough
deployed.

Overfrequency protection is applied to RES, according to the network code:

Disconnection of photovoltaics and asynchronous/induction generatbmsn the

50.3 Hz, 0.2s .
transmission network

Disconnection of wind, biomass, simple and combined cycle gas synchronous ger

0.3 Hz, 2s from the transmission network

3.1.8 Measuring equipment for electrical and electromagnetic quantities

Electrical quantities are meased by meters and instrument transformers. PMUs are used only-posi
mode for analysis after the events.

3.2 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN GREECE

The electricity markef4] in Greece is undergoing a fundamental transformation implementing the EU Third
Energy Package, the Target Model, organizing the Energy Exchange and complying with the obligations
imposed by its Economic Adjustment Programmes. ti€¢&yms are being introduced aiming to enhance
competition, remove significant distortions in the market, and modernize the electricity network
infrastructure. The current legal framewo|] entails:
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Exchange, (the Energy Exchange law).
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Operation Code (OJ B 103/31.01.2012) and its rulebooks, the Electricity Supply Code (OJ B 832/9.4.2013),
FYR GKS [AOSyaAay3d wS3dzZ FGA2y F2NJ 9f SOGNROAGe { dzL
production an older Licensing Regulation of 2000 still applies (OJ B 1498/8.12.2000). In order to support the
Energy Exchange, some of these codes are currently being amended while several new are expected to be
enacted in 2020.

TSO

The Greek Independent PewTransmission Operator S.A. (IPTO S.A./ADMIE S.A. as per its Greek initials) was
established in 2017 in compliance with Law 4001/2011 and Electricity Directive 2009/72/EC and performs
system operation maintenance and development services for the sdieeet and reliable electricity supply

of the country. In 2017, IPTO S.A. adopted the OU model due to changes in its ownership structure, that is,
from 100% Public Power Corporation S.A. (PPS) unit to 51% ADMIE SYMMETOCHON S.A. (Energiaki Holding
25% DB ADMIE S.A. and 24% STATE GRID EUROPE LIMITED (SGID). Finally, the certification of IPTO S.A. ur
Article 11 of the Electricity Directive (certification of TSOs in relation to 3rd countries) was issued in the
475/2017 of 24 May 2017 Opinion of the Eueam Commission taking into consideration Regulatory Energy

I 3Sy0eqQa ow! 90 OSNIATAOFINGAZ2Y RSOAEAAZ2Y HCTKHAMT D

The transmission systeicludes:a) High Voltage Lines, b) Cré&wrder Interconnection Lines, and c) the

total facilities and equipment necessanr the uninterruptible flows of electricity and security of supply into

High Voltage lines of 150kV to 400kV. The total length of the Greek electricity transmission system is 16.752
km (11563 km of 150kV + 4739 km of 400kV + 450 km of interconnection TinesPublic Power Corporation

S.A. (PPC S.A./DEI S.A. as per its Greek initials) is the owner of the Greek electricity distribution system which
includes: a) the lines of Medium and Low Voltage and few High voltage lines which are part of the distributio
system, b) the total facilities and equipment necessary for the uninterruptible flows of electricity and the
security of supply into Medium and Low Voltage lines, in Greece and c) the lines of tir@ereonnected

system of the islands.

DSO

The Helleit Electricity Distribution System Operator (HEDNO S.A./DEDDIE SA as per its Greek initials) was
formed by the separation of the Distribution Department from PPC S.A. in accordance with Law 4001/2011
and in compliance with the Directive 2009/72/EC EU amdsponsible for the development, operation and
maintenance of the Hellenic Electricity Distribution Network as well as the Power System and Market
Operator for the Norinterconnected Islands of the country. HEDNO is obliged to present unbundled financial
statements (Balance Sheets and Profit & Loss Accounts) to the Regulatory Authority for Etieegwiii

the Greek Energy Law 4001/2011 and the European Directive 2009/7. The distribution network includes
MMHOHGP 1Y 2F aSRAdzZY 26941 khSf LovsVolageNNetwaikr (D) M63.220y R
Substations of Medium/Low Voltage, 989 km High Voltage Network (H.V.) of which the 218 km are in Attica
and the 771 km in the noeinterconnected islands, 240 High/Medium Voltage Substations, 7.543,107
Cust SNA omMmMdccn ad+xd 3 TohdpomInnT [0 FYR nodmdpn I
31.439in LV).

Energy Generation Mix

v» O

A
E

The Net Electricity Generatiof6] by main activity producers (including Combined Heat and Power
generation) amounted t®&1 thousand Gigawathour (GWh) in 2018cumulatively reduced by 12% in 2018
compared to 2008, mainly as a result of the economic crisis. Electricity generation hesalbg shifted
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its energy mix since 2008 towards RES (hydro, wind, solar) and in particular solar and wind. In fact,
combustible fuels(lignite, natural gas, liquid and other fuels combustion, such as biomass of wood and
waste) comprised 69% of grosg@ricity generation in 2018, reduced by 33% since 20@fhiteis not any

more the dominant fuel in electricity generation as its share in electricity generation dropped from 52% in
2008 to 29% ir018.RESN net electricity generatiorover doubledin 2018 compared to 10% in 2008,
standing at 31% of productiomdydropoweiQa & KIF NB Ay ONBIFASR (G2 wMxE: Ay
however is mainly due to better hydraulic conditions in 2018 compared to 2008. Hydropower accounted for

the largest share of reswable electricity before 2016, although with significant variance per y@ealar
energyshare stood at 7% of net electricity generation in 2018, up from 0% in Y08l energyaccounted

for 12% of net electricity generation in 2018, being almost trigiede 2008.

RES producers are regulated by a separate RES Law 3468/2006 and its bylaws, such as the RES Licensin
Regulation (OJ B 2373/25.10.2011). The RES support system was amended in August 2016 by Law 4414/2016
(OJ A'149/09.08.2016) and introducedetlreed in Premium (FiP) scheme. Several Ministerial and RAE
decisions have been issued for the implementation of this new support system.

Energy Market

Greece has undertaken several regulatory actions towards the liberalization and deregulation of the
wholesale electricity markef7]. In 2018, the Ministry of Environment and Energy in cooperation with the
wS3dzZ Fi2NE ! dziK2NAGE F2NJ 9ySNHE LINRPBOSSRSR g4A0GK GK
and the EU Regulation 1227/2011 (REML&w 4512/2018or the establishment othe Energy Exchange
O6D2BSNYYSyid DITSGGS ' Q pkmTdamduamyo 6l & NIFGAFASR
and Law 4001/2011, and leading to the establishment of the Hellenic Energy Exchange (HEnEx S.A)), that is,
the competent body for perating Electricity, Natural Gas, and Energy andironmentrelated products.

The provisions of Law 4512/2018 and Law 4425/2016 ledvto 9 Q& 5SOA & d»PY 1 S @& H a
1880/24.5.2018) on the operating rules for the electricity markets of BalancingABead and Intraday

Markets drawn up by the respective Operators. Moreover, LAGIE S.A. contributed the activities mentioned

in Article 117B paragraph 1 of Law 4001/2011 through a-sffliéand contribution of the relevant sector to

HENEx and has been renad as DAPEEP S.A. with the Electricity System Transactions Code and the Network
Code stemming from Law 4001/2011 (Art. 117E of, Para 3) to be amended and the new Code of the Operator
of RES and Guarantees of Origin being issued. Moreover, RAE has takennalcessary steps for the
successful Implementation of the EU Regulation 2015/1222 for the Capacity Allocation and Congestion
Management (CACM network code) as well as of the Regulation 2016/1719 for the Forward Capacity
Allocation (FCA network codejtivthe new Law 4559/201& DI T SGGS B~ mMnuHknodny ®H
Flexible Remuneration Mechanism.

The key market players of the Greek Electricity market are:

(i) PPC is the dominant electricity producer and supplier in Greece. PPC also owstrithgtidn network.

PPC is owned by the Hellenic Corporation of Assets and Participations and the Hellenic Republic Asset
DevelopmentFund ggregated 51.12 per cent share for the two companies) and several insurance funds
(3.93 per cent), with the remaing percentage (44.95 per cent) held by private investors.

(i) HEDNO iswholly ownedsubsidiary of the PPC resulting from the separation of its distribution segment
under the Energy Law. The Distribution System Operator is independent in its operationaaagement,
retaining all the independence requirements that are provisioned in the Energy Law. It is responsible for all
activities relating to the maintenance and development of the electricity distribution network, as well as for
the assurance of adansparent and impartial access of consumers and of all the network users in general.

(i) IPTO is the Greek transmission system operator (TSO), which up to July 2017 was a subsidiary of PPC, is
the owner and operator of the Hig¥ioltage Transmission Systg'System") responsible for its operation,
exploitation,developmentand maintenance as well as for the operation of the balancing market. Following

full ownership unbundling ("FOU"), PPC has fully divested its interest in the TSO and the presentd#rareho

are the State Grid Europe Limited (a 100 per cent subsidiary of State Grid International Development Ltd),
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controlling 24 per cent of the TSO. IPTO is a Public Holding Company, owned 100 per cent by the Greek State,
controlling 25 per cent of the TS@nd ADMIE (IPTO) HOLDING SA, listed in ATHEX (51 per cent is owned by
the Public Holding Company ADMIE (IPTO SA), controlling 51 per cent of the TSO.

(iv) The Operator of renewable energy sources ("RES") and Guarantees of Origin SA ("Operatog of RES"
previously, the Electricity Market Operator ("LAGIE" as per its Greek initials)), is the RES operator, which is
exclusively controlled by the Greek State. The RES operator is responsible for the operation of RES and
guarantees of origin ("GOs") and its &ittes are carried out in accordance with the Code of RES Operator
and Guarantees of Origin.

(v) The Hellenic Energy Exchange SA ("HENnEx") was established in the context of the reform of the Greek
energy marketj.e.,towards itsharmonizationwith the recquirements of the Target Model. The Target Model
introduced the general framework of the new operating model of the wholesale electricity market ("Target
Model"). The registered shareholders of HEnEx are the Operator of RES (22 per cent), the Athens Exchang
Group (21 per cent), ADMIE (20 per cent), EBRD (20 per cent), Hellenic Gas Transmission System Operator S/
("DESFA") (7 per cent) and Cyprus Stock Exchange (10 per cent). Under the new framework, LAGIE
assigned/contributed all of the activities that werelevant to the operation and the management of the

Dayl KSR { OKSRdz Ay3a 045! { €0 F2NJ G4KS LldzN1}R2asSa 2F S
spinoff). HEnEX is responsible for the administration and the operation of thaeldzad marketthe intraday

market, and the energy financial instruments/products market. HEnEXx is licensed from RAE to perform the
above activities and the Hellenic Capital Market Commission for the energy financial instruments/products
market.

The Greek wholesale elé¢h OA (i@ YI NJ Si KIFI & 0SSy NBAGNHzOGdZNBR Ay
supported its connection with European markets. HEnEx supports regional integration by facilitating market
coupling with Greece'seighbours(i.e., Italy and Bulgaria) and @ffs a comprehensive set of new energy

trading products. The whole scheme is well above the minimum requirements for compliance with the EU
Target Model, including new spot plus new physical and -sastted energy derivative products. The
introduction of fhysicalandcash SG i f SR Sy SNH& RSNRARJIFGASS LINRRdAzOG A& 2
participants to hedge their electricity market risk with improved pricing across different time frames.

Description of the wholesale market (Source: RAE National &2ep019)

The Hellenic Energy Exchange SA ("HEnEX") is introduced as a Société Anonyme (S.A.) which operates multiple
energy markets. Some of the Electricity Markets (as mentioned above) are the fol[@)\Blg DayAhead,

Intraday and Balancing which operate as wholesale energy product markets, accor@egutation (EU)
1227/2011. The term of Forward Electricity Wholesale Products, as defined by Law 4425/2016, is now
abolished, and are traded in the Financial Energy Market.

1 Inthe DayAhead Market, transaction orders for supply and demand will be subdhitez unit in the
case of Producers and per Bidding Zone or Border in the case of other Market Participants. The
transaction orders for RES injection and for the aggregators can be submitted per portfolio of every
technology and category of RES unit and jpad zone. Aggregators submit different orders for
supply and demand. Producers are obliged to submit orders for supply for the total amount of their
dzyAGaQ OF LI OAGe 6KAOK KIF&a y20 0SSy o02dzyR (KNRd
Market with a commitment of physical delivery.

9 For the participation in the Intraday Market, the Participants submit their transaction orders per unit
and other Market Participants submit their orders per Bidding Zone or Border. The transaction orders
for RESnjection and for the aggregators can be submitted per portfolio of every technology and
category of RES unit and per load zone. The aggregators submit different orders for supply and
demand.

1 The Balancing Market is based on the principle of the centfaéduling and allocation (central
allocation), where scheduling is happening, and the Allocation Orders are published per unit (unit
based central dispatching model). Within that framework, Integrated Scheduling Process is realized

D19.3 Contribution to Standardization 33



G;Sbow CROSS BOrder management of variable renewable energies

and storage units enabling a transnational Wholesale market

which constitutes a bataing energy and a balancing capacity, according to Article 5 of Law
4425/20166.

Until the full implementation of the above system, the Greek wholesale electricity market will continue to be
based on a pure day ahead mandatory pool mechanism:abagd schduling modekonsist ofthe current

model for the organization and operation of the national wholesale market through which the total amount

of electricity generated and consumed the next day is traded. Generators;paothucers and importers

must declae an offer price for each hour of the following day for their available capacity to supply electricity

G2 GKS &aeadisSyo /dNNBydGfte I OFLI 2F 9!w onnka?2 K | LI
of electricity; retailers, exporter, pumpestorage hydro and selfupplied consumers must submit demand
declarations for each hour of the following day, while not submitting pbiased offers. The day ahead

market clears on an hourly basis according to a system marginal price (SMP), corregpoticineconomic

offer of the block lastly accepted in the economic merit order to meet demand.

The TSO runs the system using an algorithm whiebptinizes energy, ramping and ancillary services and

runs at day ahead in real time. To addressltal fluctuations (a rapid increase in net demand) the algorithm
suggests calling upon fast ramping generation. These plants are obliged to operate to provide flexibility
services to the TSO, remaining on a sthydat their minimum stable level, rapidiyareasing or decreasing
ASYSNI GA2YS YR FNBE GKSNBF2NB OFftfSR G2 2LISNIXiGsS
ramping up capability, the system must be based on natural gas fired generation (in the older times in oil
fired generaion) and hydroelectric generation.

The Greek wholesale electricity market continues to operate as aakegd mandatory pool mechanism

since its inception in 2005, to allow competition to emerge in a context with a severe constraint up to now
[10]. Regardless of the NOME mechanism and the turn of ADMIE to the OU model, the incumbent (PPC)
remains dominant in both the generation and retail sectors, rétaj exclusive access to cheap lignite and

hydro resources, while retail prices, despite the gradual removal of -sussidies, were not linked to

gK2f SarftsS O2adazx odzi NI GKSNJ NS3IdzA I GSR 4 tt/sQa | @
to consumers. This combination of market features posed severe obstacles to new entry in the early years of
market liberalization, giving a strong signal for upcoming capacity shortages in the following years.

The current market design (the mandatory fiod0 Ay O2 N1J2 N} 6S& G662 RAAGAY Ol «a
 Thedayt KSIFR YIN]JSOZ Ay 6KAOK 3ISYSNIG2NRQ LI e&YSyl
the System Marginal Prices (SMP) and the plant schedules derived from thdey dispatch (load
declamations submitted with a gate closure one day ahead of real time).

f a¢KS aSdiatSYSyd 27F AYol f | y @keadisEhedhles arg Bharge orR S @ A
O2YLISyal SR o60lFaSR 2y GKS al NBAYlFf LYolFflyOS t
the TSO dispatch orders (the real operated time) or ptp#cific reasons. The marginal Imbalance
Price (IMP) which is the Diverted marginal price distinguished by the System Marginal Price of the
day ahead market, it can also be called as the operatingyimalrprice of the system.

Regulatory Body

In Greecethe monitoring of the energy sector is performed by the Ministry of Environment and Energy, and
the Regulatory Energy Agency (RAE). The Ministry is in charge of creation the energy policy and adoption of
specific acts, as provided in the Energy FramewaWw. The National Energy and Climate Committee,
established in December 2017 (OJ 204/28.12.2017), acts as an advisory body to the Ministry of Environment
and Energy is supporting the deployment of the national action plan regarding energy and climate chang
mitigation policy initiative$11].

RAE is the independent energy regulator, established in 1998Baralthorized to control, regulate and
supervise the operationof all sectors of the energy market. Its competences include the issuance of energy
operation licences, certification of the Transmission System Operator, approving and issuing of the codes and
approving methodologies for the access tariffs to the netgprapproving and requesting amendments, if
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necessary, of a tegear energy development plan (TYNDP). It also acts as a dispute settlement authority with
respect to complaints against the network operators and/or owners and against any energy companies for
infringement of their obligations regulated by the energy legislation and their energy licenses. RAE has
established a separate body with arbitral resolution competence, to which disputes between parties
participating in the energy market may be volunbarieferred. It cooperates closely witthe Hellenic
Competition Commissionwhich has also issued some resolutions on energy disputes with a focus on
competition law aspects. RAE grants licenses for electricity production: a) for conventional prodaction i
accordance with the Energy Framework Law and the Licensing Regulation and b) for RES/CHP production in
accordance with the RES Law and the RES Licensing Regulation.

RAE has been preparing a regulatory framework for distribution network operator HEDNisvhevised
annually. Currently, RAE is preparing a fpear duration framework in conjunction with the HEDNO that

will consider several factors. The new framework is expected to be completed by June ahead of its
implementation at the beginning of 202While various trial runs are planned until then.

¢KS RAAGNAROdzOAZ2Y 2LISNI G2NR& ySg NBEIdz F G2NB FTNI YS,
achievement of goals, such as a reduction of distribution system leakages, network improvemenghand hi
WACC levels.

3.2.1 Systems aspects for electrical energy transmission

Greece is interconnected with Bulgaria, Italy, Albania, North Macedonia, and Turkey and is the most active
with respect to total exchangg42]. The Greek electricity transmission system consists of about 12.000 km
150 kV lines (the 450 of them underground) and 39.00 km high voltage 400 kV cables of various types. It also
includes 106 km aerial line and 160 km submarine cable DC 400 kV of mmection with Italy, while the
distribution network in the country is about 217.000 km. It is connected to the transmissions systems of
Albania (150 kV and 400 kV lines), Bulgaria (400 kV) and North Macedonia (two lines of 400 kV), with total
nominal capaity of about 4400 MW, as well as with Italy with a 500 MW HVDC submarine cable.

3.2.2 Renewable energy sources connection and operation at country lev@tid integration of
Renewable Energy Generation

RES connection to the grid (requirements)

The RES sectof the Greek electricity market is undergoing continuous and significant refib8jn Among

other changes, the Hellenic Energy Exchange (HEnEx) has commenced itoomp&&aS producers
participate intheday KSIF R YI N]J S&é FyR (GKS NBySgloftSa aSOG2NI A
new energy plan is targeting greater energy efficiency, electric mobility, and a competitive electricity market
that could poterii A £ £ @8 O NAY3I GKS Qifedwithi thebladeit te€hyiobdidaldand amérketl S Y .
RSOSE2LIYSyda Ay 9! ®@ ¢KS LIy y26 NBIldZANBE NBYySsl o
in 2030, up from 31% in the previous plan. Interestingly ehptgnewable energy systems are set to account
F2N) Iy Fad2dzyRAy3 cwm: 2F DNBSOSQa St SOGUNROAGE O2)
DNB5SOSQa KSFdGAy3a FyR O22ftAy3 YR mMdx 2F Ada G(GNIya
Thecazy G NE Qa NBGAASR &GN GS3e yR Ada LIoSNI aSO0G2N
out lignite by 2028. The new national energy plan mandates 7.7 GW of cumulative solar PV capacity by 2030,
up from approximately 2.7 GW of installed caa& ' G LINBaSyded {LISOAFAOLIt &z
total installed PV capacity to increase from 3 GW in 2020 to 3.9 GW in 2022, 5.3 GW in 2025, and 6.3 GW in
2027. By 2030, Greece is targeting 7 GW of cumulative wind power capacity, 3.7 GWogpbtwet, 300

a2 2F O0A2Ylaa FyR o0A23F&aX FyR wmnn a2 2F 3S20KSNY
November 2019, show that it has already installed 2.7 GW of PV, 3.4 GW of hydro (large and small), 3.2 GW
of wind and 86 MW of biomass andolgas capacity in the Interconnected System (i.e. excluding the
autonomous systems of the islands). The country does not have any offshore wind power capacity, its new
plan though 250 MW of offshore wind capacity is feasible by 2030.
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Most of the new PV capacity will be largeale, groundnounted systems awarded via auctions and
supported by premium tariffs. Both the competitive auctions and premium tariffs are going to remain a part

2F DNBSOSQa SySNHe& LRt A Oaskictinde SckedleddDeialnisfaproduceltakifis 3 LI
that are similar to other European member states, and to build sukfsedyrenewable power generation

plants.

Notably, small systems of 1 GW of mmeetered and selftonsumption distributed systems Wwile deployed

by 2030 to meet the power needs of at least 330,000 households. The RES uptake will be supported by new
energy storage systems and new interconnections. Regarding new interconnections, a second grid line is
planned with Bulgaria, upgrade thé existing line to North Macedonia, and the construction of the new line

to link Greece to Cyprus and Israel.

As far as the nogonnected Greek islands are concerned, new hybrid power systems that use renewable
energy and storage are being studied. Intarections are already being built, with new electricity links
being planned between the mainland and Crete as well as the Cyclades Islands now partly operational, the
latter being partly operational.

The criteria of connection a new user on the networiude the following:
1 Thermal Limits of network elements.

T Short Circuit levels. Contribution of the new installation on the MV bus of the HV/MV substation shall
respect design limits

1 Slow Voltage Changes. These are steady state voltage variations whiskpagssed by thinutes
mean values according to EN50160. Median Voltage Deviation must be less than 3%

1 Rapid Voltage changes. These are variations of the rms value of voltage during a period which may
be between 1 cycle to some seconds (maximum 1Qutes) according to EN50160 This is related to
the voltage fluctuation during connection and disconnection of the element.

Flickering

Harmonics (Total harmonic Distortion)
Phase balance

Protection system operatian

= =4 4 A A

Interference withCommunication system of the netwark

The criteria 1 to 4 are evaluated for a number of operating scenarios:
Maximum Load DemangiNo RES production.

Maximum Load DemangiMaximum RES production.

Minimum Load DemandNo RES production.

Minimum Load Demand Maximum RES production apart from PV which have no production (i.e.
night minimum)

1 Average Load DemanMaximum RES production

= =4 -4 A

Grid integration of Renewable Energy Generation

By the end of 2019, RAE published Decision 663 regulating thel&&E$ity injection capacity of the
transmission and distribution of the Peloponnesus grid from 1,900MW to 2,310MW. A total capacity of
1,200MW will be allocated to wind power production; however, an additional 380MW is reserved for wind
power stations vith interruption ability; 900MW for solar power production; 100MW for small hydroelectric
station production; 80MW for biomass, biofuel, geothermal, stfermal energy and combined heat and
power plant production; and 30MW for energy produced by RESabpeiby energy communities.
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General planning and design

Grid Planning is coordinated between DSO and TSO. The scope of coordination is the secure, reliable and
economic planning. DSO receives all necessary data from the TSO in order to set-ypaitdNgwork
Development Plan (NDP). DSO provides the following data to the TSO:
1 Load and DG forecasting for the next 10 years on an annual basis
1 DSO needs for HV network reinforcements (existing HV substations, HV disconnectors etc)
1 DSO provides the TSO withy data required for the design, the construction and the operation of a
new connection points (HV substations) to the transmission system in order to
o Face increased demand
o Improve power gquality
o Facilitate new DG connections

Allabovementioned projects are included in HEDNgz&r NDP

DSO identifies any weak points on its network which are caused by the Transmission System inadequacies
and proposes expansions of the Transmission System. All Common interest projects are examined by RAE to
be and included in the 10 Year Network Developtféian of the TSO and DSO are exchanging information
regardingthe progress of construction of projects of common interest. The TSO is also cooperating with the
DSO regarding the planning of new interconnections with the-interconnected islands of Greecln that

case common working groups are formed to study the new interconnections.

3.2.3 Relevant regulatory framework and codes for RE&nection in transmission networks.

There are several grid connection procedures for RES[14]. A plant operator is contractually entitled to

the connection of renewable energy plants to the grid, while the grid operator is obliged to enter into
connection contracts (art. 9 par. 1, art. 11 par. 1 Law No. 3468/2006 in conjunction with art. 2637 363.

Every operator of a renewable energy pldmihction as a contracting party to a connection contract and is
entitled to connection. Contracting parties can be only those producers of electricity from renewable sources
that hold an electricity produabn license (art. 3 Law 3468/2006). Thi®nseis issued by the Ministry of
Development for a period of 25 years and has to be approved by RAE and can be extended for another 25
years (art. 3 par. 4 Law No. 3468/ 2006). The obligated party is the trssiembr distribution grid operator

in charge (art. 12 par. 1 Law 3468/2006 in conjunction with art. 97 and art. 125 Law No. 3468/2011). The
plant shall be connected to the most economical and technically suitable connection point. Notably, claims
arise atthe date of the conclusion of the contract. The contract shall be concluded according to a procedure
specified by law, which applies to all applicants for connection (art. 268 par. 1, 2 GTSC).

For RES plants in the interconnected grid system, the praeedusists of the following steps:

A production license is issued (art. 2 par. 1 Law No. 3851/2010). The authority responsible for issuing these
licenses is RAE. The production license has 25 years duration (art. 3 par. 4 Law 3468/2006 in conjunction with
FEK B 2373/2011).

An installation license shall be issued by the competent directorate of the administrative region within 30
days (art. 8 par. 1 Law 3468/2006). Within the same timeframe, the interested party shall apply for an
Environmental Impact Assement (EIA). The installation license has a duration of 2 years and it can be
extended under specific circumstances for two more years (art. 8 par. 10 Law 3468/2006), whereas an ElA is
valid for 10 years (art. 8 par. 7 Law 3468/2010). The interested phaly also apply to ADMIE (TSO) for a
connection offer (for plants with a capacity above 8MW). If the RES plant is to be connected to the
distribution grid (capacity up to 8MW), the application is forwarded to the DSO (HEDNO) and the interested
party agres on the terms of the connection offer and a connection contract is signed (art. 268 par.7 GTSC in
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conjunction with art. 97 par. 1, 2 and art.125 par. 1, 2 Law 4001/2011). If the connection offer expires, but
the plant operator has submitted all the necasg licenses for théinalizationof the connection contract,
the connection offer is extended (art.8 par.4 Law 3468/2006).

For small RES plants under a net metering scheme, the connection process is as follows:

Filing of an application for grid connection to the local branch of the Distribution Network Operator (HEDNO):
The application form (available on HEDNO's website, wiegldie.gr) consists of 4 standard sections to be
completed by the interested person (personal data, installation specifications, PV system specifications and
ownership status). The applicant must already have chosen the type of equipment which wilBltledretd

have carried out the relevant technical study. HEDNO examines the application and sends, within one month
from receipt of the application, a Gritbnnection Offer to the interested person, including a description of
necessary works as well asatedd costs. This gridonnection offer is valid for three (3) months from its date

2T A&dadzS oFNIon LI NPH CO9Y . Q OpyoKHAMNO D

Production license: RAE is obliged to issue such a license within 2 months and may consult the TSO (ADMIE)
or the DSO (HEDNO) (&8tpar. 2 Law 3468/2006 in conjunction with art. 118 par. 2h Law 4001/2011).

Connection offer: The TSO (ADMIE) is obliged to make a connection offer within 4 months. This offer will be
valid for 4 years (for large RES plants) or 6 months (for-scelt ES plants) (art. 8 par. 4 Law 3468/2006).

The duration of the connection offer can be extended if the plant operator has submitted all the necessary
applications. The extension varies between 28 months, depending on the grid connection works the grid
operator has to carry out before the conclusion of the connection contract (art.8 par.4 Law 3468/2006). The
filing of an application for drawing up a Connection Agreement with the regional branch of HEDNO and
stating that the Connection offer is acceptdd lIi ®n  LJ NYo C9Y . Q opyoKHAMNOUA
(virtual) net metering scheme, a similar but more detailed connection process is followed. The basic
RATFSNBYOS A& GKIFG FFAESNI (KS -a/S2AySYNRGIEA 2 y3 NBBNIRINGE: vf (G
Neta SGSNAyYy3A ! ANBSYSyidé A& aA3alySR OFNId y aAyd wSak

3.2.4 Battery Energy Storage System

Greece is lowering its dependency on fossil fuels and encourages RES generation and storage initiatives in
the Greek islands that are not connected the mainland power grid, usually referred to as the Non
Interconnected Islands, or NII$p].

Greece has approximately 6,000 islands and islets, of which roughly 200 are inhabited but only 20 are
connected to the mainland power grid, including Evia (the second largest Greek island), 4 lonian islands and
since May 2018 13 Cycladic islands. In Noww2018, the first stage of the interconnection with Crete (the
largest Greek island) officially commenced, with the execution of the requisite contract.

l OO2NRAY3I (G2 DNBSOSQa ySg bliaAaA2ylf Ddcemperdld Nav9y SNH
island interconnections are being promoted in Greece, which are currently functioning as autonomous
electrical systems based mainly on diefiedd power plants. After the recent completion of Cyclades
Interconnection- Phase A, the electrical systemsRdros (including the islands of Naxos, Antiparos, los,
Sikinos, Folegandros, etc.), Syros and Mykonos were also interconnected. In the perie2D202@lImost

all the Aegean islands (rest of Cyclades islands, Dodecanese islands, North Aegean islaaide) heil
interconnected, starting with the interconnection of Crete.

Particularly regarding islands for which no interconnection is planned, at least not for a long time, to reduce
the energy dependence of these islands, a significant reduction in oifouggower generation is being
promoted, with the installation of modern RES units combined with storage technologies. In particular, a
policy measure to make this possible is the adoption of an appropriate institutional framework for the
promotion of eletricity storage systems, either within hybrid plants or within an independent central
warehouse that will address grid saturation and allow the installation of new uncontrolled RES stations, or in
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the context of installingow-capacitystorage systems inomjunction with any new RES station. In this
direction, it is noted that the installation of hybrid RES plants is promoted, either through private projects or
GKNRdzZAK LIAf20 LINRP2SOGa adzOK a (GKS / w9 ansSyINRas o
YR GKS 1 StftSyAO 9ft SOGNROAGE S5AA0GNAROGdziAZ2Y bSiGg2N]
plants have been put into operation on the island of Tilos (with battery) and on the island of Ikaria (with
pumped storage). Moreover DNB SOS LI NIAOALI 6Sa FOGA@Ste Ay (K
LatlyRaQ ft2y3 gA0K Mo 2GKSNJ aSYoSNJ{iGlIGSao

Under the EU Smart Islands Initiative under which three Aegean islands (Astypalaia, Symi, and Kastellorizo)
have been selected as pilata Y NIi A afl yR&aé¢ 3IANI RdzZ-ffé& RSLIX2&Ay3a |y
in the NllIs, to over 60 per cent. Similarly, a pumpgdro storage project is being developed by Terna Energy

S.A. in the Municipality of Amfilochia in Western Greece. Thggr will have a total installed capacity of

680 MW (turbine mode) and 730 MW (pumping mydadwill involve the construction of two independent

upper reservoirs and two independent powerhouses, while the existing Kastraki artificial lake will act as the
(common) lower reservoir. Classified as a strategic investment under the applicable Greek legal regime, the
project has also been selected as an EU Project of Common Interest, while the design and Environmental
Impact Assessment are being-tmded (50 pe cent) by the EU Connecting Europe Faeditgrgy. This

project is expected to provide flexibility and stability to the mainland grid and to meet the increased balancing
requirements of the Greek System, due to the expected increase of renewable generati

A key issue will be the undetermined regulatory framework for the commercial operation of both pumped
hydro and a number of hybrid projects (combining wind and purpgdio technologies) which are currently
being developed in Nlis. This highlights tieed for regulation to catch up with progress in the energy storage
sector.

3.2.5 Electrical Energy Storage (EES) Systems

Greece's new National Plan for Energy and Climate Change, publidDedeémber2019, forecasts a rise in

the installed capacity of wind energy production from an estimated 3.6 gigawatts this year to 5.2 gigawatts
in 2025 and 7 gigawatts by 2030. Likewigkotovoltaics' installed capacity is projected to rise from an
estimated 3 gigawatts in 2020 to 7.7 gigawatts by 2030. Ifiathef 2020the Greek government will present

an integrated master plan for the transition to the pdignite era in power prduction that will offer
incentives to the private sector for investments in environmentfilgndly energy production. The country

is targeting power production to come from RES in 10 years from now which amounts a total investment of
44 billion euros (48 billion U.S. dollars) in the next 10 years.

This additional RES capacity that is planned for the next 5 to 10 years is likely to cover an even larger portion
of electricity produced by such environmentally friendly systems. Yet, for the energy prodoickee wasted

attime of ample electricity supply, storage systems must be installed in parallel to the RES system installation.
So far, despite the advances made in battery technology in the last two decades, the most reliable storage
method remains whahas been used for many years: the pumping technology using reversible hydroelectric
systems. In Greece there is a good a nhumber of-made lakes that have this feature whereby at times of

low load andhigh-RES$roduction water is pumped from the lowerKa to the upper reservoir and stored.

This reservoir is empowered with producing electricity the next time the grid system needs it. This is the most
effective form of storing electricity. Yet, the RES production needs to be stored in battery systeraflispe

in the NlIs where excess energy cannot be transmitted to the country's grid as is the case with RES located in
the mainland. Furthermore, smaller islands do not have enough water supply to createnadm hydro

storage energy in a water reservoirth@r systems that may be appropriate to store RES electricity are the
compressed air energy storage systems. These systems can handle power from at least 50MW and even
exceed 300MW.

Furthermore, electricity is produced at single households with -topfPVsystems, each household can
produce electricity. The net metering system encourages households to use storage systems and exploit it
when the RES technology is idle. Indeed, this need is growing as many households will want to become
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independent of the nawvork. Also, while it is technically possible to buy and sell electricity at the household
level through blockchain technologies, it will require specific laws to allow it.

Toachieve high levels of uncontrolled RES penetration in the most economically efficient manner (sufficiently
low cuts in their production), there is a need for energy storage (pumped storage hydropower, batteries,
conversion into gas, etc.). The new NatbRlan forEnergy and Climate Changased on previous studies

on the costs related to the mainland electricity generation system (such as the 203&debevelopment

Plan of ENTSB) considers that new storage systems are integrated in the years fiod @025 (in addition

to the existing hydroelectric power stations of Sfikia and Thisavros, which have a pumping capacity), the cost
of which is estimated at around EUR 0.5 billion. The total energy transmitted to storage systems for the year
2030 is estimted to be up to 2.2 TWh. Specifically for storage needs, the plarahalysedspecific
technologies and hourly uses of these storage systems by the year 2030, including the possibility to operate
smalldecentralizedstorage systems (batteries) either ampmously or cumulatively. It is worth noting that

by 2030 the first electrolysis systems are expected to operate, allowing the electricity generation sector to
be coupled with the hydrogen generation sector for energy storage. These results of estifnsttasige use

are presented in the following chart:

Storage capacity and energy utilised by storage units
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3.2.6 Power systems management and associated information exchange

The Greek TSO and each one ohifghboursexchange real time data of general SCADA values of their
substation. In addition, The Greek TSO anddtghbouringones in EU membestates exchange general data

in the synchronous areas, such as, frequency, aggregated generation, and system state, set value of the FR
controller, or power exchange. There is also exchange or additional data from the observable area between
European coutnies (.e., substation topology, bus bar voltage, active and reactive power in lines and
transformers, regulating positions of transformers or power restrictions).

The exchange of scheduled data betwearighbouringEU member statesoversforecasted aggegate

amounts of injection and withdrawal per primary energy source, at each node of the transmission system,
and for different timeframes (forecasts are realistic and accurate). Structural data are also exchanged
between the Greek TSO and iiteighboursand concern: (a) the regular topology of substations and other
relevant data by voltage level; (b) technical data on transmission lines; (c) technical data on transformers
O2yySOGAYd 5{has AAIYAFAOIY(d INAR dax ©NH Tdi KA R FI12 NG
significant grid users which are power generating facilities; (d) the maximum and minimum active and
NBII OGADS LIR6SNI 2F aA3dyAFAOIYd INAR dzaSNER H6KAOK [N
shifting transformers; (f)@chnical data on HVDC systems; (g) technical data on reactors, capacitors and static
VAR compensators; and (h) operational security limits.
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Note that TSO and DSO are cooperatigardingsystem operation. The scope of the coordination is the
secure reliable,and economic operation of the power system. Coordination between TSO and DSO is mainly
focused on the following areas:

9 Load Shedding, which is performed by the DSO after requedteofTEO, under critical System
conditions. When the TSO issues an alert state the DSO shall be well prepared to perform load
shedding if requested.

1 Information exchange and TRDSO cooperation in power system restoration procedures

Active power output lintation of DGs, when requested by the TSO.

1 Maintenance Scheduling. DSO is notified with regard to the maintenance schedule of TSO. DSO takes
into account the maintenance schedule of TSO in order to schedule distribution network
maintenance. DSO can alsdjrdzS&4 G Y2 RATFTAOFIGA2ya 2F (GKS ¢{hQa Y

9 Protection coordination and interlocking arrangements. TSO may request complementary protection
on the distribution network

1 Regardindnder Frequency Load Shedding, there is a coordination betweeh3® and the DSO to
set up the thresholds

1 The DSO can also request the contribution of the TSO in the maintenance and repair of high voltage
distribution lines and HV/MV substations.

' When the DSO is about to perforing A (i OtKak cArde@d to load ragttion more than 10 MW on
a connection point of the distribution network to the transmission system, then the TSO must be
informed.

=

DSO calculates themriory shares of suppliers for the next month and sends the estimations to the TSO. DSO
provides the sppliers validated meterings of all consumers connected to the distribution netwdsk,DSO
provides the exante calculations of consumers at regular intervals. TSO receives-trgeeand the gpriori
calculations of the shares of suppliefdso,DSD calculates for each supplier the energy of its users without
telemetering or with meter without hourly granularity. DSO provides an estimation of the hourly energy for
each supplier as well as of the corresponding charging and notifies suppliers anfiGhe

3.2.7 Electrical energy measurement and control

As per National System Operation Code the metering equipment for energy measurement has an accuracy
of £0,5%. For energy measurement inductive current and voltage transformers are used with accuracy 0,2S
and0,2 respectively. Static meters have accuracy 0,2S for active emedgurement

Static meters comply with standards EN 6266 > n )-21,22-28pand implement communication
protocol DLMS as per IEC 62886546/53,61,62.

For System interconnected capacity >50MVA, energy measuring chain is checked and verified annually.

The specifications for measuring equipment are revised following technological evolution pertinent to the
approval of Energy RegulatoAuthority, incorporating the mandates of EU directives 1998/34/EC and
1998/48/EC

3.2.8 Measuringequipment for electrical and electromagnetic quantities

National code implements design requirements as per IEC and EU standards (CEN, CENELEC, ETSI) fc
insulationlevels of electrical equipment and safety distances within HV/EHV substations and also safety
distances for phase conductor of Transmission Lines tonstructionsand publicinfrastructure (Greek

National Law 70261/2874s nf cny K Wk ¢ T 0V vofageNdvelsy(anticld 24@. PoweriBnergy
quality at the point of interconnection must comply with IEC standards IEC &t600 ¢ h ° L37L cwmny
Compliance is checked by implementing class A power/energy qaabiysersaecorders (IEC 6100630
compliant).
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Metering is performed by the DSO who gathers and validates all measurements. The validated measurements
are sent at regular intervals (monthly basis) to the suppliers who are responsible for billing consumers. DSO
issues reports of aggregated datvith regard to the consumption. Specific market actors receive specific
measurement data as per current regulatory framework. Market participants can request for measurements
data. Settlement is performed by the market operator. Billing of RES is afsarrped by the market
operator.

Currently telemetering operate DLMS/COSEM is the protocol is used by the meters to send the measures
and the GSM/GPRS communication standard is used. Smart meters currently procured by HEDNO comply
with the minimum requiremats by Recommendation 2012/148/EU

For telemetered customers, the measurements are received overnight and are registered and validated in
the databases of HEDNO. The measurements have a granularity of 15 minutes. Each supplier receives a file
every month ontaining measurement data of its customers via a link to a repository.

For other customers consumption is measured by HEDNOs personnel at regular intervals -(@oathst

for domestic consumers butmay also be monthly or -Gonths for other types of notelemetered
consumers). Consumers have also the option to register their consumption measurement by themselves
between the intervals of the-lnonth measurements. The measurements are registered and validated to the
databases of HEDNO and each supplierivesea file every month containing measurement data of its
customers via a link to a repository.

As far as the measurement, monitoring and control at different voltage levels is concerned, the controllable
devices include:

1 Telecontrolled switches (Mediumoltage)
1 HVI/MV substation capacitors
1 Tap-changer transformers (HV/MV)

Considering the communication protocols and information standards, note that currently telemetering
operate DLMS/COSEM is the protocol is used by the meters to send the measures and the GSM/GPRS
communication standard issed.

3.3 SYSTEM ASPECTS AND STANDARONM FRAMEWORK IN ROMANIA
3.3.1 Systems aspects for electrical energy transmission

Main standards within Transelectrica are related to IEC both for primary equipment and for secondary and
communication.

The overall communications are also related to IEC stalsdare covering both local and lodistance
communication. Local SCADA will rely on IEC61850 while distance communication will rely on HBC60870
101/104.

9 Local (substation SCADA): IEC61850

1 Local SCAD&zonal telecontrol centre (CTSI): IEC61850

9 Transnission EMS& other system: ICCP (TCP/IP)

I Transmission EMS & Site location gateway: IEC 68800 or 104
1 Metering data: IEC 6087®102 or DLMS (IEC 62056 / EN 13757
2

3.3.2 Renewable energy sources connection and operation at country lev@kid integraion of

Renewable Energy Generation

1 RES connection to the grid (requirements).
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o For connection of generating units there are two main norms:

0 TECHNICAL STANDARD of December 14, 2018 on the technical requirements for connection to
public electricity networks the generating modules, power plants consisting of generating
modules and power plants consisting of offshore generating modules (located offshore)

0 TECHNICAL STANDARD of 28 August 2019 on the technical requirements for connection to public
electricity networks for high voltage direct current systems and for power plants consisting of
generating modules that connect to electricity networks of public interest through high voltage
power systems continuously

Any new unit attending to connect on a fdigbgrid will have tdulfil the requirements presented in
the above Norms.

9 Grid Integration of Renewable Energy Generation.
o For the integration of the RES, there are two directions:

o Connection solutior this is based on a large Study with modelled grid generating unit and
looking tofulfil stable operation on long term and voltage levels within specified limits.

0 Operating solutiong are based on real grid status at each moment and agreed commercial
contracts for energy generation. A unit cannot injestergy in the grid without an agreed
contract for that energy. Otherwise, if it happens, that is considered like an unbalance in the grid
that the Dispatch will have to treat in line with regulation in force.

The main problem for RES is related to timigry usual, the RES are no available exactly at the time of
consumption and therefor the storage facilities aignificantly supportinghe usage of RES.

9 Technical requirements for operation and control of RES.

o Part of the Technical Code there isRagulation like: PART |. REGULATION FOR DISPATCH
OPERATION OF THE NATIONAL POWER SYSTEM. Accordingly, any dispatchable unit will have
be operated by a Dispatch Centre established in line with above mentioned regulation.

1 General planning and design

0 Thelongterm grid planning is performed via the Ten Years Network Development Plan at
European level and the subsequent TYNDP at national level. This is updated every two years and
is also including an adequacy evaluation.

0 The mediumterm grid planning is péormed as seasonable (winter and summer) defining the
Normal operating diagrams (for winter and for summer). Such operating diagrams are defined
based on large evaluation of the grid looking for:

A Consumption evolution

Generation

Reserves

Operating regires with N and M.

Static stability and Critical sections evaluation
Grid losses

Congestion management

NTC evaluation

> > > > > > D> >

Dynamic stability

0 The shoriterm planning is performed daily for defining the daily operating scheme considering
necessaryputages.
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1 Assessment of standard voltages and power quality requirements.
o Daily and Monthly internal Reports
o0 Quarterly and Yearly Reports to Regulating Authority

3.3.3 Relevant regulatory framework and codes for RE@nection in transmission networks.

Romanias part of EU and consequently accepts and apply for all the European Network Codes (NC).
b/ a NS 3IANRAzZISR Ayidi2 GKNBS YIFIAy OFidS3azNrsSaz OFf
Operation Codes.
Grid Connection Family includes the followimdCs:
9 High Voltage Direct Current Connections

The NC on High Voltage Direct Current Connections (HVDC) specifies requirements for long distance DC
connections. These are used to link offshore wind parks to mainland or to connect countries over long
distances.

9 Demand Connection

The Demand Connection Code sets harmonised requirements for connecting large renewable energy
production plants as well as demand response facilities.

1 Requirements for Generators

The Network Code on Requirements for Generators is haizimgg standards that generators must respect
to connect to the grid. These harmonized standards across Europe will boost the market of generation
technology and increase competitiveness.

Electricity Market Family includes the following NCs:
1 Guidelines orCapacity Allocation & Congestion Management

The Guideline on Capacity Allocation and Congestion Management (CACM) sets out the methods for
calculating how much space can market participants use on cross border lines without endangering system
security. Italso harmonises how cross border markets operate in Europe to increase competitiveness but
NEYySgloftSaQ AydiSaNIGAZ2Yy® /! /a A& GKS O2NYySNRG2YS
1 Electricity Balancing Guidelines
The Electricity Balancing Guidelingisns at creating a regional market where countries may share the
resources used by their TSOs to balance the generation with demand as accurate as possible, all the time. It
is also about allowing new players such as demand response and renewables partaikethis market. All

in all, the Balancing Guidelines should help increase security of supply, limit emissions and diminish costs to
customers.

1 Forward Capacity Allocation

The NC on Forward Capacity Allocation deals with rules for long term matk@terivard markets. These
topics have an important role in allowing market participants to secure capacity on cross border lines a long
time in advance and therefore have a sort of trade insurance.

System Operation Family includes the following NCs:

1 System Operation Guidelines
¢tKS {2a40GSY hLISNIiA2y DdzARStAySa alLISOAFTFASa (G(KS RS
The fact that the generation mix in Europe is integrating more and more RES, that there is more and more

interconnectiors and crosdorder competition has been considered in this NC. It lays the ground for the
future PSs, for example makes regional coordination a legal obligation for grid operators.
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1 Emergency & Restoration

The Emergency & Restoration Code fixes the praseswt the transmission system operators must follow
when they face an incident on their grid. The highest standards and practice in dealing with emergency
situations will thus apply in all Europe.

3.3.4 Battery Energy Storage System

There are not yet definedeEhnical Norms for Storage facilities like batteries.

However, projects for batteries are already in place and first megawatts have been recently commissioned.
The main issues for batteries are considered for now:

i Stored energy capacity, maximum momentgppwer absorbed or injected and charging or
discharging time.

The frequency and voltage range in which the storage installation remains in operation.
Speed of variation of the frequency at which the installation remains in operation.
Ability to respond to a increase or decrease in frequency above or below the limit.

== =4 =

1 Reconnection conditions after fault.
3.3.5 Electrical Energy Storage (EES) Systems

In Romania, the storage facilities are not largely developed. For the moment there are existing facilities for
storage only as:

1. Pumping stations connected to existing lakes of ldmggro power plants (50MW).
2. Batteries storage developed by wind generation farms (3MW).

There are also projects in place for large pumping like: Hydroelectric power plant with pustqgrege

¢ NYANILIHz0 6 SO6GA omnnna20v YR &AAYAEFNI 2y . AOFT t1F1S
Power System development but still there is nothing defined for the project start. There are not special
standards developed yet for suclcflities. A significant importance of such facilities is connected to further
development of Nuclear facilities in Romania. As long as current technology (CANDU) does not allow
regulation of reactors (partial power operation) a chance for such technolodyetaccepted based on
current network code (RfG), could be together with a regulating facility (virtual power plant: nuclear and
storage).

3.4 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN SERBIA

¢KS LINRPOSaa 27F St SOUNRTA Gtariedi i@ 18932when p@vBrlplarRia Belg@deNA (i 2
was built with a goal to provide electricity for public lighting and few industrial machines. In 1900 fist hydro
L2 6 SNJ LJX | y i & betondptimit in the wosld thatWas@é&igned based on Nikofa Fe@a Y 2 RS N.
alternating current (AC) electricity supply system. Strong development of national power system was in
LISNA2R FFUGSNI GKS 22NIR 2IFNJLLYE SaLISOALfte Ay wmdcn

During the break of Socialist Federal Republic of Yugoslavia (SARY), jiublic enterprise "Elektroprivreda

Srbije¢ EPS" was establisheaince the electricity sector was vertically oriented, this company was in charge

for production, transmission and distribution of all electricity in Serbia. After the period of UNmsanand

g N O2yFEtAQGA Ay . FflFy NBIAZ2Y RdAdzZNAY3I wmdpdnargeic 0 Ay O
power system of Serbia was reconnected again with UCTE grid (today known as Continental Europe
Synchronous Area).

The processof dereguiatz Yy 2F St SOGNAOAGE aSO02NI Ay {SNbBAI adl
Srbijec9a{ ¢ o6+ a SaidlofAaKSRX gAGK | 3A21f (2 LINRPOARS
Liberalization process of electricity sector in Serbia isostgbing.
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Today, most important entities that shape national power system are:

1 "Elektroprivreda Srbijec EPS" Http://www.eps.rs) is vertical organized public enterprise that
operates with 3 legal entities:

o parent companyElektroprivreda Srbije" that is managing all national production units,
o0 dependent company "EPS Distribucija" which is Distribution System Operator and
0 the subsidiary "EPS Snabdevargdiiggest supplier of electricity on distribution level.

T a9t S1 ONR {cNBX 8tH:/tems.rs/) is joint stock company that have a role of Transmission
{@3GSY hLISNIYG2NJ 6AYy {SNDBAI GSNY GiNIyavYArAaarzy
110kV, 220kV and 400kV voltage level).

T a9y SNHe& ! 3Syoe 2179 witthddrowiveeds.rs E nafioBaldglilatory body with
competences covering electricity, natural gas, oil and oil product, including CHP heat energy sectors
(all accordindpy the Energy Law of Republic of Serbia).

f 6¢KS aAyAaidNER 2F aAyAy3d htpsiwvewheNBvas) ig if chargelofdzo £ A C
the operations of the State Administration related to mining, energy aatunal resources
development.

f aLyadAGdziS F2NJ { U {yRtbsMiskdeh/\isinatignal Btandafd&atidn baody of
the Republic of Serbia, an institution having legal personality and operating irdaoce with the
regulations governing legal status public services. As a national standardization body, ISS represents
and protects Serbia's interests in the following international and European standardization
organizations:

0 The international organizatiofor standardization (iso), with full membership status since
1950.

0 The international electrotechnical commission (iec), which has been a full member since
1953.

0 The international iec compliance testing and certification system, under which the test
results recognition scheme (iecee / escheme) operates, in which the institute has been a
full member sincel 990.

0 The european committee for standardization (cen), in which it has the status of full member
since 1 january 2017.

0 The european committee fatandardization in the field of electrical engineering (cenelec),
which has the status of full member since 1 january 2017.

0 The european telecommunications standards institute (etsi), which has the status of national
organization for standardization (nssince june 2011.

Around 95% of electricity production in Serbia is covered by generation units owned by public enterprise EPS.
Installed capacity of EPS generation units is 7401[W8) with following generation mix:

1 thermal power plants 4079MW.

1 combined heat and power plants 336MW.

1 hydro power plants 2986MW

Creation and development of energy market is a key assumption for economically sustainahgdent

of the energy of the Republic of Serbia. That means establishment of energy market based on the principles
of competition, publicity, and free initiative of energy entities. This should provide customers free choice
related to energy and energy @aucts supply, by which their price should depend more on offer and demand.

The Republic of Serbia accepted, signed, and ratified Energy Community Treaty. By that it set regional energy
market establishment as one fits priorities and its integration into energy market of the European Union.
Such market should provide significanvéstment into sector and to contribute to the development of
economy and stability of country and region.
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For efficient functioning of internal and regional energy market the work on further construction and
modernization of electricity and gas infrastture is necessary. It is necessary to perform regional connection
of gas pipeline system and finalize gasification of Serbia, and in the field of electricity permanently work on
rehabilitation of existing and construction of new transmission and distionutapacities.

Conditions for market liberalization in electricity sector exist since 2008 when obligation of public supply fall
electricity customers that were not connected to distribution system ceased to exist. By that around 10% of
the market was opeed. From the beginning of 2014 additional38% of the market is opened, since only
households and small electricity customers remained in the public supply system (at regulated prices). From
January 1, 2015, the market is completely opened, so thathiwasehold could freely select electricity
supplier on the markef17]

3.4.1 System aspects for electrical energy transmission

Transmission system in Republic of Serbia is consists of overhead lines (OHLS), cables, transformers and
substations with nominal voltage 008kV, 220kV and 110kV (exception of this rule are transformer stations
110/X kV/kV, which are part of distribution system). This transmission network connects production units
from one hand, as well as distribution network and big consumers (industrialiozgrs and substation for
adzLILJ @Ay3a NIAfglre ySGg2N]J0 2y GKS 20KSNJ KFyR® . Sa
transmission system of aileighbouringcountries.

Tables bellow show overview of EMS transmission capdt8y ¢ basic characteristics of OHLs and
transmission substations (these network elements are displayed on enclosefl8jap

Voltage level [kV] 400 220 110 <110 kV Total
Number of OHLs 37 47 368 10 462
Length of OHLS [km] | 1 787,69 1847,69 5.899,40 230,90 9.765,68

Table 3 3. OHLs managed by EMS (31.12.2018)

Voltage level [kV/kV] 400/x 220/x 110/x Total
Number of OHLs 18 14 6 38
Length of OHLS [km] 29 30 14 73
Installed capacity [MVA] 9450 5631,5 659,5 15741

Table 3 4. Substations managed by EMS (31.12.2018)

Operation of transmission system and electricity market, beside by the Energy Low of Republi¢28grbia
is defined by sets of technical rules that guarantee security, reliability and transparency. These technical rules
are defined by EMS with thepproval of AERS, and they are organized in followind2&fs

1 Rules for operation of transmission system defines technical conditions for nopeshtmn of
transmission system, technical requirements for access and connection to transmission system,
obligations of users and operator of transmission system, as well as approach for planning,
development and exploitation of transmission system.

1 Rulesfor operation of electricity market defines conditions that are necessary for rightfully
functioning of electricity market, including: responsibilities of all actors, rules for market of auxiliary
services, security of realization of payments and markatgactions, warranty regarding precision
of metering system
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1 Rules for publication of relevant market data determines obligations of TSO, DSO, producers and
consumers regarding which data and how often should be publicly available in order to provide
transparent work of electricity market.

1 Rules for distribution of crodsorder transmission capacities defines procedure and methodology
for allocation of crosdorder transmission capacities.

1 Rules for providing origin grantees determines contenbofin grantees, procedure for issuing,
transferring and repeal of origin grantees, including supervision and update of official registry.

When some entity wants to connect to Serbian transmission network, two main procedures should be
finalized¢ access ad connection to the network should be granted by EMS.

Basically, 3 types of entity have possibility to gain access to the transmission network: consumer, basic
producer and privileged producer. EMS sign access agreement with this entity that defines:
9 accountingperiod.
9 measuring points, measuring equipment and coefficients for translation of measuring data from
measuring to handovepoint.
9 rules for reading and acquisition of measuring data (SRAAMD system is used)
1 contact personals on both sides.

Based on methodology that is defined by ABRY, each year EMS updates prices for access to the
transmission network for 6 different tarif{23]:
91 allowed activepower.
excessive activpower.
higher daily tariff for activenergy.
lower daily tariff for activeenergy.
allowed reactiveenergy.
1 excessive reactive energy.

= =4 =4 =4

Procedure for connection to the transmission network has following key $8js
9 Creation of the connection stydor theFacility.
Creation of planning and technical documentation of the Connegiant.
Obtaining the necessary permits for the construction of the Connegtiint.
Monitoring the construction of the Connectigroint.
Approval for connection of thEacility.
Verification offulfilment of technical conditions from the approval for connection of the Facility,
signed contracts and Rules on operation of the transmissjstem.
1 Signing exploitation agreement for the Facility between EMS and entity

=A =4 =4 4 =4

3.4.2 Renewable energy sources connection and operation at country l&@lid integration of
Renewable Energy Generation

Integration of RES in Serbia started in 2009 when Government introduced National Renewable Energy Action
Plarj25]¢ the document which was setting the targets of use of renewable energy sources until 2020, as well
as the manner of their achievement. Among other things, its aim was to introduce investinémthe field

of renewable energy sources.

Soon after that, Government introduced fid tariffs for different renewable technologies and installed
capacities of generation unif26]. Currently, total installed capacity for each RES technology is distributed
on following way27]:

1 small hydropower plants (installezhpacity less then 120MW) 46,5MW;

9 solar power plants on the ground 5,34MW (Government limit 6MW);
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solar power plants on buildings 3,5MW (Government limit 4AMW);
wind power plants 500MW (Government limit 500MW);

biogas power plants 12,97MW;

high-efficient cogenerations 10,95MW.

= =4 =4 =4

It is estimated that the biggest RES potential in Serbia comes from the energy produced from biomass with
60,3% in total RES potential. Currently, biggest contribution form RES in Serbia comes from tienaggiro
with total potential of around 25 000GWh per year (from all rivers on the territory of Republic of Jegjia).

Most important RES in Serbia are: sun, hydro, wind,lggratal and biomass energy. In 2010, Government
detected this potential and, supported by GTZ and USAID, provided 6 guides for investors following in
renewable energy facilities:
1. Construction of plants and electricity/heat generation from biomass in theuR&pof Serbig29];
2. Construction of facilities and electric power generation in small hydropower plants up to 30MW in
the Republic of Serbid0]
3. Construction of plants and electricity generation in wind turbine plants in the Republic of Serbia
[31].
4. Construction of plants and electitig/heat generation from hydregeothermal sources in the
Republic of Serbigs2].
5. Construction of plants and electricity generation from photovoltaic planteérRepublic of Serbia
[33].
6. Construction of solar heating systems in the Republic of SE#%]ja

All these guides are reviewed and updated throughout the years with support of United Nations
Development Programmecurrently 3¢ edition from 2016 is valid. All guides, except tHeofie, are bilingual

¢ Serbian and English versions. These guides desculetaiiithe comprehensive procedure for constructing

the energy facilities and performing economic activity of energy generation from renewable sources.
Detailed guides are intendeprimarily to investors and project developers, but also to officials in different
competent institutions since the legal procedure is crssstoral.

The objective of the guides is to encourage and assist the investors interested in the Serbian renewabl
energy sector, but also to identify through analysis weakness and inconsistencies of the procedure and to
encourage competent institutions to perform legal and institutional improvements. Also, it is expected that
the guides trigger constructive dialogtween the numerous stakeholders and thus contribute to their better
awareness and mutual understanding, which ultimately should resulfauourable environment for
investments in renewable energy.

3.4.3 Battery Energy Storage System

Gonnection of battery energ storage systems to the power network (on the level of transmission or
distribution) is not supported by any regulatory framework, meaning that these systems could be used only
isolated form the power network (rare isolated hybrid photovolthattery sysems with small capacity,
installed to cover some part of constant consumptioraeéragehousehold.

3.4.4 Electrical Energy Storage (EES) Systems

Basically, EES systems in terms of the technology of central store unit could be divided in 4 mg§85types
1 Thermal storage, using sensible or latent heat of the relevant storage medium
1 Mechanical storage, using gravitational, kinetic or elastic forms of energy
1 Chemical storage, using chemically bound energy of the storage medium
9 Electrical storage, using electromagnetic or electrostatic energy of the relevant storage media.

Currently in Serbia (based on our knowledge) only mechanical storages are used ioffgqunsp-hydro
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storages. Namely, most important puripe@ RN2  LJX F yi Ay { SNDAIl JDdnaRivet 9 . |
and owned by EPS), which has 2 units (both working in generation and pump regime), with the power of
307MW for each unit. Some of the @mtial future investments regarding purdpydro plants in Serbia are:

Gwl 9 . AaGNAOFE FTYR awl9 7SNRILI[@E 6AGK AyaidlffSR
Gwl 9 . I 2is gbhtributihng@omlerssystem of Republic of Serbia in following \i&#]s

Production of peak power and energy.

Covering daily load peaks.

Covering seasonahortage of energy during drought periods of the year.

Better usage of thermal power plants and spilled hydro energy thanks to pump regime.

Protection of downstream areas from flooding due to spilling of water in upstream hydro plants.
Increase of minimdlow in middle and low parts drina River

9 Secondary regulation of frequency in Serbian transmission system.
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Other types of EES systems in Serbia are not planned or regulated by Law (based on our knowledge), which
means that this part of electricity semtis underdeveloped, without proper legislation that can deal with
challenges regarding planning, design, implementation, testing and grid connection of EES systems.

3.4.5 Standardization on software products.

Regional Security Coordinators (RSCs) are compastigslished by TSOs in different regions of the Europe,
with a goal to perform advanced calculations on the regional lewgdropose most efficient solutions,
without being constrained to national borders. RSC introduce regional coordination that 80w {6 take
better decisions.

On 10 December 2015, European TSOs and ENTSsghed a Multilateral Agreement on Participation in

RSCs. It requires ENFE@embers to participate in RSCs or to contract five essential services from them.
The agreement ensusealso that RSCs develop in a harmonized, interoperable and standardized way under
ENTS® Qa O22NRAYIFGA2y S (22f a3 -2a16,lthg BysttiRGpEratibnyGRideM& (i K 2 F
one of the Elhetworkscodes, registered the RSC into EU 28]

One of the main RSC services is validation of the quality of Individual Grid Models (IGMs), including merging
of IGMs into Common Grid Model (CGM). CGM for given time horizon contains information necessary to
mathematically simulate (using static load flealculations) expectedehaviourof the European network.

This model is then used for all other RSC services, thus representing one of the most important data in RSC
business.To create valid CGM, each RSC is obligated to respect set of standards thidy $pels and
procedures for appropriate creation, exchange and usage of gird models (IGMs and CGMSs).

The Operational Planning Data Environment (OPDE) is a digital platform that connects the different TSOs and
RSCs to central elements and vice vers#g allipport exchange of TSO files. It is desidrestbd ora layered
architecture consistent with th&mart GridArchitecture Model. The OPDE is the central layer: a standard
middleware integration layer. The bottom layer is composed of a dedicated corgation network called
Physical Communication Network (PCN) on which the OPDE is running for high security and service levels.
Additional tools and central services to be connected to OPDE are: Operational Planning Data Management
(OPDM) application, QualitAssurance Service (QAS), Boundary Management Application (BMA), Pan
European Verification Function (PEVF) platform and Common Grid Model Alignment (CGMA) dia®form.

The data exchange standard used in the OPDE is based on Common Grid Model Exchange Specification
(CGMESY, an IEC technical specification based on the IEC Common Information Model (CIM) family of
standards. It was developed to meet necessary requaets for TSO data exchanges in the areas of system
development and system operation and was initially published in December 2013. The CGMES will be used
as a baseline exchange specification for the implementation of the Common Grid Model Methodologies
(CGMM). The CGMES will be applied by applications dealing with power system data management, as well
as applications supporting the following analy§&3:
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load flowand contingency analyses,

short circuit calculations,

market information and transparency,

capacity calculation for capacity allocation and congestion management, and
dynamic security assessment.

= =4 =4 4 4

The CGMM requires TSOs to define quality criteria for wiidaf both IGMs and CGMBoth tasks are

I RRNBaaSR Ay GKS R20dzySyid avdzZ (4AERBIRFOSRaOE & fif &
document defines &vels of model validation that will guarantee that provided information about system

state are not corrupted, thus proving reliability of CGM.

hyS FTdzNOKSNJ GFal GKFG GKS / Daa | RRNXaasSa G2 a!ff
merging agnts and the merging process (creation of CGMs based on IGMs and exchange programs). The
LINAYOALI £ R20dzYSyid Ay GKAA NBaLISOG Aa GKRE2,dhatdzNR LIS
defines functional and nefunctional requirements of EMF tools that each RSC will use to create CGMs.

Finally, all activities regarding files exchanged using OPDE platform (where most important data are IGMs
and CGMs3hould complyi 2 aht 59 aSOdzNAGe L Fyéx R20dzySyid GKI G
security. This document is created based on information security standard ISO/IEC 27000, but due to the
sensitivity and confidentiality of OPDE data contains ynadditional rigorous requirements regarding
information security.

3.5 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN SLOVENIA

Slovenia covers 20,273 squakibometresand has a population of 2.084 million. Despite it is quite small
country, it has good devaeped energy sector which is well connected to the European power network. Total
installed power capacity with around 3,600 MW generates around32Wh of electricity. Primary energy
sources for electricity generation are fossil fuels (30%), nuclear(408b) and renewables (30%). Total
electricity consumption is bigger than the production and in 2018 it amounted to 14,616 GWh or 13,673 GWh
excluding transmission and distribution system losses. Slovenia isnpetter of electricity and the
dependency orlectricity imports is determined based on the ratio between the electricity production from
domestic sources and total electricity consumption. In 2018, the import dependency was 17.1% because of
lower production from domestic resources (mainly hydrogiec power plants) and simultaneously
increasing the electricity consumption.

The Slovenian transmission network is owned and operated by the electricity Transmission System Operator
(TSO), the company ELES, d[d.8)], which is responsible to ensure stable network operations at high voltage
level of 110 kV, 220 kV and 400 kV for efficient transmission of large power over long distances. -The high
voltage network igvell integrated into the European electricity system, with the interconnectors linked to
the networks of theneighbouringcountriesg Austria, Croatia, and Italy, while the grid connection to Hungary

is currently under construction.

A distribution network (110 kV,-B5 kV and 0.4 kV) carries electricity from the transmission network to
individual consumers. Electricity Distribution System Operator (DSO), company SODO®44l.ssaarrying

out the tasks of general economic interestan obligatory state service of electricity distribution in the
territory of the Republic of Slovenia while the electricity distribution activities are carried ofinddypSOs:

Elektro Celje, d.d., Elektro Gorenjska, d.d., Elektro Ljubljana, d.d., Elektro Maribor, d.d. and Elektro Primorska,
d.d.

Slovenian wholesale electricity market is we#lveloped and is integrated into European energy market. The
electricity marlet has been fully open and unbundled into generativansmissionand distribution since 1

July 2007, meaning that all customers may choose their suppliers, although much remains under full state
ownership (TSO and DSO) or majority state ownership (generation and supply). Slovenia has one of the
largest percentages ofate ownership in the sector within the E28, at approximately 80%. In 2001, Borzen
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d.o.o. Slovenian Market Operatf45] was established for the implementation tfe public utility service
relating to the organisation of the electricity market. At the beginning, trading between buyers and sellers
took place in the form obrganizedveekly meetings and later via an electronic trading platform.

In 2008 Slovenian P@w Exchange BSP SouthPool (B&#])was established which is now main point for
power trading in the country. Currently BSP is operating Sloveniarallead and Imaday market, Long

term Auctions and in cooperation with European Energy Exchange, they run futures marketeffong
financial products). In the last hour before the delivery, the Intraday market change to the Balancing market
in which the TSO buys andlIseelectricity for the settlement of imbalances. BSP has been designated by the
Slovenian Energy Agency as a Nominated Electricity Market Operator (NEMO) to perform the single day
ahead and intraday coupling within the territory of the Republic of SlaveRirough the MultRegional
Coupling (MRC), a pdfuropean initiative dedicated to the integration of power spot (ahgad) markets

in Europe, Slovenia is a part of the European-a&rsad market. Through the Single Intraday Coupling (SIDC),
initiative of Power Exchanges together with TSOs to create a joint integrated Intradaybomoles market,
Slovenia is a part of a single integrated European Intraday market.

The Energy Agend¥7] (slov.Agencija za energijoshall, acting under public authorization, carry out the
administrative and other tasks specified in the Energy Act, EU regulations, which determine the competences
of the national energyregulators, or in general act of the agency adopted on the basis of the energy
legislation. The Energy Agency in performing its task establishes conditions that encourage regulated
companies to improve performance and investments. It supervises and merher implementation of
regulated activities by determining the right balance between the quality of supply and prices for regulated
services and promotes the efficient use of existing infrastructure. It ensures the transparency and openness
of the regulabry process. It cooperates in the preparation and amending of the rules and general acts
regulating market operation and promotes transparency and-dscrimination.

Slovenian Institute for Standardisation (SIST) was founded by the Government of thdi®kep8lovenia in

August 2000 with the Decision on the Foundation of SIST. The Standardization Act of 1999 appointed SIST as
a national standards body represents the interests of Slovenian national standardization in the international
and European standds organization$48]. SIST developadopts,and maintains Slovenian standards, and
participates in the work of international (ISO, IEC;T)@nd EuropeaBtandardzationOrganization§CEN,
CENELEC, ETSI) where its experts represent national interests. At the national level SIST, assisted by experts
associated in different technical committees (TCs), is responsible for preparing, publishing, translating,
selling,and promoting Slovenian national standards and standardization documents

3.5.1 Systems aspects for electrical energy transmission

In accordance with the provisions of Regulation (EC) No Regulation (EC) No 714/2009 of the European
Parliament and of the Council &8 July 2009 on conditions for access to the network for ebosder
exchanges in electricity and repealing Regulation (EC) No 1234/2007 According to Regulation (EC) No
1228/2003, the European Association of System Operators for Electricity EENIES@&ponsible for the
preparation of network codes, which will become binding regulations in the European Economic Area after
their adoption at the level of the European Commission. The regulation provides that network codes cover
the following areas:

1 networksecurity and reliability rules, including rules on technical backup transmission capacities

for reliable network operation.
1 network connection rules.

9 third party access rules; and many more.

Review of current regulations:
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Market regulations

1 Commission Regulation (EU) 2015/12224 July 2015 laying down guidelines for capacity allocation
and congestion management (CACM)

1 Commission Regulation (EU) 2016/1 426 September 2016 laying down guidelines for forward
capacity allocation (FCA)

1 Commission Requlation (EU) 2017/210623 November 2017 laying down guidelines for the
balancing of electricity (EB)

Connection regulations

1 Commission Regulation (EU) 2016/13%817 August 2016 establishing a Customer Connection
Network Code (DCC)

1 Commission Reqgulation (EU) 2016/@314 April 2016 establishing a network code for requirements
for the connection of electricity producets the grid (RfG)

91 Decree on the establishment of a network code for the connection of-hidiage systems for the
transmission of direct currdrelectricity and the connection of generating units via direct current
connectiongHVDC)

Regulation on the operation of the system

1 Commission RequlatiofeJ) 2017/148%f 2 August 2017 laying down guidelines for the operation
of the electricity transmission system (SO)

1 Commission Requlation (EU) 2017/218&4 November 2017 on emergencies in electricity supply
and recovery (ER)

The System Operating Instructions for the Electricity Transmission System of the Republic of Slovenia
(hereinafter:SONPQ®regulate the operation and management of thlectricity transmission system. SONPO
is edited by:
9 technical and other conditions for safe and secure operation (hereinafter: safe operation) of the
transmission system in order to ensure a reliable and quality electsajiply.
1 the type, structure, frequency and method of data exchange between electricity operators necessary
for the safe operation and efficient management of #ystems.
9 technical requirements and conditions for connection of system users and distribution opérato
the transmission system.
procedures in case of disrupted transmission system operation.
method of providing system services.
technical conditions for interconnection and operation of systems of different system operators.
procedures for operating sy&ins in crisis situations.
monitoring the quality of electricity supply services.
the cost of the technical measures required to connect new electricity producers.

=A =4 =4 4 -4 =9

The System Operating Instructions for the Electricity Distribution System of the RepubliSlof/enia
(hereinafter:SONDQ® System services are essential services for the operation of the distribution network in
the supply of electricity to users. For users connected to the distribution network, they are performed by
SODO. The system services piedi by SODO for all users are:

1 managing the operation of the electricity distribution system,

91 voltage regulation,

1 re-establishment of electricity supply after breakdowns or breakdowns of electricity

9 system, and the provision of electricity to cover netwtmgses.
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Within the framework of special system services, SODO may individually provide the following system
services for individual users by agreement:
9 providing reactive energy, and

9 ensuring norstandard quality of electricity.

Voltage quality is defined by the technical stand®&T EN 5016@vhich defines the characteristics of
voltage in public networks. The standard applies to-lmitage and mediunvoltage networks, so such
quality of electricity in the higholtage transmssion network is required that the distribution network
operator can ensure the prescribed quality in the mediamd lowvoltage distribution network.

3.5.2 Renewable energy sources connection and operation at country lev@tid integration of
Renewable EnengGeneration

Instructions for connection and operation of power plants with installed electric power up to 10 MW
specify technical conditions and charatgstics that must be considered when connecting and operating
electricity producers with power plants of rated power up to 10 MW, which are included in Slovenia's
distribution system. The instructions, together with other applicable technical regulatioess, and
standards (for exampleSIST EN 50438 are intended as a guide in the preparation of technical
documentation, the issuance of appropriate approvals and the execution of works on the connection and
operation of distributed sources of electricity.

SODO d. o. o. together with its business partners (Electricity Distribution Comp&i3s) providdsng-
term capacity of the electricity networkhat allows reasonable requests for connection and access to the
network while considering the standards fquality of supply voltage and quality of electricity supply.

{ h5hWYa YI A \ssuNdg fth§ apprdpriate ylanning of system development, its construction,
management, operation and maintenance

{h5hQ&a NBfS Ay Ay@SadaqyYSyid LI IyyAaAy3y

1 Data collection from EDC and preparation of eyears period Network Development Plan under
0KS aAyAadNBRwa 2F Ay T NihstiuotdzOG dzNBE 'y R { LI GA €

1 1-year Network Investment Plan is a part of the contract between SODO and EDC.
f Setting basigor priorities and criteria for investment planning
1 Unifying typificationof Electricity Distribution Network.

Distribution Network Executive Regulatioim Slovenia:

T Ordinance on the concession for the public service of operating the electricity digbribuetwork,
the Official Gazette of the Republic of Slovenia, No. 39/07

1 General conditions for the supply and consumption of electricity from the distribution network, the
Official Gazette of the Republic of Slovenia, Nos. 126/07, 37/11

71 Rules on the sysm operation of electricity distribution network, the Official Gazette of the Republic
of Slovenia, No. 41/11.

3.5.3 Relevant regulatory framework and codes for RE@nection in transmission networks.

1 Commission Regulation (EU) 2016/@814 April 2016 establishing a network code for requirements
for the connection of electricity producers to the grid @Rf

3.5.4 Electrical Energy Storage (EEy¥tems

Slovenian legislation currently does not have specific rules for EES integration in the distrilystiem
Storage systems need to follow same regulations as the distributed energy sdd@jedn national
instructions for new connections for producing units, there are definitions of technical requirements and
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characteristics which needs to be followed when connecting the unit and parallel operation afitheitin
the main grid. For the units, up to 10 MW which are connected to distribution grid, the special document

Instructions for connection and operabn of power plants with installed electric power up to 10 MWas
prepared and short summary is presented below. Instructions are together with other technical regulations,
laws and standards a guideline how to establish, connect and operate distributeldigii@n unit. The
producing units are classified by connection point and point of common coupling:

9 Single phase units in LV network
9 Units up to 250 kW in LV network
M Units above 250 kW in LV network
1 Medium voltage network
For the first 3 groups, a corstt cos phi= 0.8 is assumed based on installed power rate.

Secondly the units are classified based on the power flows, here the EES units fall into second group where
they are treated as productiecnonsumption type of connection. Afterwards they are clisgiby type of
operation. They can operate normally, following only rules of reactive power production, or they can be
treated as system unit, which provides additional ancillary services. Each of the unit has also defined
disconnection point, which prot#s unit from harmful effects from the grid and vice versa. All the technical
requirements of circuit breakers, frequency, and current protection together with grounding are also defined

in accordancavith the document.

Point of common coupling

For the PCQhe location and equipment of measuring location is defined by System operator of Distribution
system SODO. They must comply with System operational rules for Distribution networks, General rules for
delivery and consumption and Electric energy measumnmolicy. The equipment must measure and
register 15minute average consumed and generated active and reactive energy and power data, with local
display of measured data and remote transfer of data.

The connected units must have impact on netwadnditions in boundaries, defined in international
standard SIST EN 50160, which defines required electric energy quality conditions.

3.5.5 Power systems management and associated information exchange

The integration of renewable energy sources (RES), whickis 2 NJ G F NASG 2F GKS 9! Q
policy objectives for 2020 and beyond, will affect existing electricity grid infrastructure, operations and the
functioning of the electricity market itself. The integration of renewables into the power systquires for

their intermittency to be balanced. This can be tackled by electricity grids operating smartly ard cost
efficiently. To do this, a seamless and efficient information exchange is necessary at various stages, between
an increasing number of compis¢ TSOs, DSOs, generators, etc.

Data exchange standardization
To ensure that the IEC CIM standards are developed in line with TSO requirements;EEbSESiGshed
liaisons withlEC TC 57/WG1@he working group dealing with Energy management system application

program interface) andECTC57/WG16Gthe working group responsible for Deregulated energy market
communications).

In addition, ENTSE is actively cooperating with tf&lM Users GrougndUCAI Users Group exchange
information within the CIM community. More about this can be accessed here.

1 SIST EN 60255 otection relays and control equipment must meet the requirements of the family
of stardards

9 SIST EN 60870 and SIST EN 6I0@0communication protocol for connectians

9 SIST EN 6205%6L OBIS data code system
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3.5.6 Electrical energy measurement and control

1 SIST EN 616481 Lowvoltage surge protection device®art 11: Surge protection devices for low
voltage power supply systemafkequirements and tests

9 SIST EN 6002BSurge arrestersPart 1: Surge arresters with spark gaps with nonlinear resistors
for AC systems

1 SISTEN 60099 Surge arrestersPart 4: Sparfree metal oxide surge arresters for ac systems

1 SIST EN 60099Surge arrestersPart 5: Selection and recommendations for use

1 SIST EN 1378rCommunication system for meters and remote reading of met&at 1: Data
exchange

9 SIST EN 6103ectricity metering Tariff and load controlsParticular requirements for time
switches

3.5.7 Measuring equipment for electrical and electromagnetic quantities

1 SIST EN 6108830 Electromagnetic compatibilityPart 430: Testing and measurement
techniques- Power quality measurement methods

9 SIST HD 637Power devices over 1 kV alternating voltage

1 SIST EN 6108BX - Electromagnetic compatibility (EMERart 2: X (whole family)

1 SIST EN 61068®X - Electromagnetic compatibility (EMERart 3: X (whole family)

3.5.8 Standardization on software products.

This part is related to communication standards used in paystems:

SCADA systems
1 IEC 6087%-101/104 Transmission Protocelsompanion standards especially for basic telecontrol
tasks

1 IEC 6087® (TASE.2/ICCP) is a set of standards which define systems used for telecontrol SCADA in
electrical engineering angower system automation applications.

9 IEC 61850 is a set of standards defining communication protocols for intelligent electronic devices
at electrical substations.

1 IEC 61970 (CIM) is a series of standards deals with the application program interfdestor

Metering systems
1 IEC 62056 is a set of standards for electricity metering data exchange; DSLM (Device Language
Message Specification) and COSEM (Companion Specification for Energy Metering)

3.6 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN MONTENEGRO

Montenegrin electric power system is divided into three sections: production, transmission system and
distribution system, which are under direct control of stat@ned companies: Elektroprivreda Crne Gore
(EPCG), Crnogorski elektroprenosni sistem (CGltS)Canogorski elektrodistributivni sistem (CEDIS),
respectively. On the production level three conventional power plants are in operation: thermal power plant
Gt teSgt el a -NHzin2F ONA RS RINEt SNHzO A OF & 6onTaz22017the/ R K@& |
aYNYy2@2a o0TtTHa20 gAYR FIFINY OFYS 2yftAySs GKS FANERID
(46MW). Wind farms were built by a different international company which receive feed in tariffs for the
electricity they export to the gridlransmission system operator maintains, controls and manages electricity
network of 110kV, 220kV and 400kV voltage level with total length of cca 1410km. Montenegrin energy
system is surrounded by five energy borders: Bosnia and Herzegovina, Serbia,, idisani@ and Italy.
Distribution transmission system constitutes electricity network with voltage lower than 110kV. Montenegro
has no infrastructure for natural gas distribution and does not currently extract oil, though the government
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is interested in diand gas production in the Adriatic Sea. Beside the division on the voltage level, other
institutions are established in energy sector. On the first place, National regulatory authority of Montenegro
(RAE), Market operator (COTEE) and power spot exchaagest (BELEN). Together with the European
Power Exchange EPEX SPOT, and Slovenian power exchange BSP SouthPool, BELEN has signed a servic
agreement for the creation of the deghead power market. This will enable Montenegro to establish
national dayahead market, market coupling, and dafead clearing and settlement processes. Even though

the Law foresees multiple electricity suppliers on the market, only one electricity supplier is registered so far
and that is EPCG. Ministry responsible for the epeegtor is Montenegrin Ministry of Capital investments.

Based on the Rules for transmission system operation, IEC standard are applied for: the calculation of short
circuit currents (IEC standard 60909), metering devices for active energy (IEC stand@aBlB2IEC
standard 62053L1) and reactive energy (IEC standard 62238 Current transformers are implemented in
accordance with IEC standards 60&44while voltage transformers in accordance with the IEC standard
600442.

Insulation coordination of &kircuit breakers, disconnectors, grounding rods, power transformers, voltage
and current transformers, surge arresters, insulators, neutral point grounding equipment, condensers, VF
dampers and jointing equipment in facilities of TSO and facilitiesesumust be in accordance with IEC
standards.

3.6.1 Renewable energy sources connection and operation at country l&@lid integration of
Renewable Energy Generation

RES connection to the grid (requirements).

Specific technical requirements for connection gi#nerating facilities, including also renewable energy
sources, to the transmission system are determined by the provision regulating connection of producers to
the transmission system, determined by the TSO and approved by the Agency in accordanctolathl®
paragraph 1 item 33 of the Law on Energy. All requirements are defined in Transmission grid code and
LJdzo f AAKSR 2y / D9{ Q& S0 aAitSed LyadzZldidArAzy O22NRAYI
power transformers, voltage and ment transformers, surge arresters, insulators, neutral point grounding
equipment, condensers, VF dampers and jointing equipment in facilities of TSO and facilities of users, must
be in accordance with IEC standards.

Grid Integration of Renewable Energye@eration.

Owners of renewable sources are responsible for developing the electricity network infrastructure and
facilities while TSO ensures the connection point. According to the Law on Energy (art. 184), infrastructure
built by the system useinvestorcan be undertaken by the system operator on the basis of a contract.

Technical requirements for operation and control of RES.

Technical requirements are in line with RfG NC.
Transmissionsystem user should provide and make available to Ti&®following reattime data:
1) information on switching equipment status (circuit breakers, disconnectors, earthing switches and
tap changers),
2) measured values of basic parameters (current, voltage, frequency, active power, remutign,
3) information regarding protection, control and alarm devicasd
4) other data of interest depending on the specificity of transmission sysi®sn being connected.

Instrument transformers can be property of user connected to the transmission system or tyresO.
General planning and design

Longterm scheduling: TSO prepares quarterly, monthly, weekly and daily disconnection plans of elements
at 400, 220 and 110 kV voltage levels within the transmission system. Transmission system users prepare
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disconnection plans for elements in parts of thestem under their competence and submit them to TSO.

Shortterm scheduling: Grid users are required to deliver daily production plan of generation of active
electricity in facilities connected to transmission system, or facilities connected to distrbsistem if the

sum of installed capacities of generation units exceeds 5 MW, of cumulatively for facilities connected to
distribution system, the sum of installed capacities of which does not exceed 5 MW, for the electric power
system of Montenegro andegeration plans in electric power systems in the region. At the moment network
operator is required to accept any quantity of energy from any renewable energy producer within the
catchment area of their networks, with no upper or lower limits, at the ratpd price (feed in tariffs).

Assessment of standard voltages and power quality requirements.

All assessment requirements are in line with EU Connection network codes (RfG, DC) and approved by NRA.
Depending on the type of grid user we can distinguish tégmaies based on the voltage level of their
connection point and their maximum capacity (in MW). Frequency ranges and duration of connection
requirements by synchronous area for generation units of all types adopted by TSO are in line with RfG NC,
Art. 13(1.a.i).

3.6.2 Relevant regulatory framework and codes for RE@&nection in transmission networks.

EU Connection network codes (RfG, DC), Energy Law (ME), Law on Surveillance on the Wholesale Market of
Electricity and Natural Gas (ME), Law on Spatial Plaanit@onstruction of StructuréME), Transmission
grid code (ME).

3.6.3 Power systems management and associated information exchange

CGE$ossesses metering data and for security reasons he is the only one to have directacoessring
data. Data on thetransmission system load are disclosed by TSO in the form that does not violate the
confidentiality of information of the transmission system user.

For ensuring technical preconditions for security analysis of electric power system operation, TSO exchanges
corresponding data with theneighbouring transmission system operators, relevant data including
commercially confidential or sensitive data.

Data and communications security

Metering equipment is installed in such way that readings and reprogramming of metering data from
metering systems are possible only through local or remote access with corresponding level of security. TSO
is the owner of meterig register and for security reasons he is the only one to have direct access to metering
register. The parties who have the right to ask for data from the metering register are:

1. users connected to the transmission system,
2. market operator,
3. suppliers,
4. holders of balance responsibility, and
5. the Agency.
Resilience and security for power systems with Renewable Energy Sources (RES)
Without specific requirements for RES
3.6.4 Electrical energy measurement and control
Electricity metering equipment (AG)Requirements- Static meters for active energy

Static metering systems for active power metering (accuracy class 0.2S and 0.5S) must comply with IEC
Standard 620522.
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Electricity metering equipment (AG)Requirements; Metering equipment

TSO determinese location on which the metering system shall be installed, taking care about the need that
it is as close as possible to the property boundary between TSO and transmission system user. The metering
system consists of:

1. instrument transformers,

2. metering device (meter),

3. data logger,

4. communication devices and
5. communication links.

TSO is the owner and has the obligation to carry out the installation, maintenance, control(inspection) and
testing of all metering devices (meters) for the purpose of registradibactive and reactive energy flows
which are an integral part of metering systems in points of separation of transmission system with users, as
well as on interconnectors, including also appropriate data loggers and communication system. User
connected tathe transmission system allows to TSO access to the facility or the part of the facility owned by
the user, to fulfil obligations determined by the law.

In cases when the metering system is in the facility or in the part of the facility of usqrattyeresponsible
for installation, maintenance, and compliance with the requested accuracy class of instrument transformers
is the user.

3.7 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IMNNBBIERIZEGOVINA

Power system in Bosnia and Herzegovina, pursttaadopted laws during deregulation process, consists of

two companies on transmission level, Independent System Operator (NOSBiH) and Transmission Company
(TRANSCO). These two companies share responsibilities in accordance with laws. Shortly, NG@8BsH ove
grid control for 400, 220, 110 kV, and balancing market, while TRANSCO is owner of transmission assets that
include substations 400, 220 and 110 kV including the lower voltage feeders belonging to mainly substations
110 kV, and responsible is for ¢ynimaintenance and development. This kind of organization with two
companies at transmission level and with all such responsibilities does not differ of responsibilities any TSO.

DSOs are parts of three state owned power utilities that are responsibleréaiding energy supply. In
addition, power utilities are owner of generating facilities connected to both transmission and distribution
level. Besides power utilities as the main suppliers in BiH, market opening allows to any end users to sign
agreement wih any independent electricity supplier, but still, the number of such suppliers are very small
despite existence of all necessary rules approved by regulatory authorities. Independent electricity
producers, private companies, have possibilities to seltakity on bilaterally wholesale market to any
licensed trader/supplier. Small hydro power plants and solar PV cells generally have connection to DSOs.

Grid control jurisdiction is clearly defined and divided between NOSBIiH and DSOs, maintenancenéssues a
development between DSOs and TRANSCO although DSOs perform control for feeders belonging TRANSCC
in substations 110/xx kV.

Installed capacity: TP€1888 MW, HPR 2105 MW, WPR, 86,6 MW with yearly production 9524 GWh,
5544 GWh and 254 GWh respectively

There are three regulatory bodies established in BiH, one state regulatory agen8SERC
(https://lwww.derk.ba/en) and two on entity level, regulatory agency of Republic of SrpskR&ERS
(https://reers.ba/en/) and Federation of BIHFERK (https://www.fkk.ba/_en/). State agency is responsible
for issuing licence for international trade, while entity agencies for production and supply.

Standardization body (https://isbih.gov.ba/en) oversees adoption, harmonization and translation into local
language IECENELEC, IEEE, ISO and other standards.
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3.7.1 Systems aspects for electrical energy transmission
All system aspects are defined in Grid code in accordance with standards referring to relevant issue.

3.7.2 Renewable energy sources connection and operation at coungmel ¢ Grid integration of
Renewable Energy Generation

Requirements for RES Connection to the grid are defined in Grid code. Connection procedure is the same as
for synchronous generators, except conditions referring to ERIt ride through)curve. According to
generation development plan, it is planned to integrate and to connect to the transmission grid circa 800
MW of wind power plants and circa 300 MW of solar power plants in the nexye¢an period. RES operator

is responsible for balang in accordance with national Market rules.

Based on Tegear generation development plan, TRANSCO prepareydametwork development plan
including all potential connections to the grid. Connection study includes connection design of connection
point to the grid, network reinforcement, voltages, and power quality requirements according to the already
defined standards (mainly IEC standards).

3.7.3 Relevant regulatory framework and codes for RE&nection in transmission networks.

Document regulating thissue is national Grid code with specific requirements for RES in accordance with
ENTSEE network codes (Requirements for generatolet) directive 631/2016).

3.7.4 Electrical Energy Storage (EES) Systems

Hydro power plant Capljina 2x220MW is the only energyagfe system in B&H. Usually, pumping is
performed during night hour, from 00:00 till 06:00 while generating during day (rang2@0wW). HPP
participate in FRR process.

3.7.5 Power systems management and associated information exchange
Real time exchange inforation standards: IEC-101; IEE..-104, ICCP (TASE 2)
3.7.6 Electrical energy measurement and control

Requirements for static meters are defined in Grid code and satisfy the following standards: BAS EN 62052
11(2016); BAS EN 62033(2006); BAS EN 62033(2006); BAS EN 62023(2007)

3.7.7 Measuring equipment for electrical and electromagnetic quantities

State Institute of metrology (https://www.met.gov.ba/en/) is responsible for adoption of relevant standards
for measuring. All requirements for measuring equiprnare defined in national Grid code.

3.8 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN NORTH MACEDONIA

North Macedonia, as a candidate country for membership in the EU, faces certain challenges related to the
implementation of structural reforms, wher@ KS Sy SNH& &ASO02NJ Aa 2F aLISOAL
overall development. North Macedonia has actively participated in regional initiatives, considering that it
was the first country in the region to sign a Stabilization and Association Agreantbrihe EU in 2001. In

2005 it was granted candidate status for EU membership. With respect to its international commitments
referring to the energy sector, North Macedonia signed and ratified the Energy Charter Treaty and the
Protocol on Energy Efficiep and Related Environmental Aspects, the Energy Community Treaty (EnCT), the
United Nations Framework Convention on Climate Change and the Kyoto Protocol. EnCT represents North
al OSR2y Al Wa YIAYy IyR 2yfeée fS3rffte ®&ARYRAKSI 9 INB S!
Communautaire (acquis) requirements to the territory of the country.

According to the EnCT, North Macedonia harmonizes its national legislation with the existing legislation of
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the EU acquis on electricity, natural gas, competition, sgcaf supply, renewable energy, energy efficiency

(EE), oil reserves, energy statistics, infrastructure, environment, and climate. These strategic commitments
in the energy sector, currently limited to the requirements of the Third package for electand gas

markets (TPEGM), have been incorporated in the Energy Law ado@eii8rj50]and respective secondary
legislation. In addition, in the field of electricity, by decisions of the Ministerial Council of the EnC, all
Contracting Parties are obligéaltranspose the acquis from some of the EU Network Codes (NCs), specifically
connection NCs and the NC on wholesale energy market integrity and transparency (REMIT). The market NCs
are still pending to enter the adaption procedure. However, the Westedkad 6 Initiative has called its

LI NOHAOALI GAy3a O2dzy iNASa YR UGUSNNRG2NASA F2N +y a
establishing a Guideline on Capacity Allocation and Congestion Management (CACM) and of the Regulation
(EV) 2017/2195sablishing a Guideline on Electricity Balancing (EBGL). In November 2021, the Ministerial
Council of EnC decided on stefse adoption of the Clean Energy Package for All Europeans (CEP) documents
starting with the Regulation (EU) 2018/1999 of 11 Decen2®d18 on the Governance of the Energy Union

and Climate Action, with a general transposition deadline set for 31 December 2022, as well as the Directive
(EV) 2019/944 on common rules for the internal market for electricity (recast) and Regulation (EA9%2019

on riskpreparedness in the electricity sector, with a general implementation deadline set for 31 December
HAHO® ¢KS [R2LIGAZ2Y 2F GKS NBad 2F /9tQa fS3rt I O

Regulatory body

The state regulatory authority which has competences over thelevenergy sector is the Energy and Water
Services Regulatory Commission (ERC). ERC became operational in 2003 and it was empowered to regulate
the sector and monitor the energy markets. According to the Energy{%@whe Board of ERC consists of

seven commissioners appointed by the Parliament. The ERC budget, as well as its Annual Report, is also
subject to parliamentary approval.

Within the framework of authorities given by the Energy Law, the ERC is independesnofpetiation and
decisionmaking process. The current competences of ERC are in compliance with the TPEGM.

ERC is a member of the Energy Community Regulatory Board (ECRB), Energy Regulators Regional Associatio
(ERRA) and European Water Regulators (WARE&GPbserver in the Council of European Energy Regulators
(CEER). In July 2019, ERC applied for participation in the working groups of the Energy Regulatory Cooperation
Agency (ACER). The ACER admitted the ERC to join its Electricity Working Groapasinl2021.

Standardization body

The standardization body is the Standardization Institute of the Republic of North Macedonia (ISRSM). It
represents the national interests in the international, European, and regional organizations for
standardization, ppmotes the standardization activities and by bringing together the public and private
stakeholders, ISRSM develops and adopts voluntary national standards. ISRSM implements I1SO, IEC, CEN
CENELEC, CLC and ETSI Directives as well as an internal regulation.

Transmission System Operator & Market Operator

The North Macedonian Electricity Transmission System Operator Ltd (MEPSO) owns and operates the high
voltage network. On 15 August 2019, MEPSO was certified as TSO by Decision of ERA85441 @2d
following the positive Opinion No. 3/19 of the EnC Secretariat of 17 June 2019.

MEPSO founded the Electricity Market Operator of North Macedonig MEMO in October 2018, which,
although it is under its umbrella, is legally unbundled from the transmission lrsiMEMO became an
associate member of Europex in 2019. In September 2020, the Government of North Macedonia took a
decision to designate MEMO as Nominated Electricity Market Operator (NEMO) in North Macedonia. With
this decision, MEMO became the first rkat operator in the EnC to be designated in line with the
requirements of CACM Regulation. This is expected to support the implementation of the market coupling
project between North Macedonia and Bulgaria initiated under the auspices of the EnC Secestdria

1 https://www.energy-community.org/legal/acquis.html
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envisaged to be launched in Q3 2023. Market coupling with the rest of the neighbouring market operators in
Albania, Greece and Serbia is also envisaged.

Transmission network and Interconnections

The transmission network in North Macedonia consis@hafut 577 km 400 kV overhead lines and 1,545 km
110 kV overhead lines. The 400 kV transmission lines are the backbone of the transmission grid in North
Macedonia and provide interconnections to the neighbouring power systems. The 110 kV transmission grid
is the most outspread one and connects the large hydro power plants, the larger populated areas, as well as
the industrial centres.

Figure3-44 is a map of the existing transmission infrastructure with its interconnections.
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Figure3-4.Transmission network of the Republic of North Macedonia in 2019. Source: MEPSO,
https://www.mepso.com.mk/index.php/en/

The 400 kV transmission lines SS Skomj&5 Kosovo B and SS &t®S Nis connect the north part of the

grid to Kosovo and Serbia, respectively. With the Greek electricity system, the interconnection is realized vi
two 400 kV transmission lines: SS Bitolg 8S Florina and SS Dubray&S Thessaloniki. In 2009 the
transmission systems of North Macedonia and Bulgaria were synchronously connected, after completing the
400 kV transmission line SS KfipS Crvena Myla.

According to the ERC Annual Report 2(030], transmission rights on interconnectors in North Macedonia

are granted in the form of Physical Transmission Rights. The allocation on the borders with Serbia and
Bulgaria are carried out bilateral[$2], while coordinated capacity allocation is performed on the North
MacedonianGreek and the North Macedonigfosovo border by SEE C[a3).

Planned New Interconnection Projects

The electricity infrastructure part of Corridor 8 (E&¢ést) will be fully completed by interconnecting the
Albanian Power System on the west, after completion of the 400 kV interconnection piieletc Ohrid¢
Elbasan. It shall enable interconnection of the North Macedonia, Bulgaria, Albania, Montenegro, and Italy.
This project, which is underway, includes construction of a new 400 kWiline length of 97 km and a new
400/110kV substation i@hrid.

The futureti 2 LI2 f 238 2F GKS Db2NIK al OSR2yAlYy OGN} YyavYAaaaiz
plan, is shown ifrigure3-55.
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Figure3-5.Transmission network of the Republic of North Macedonia in 2029. Source: MEPSO

In general, the transmission grid operates with satisfactory safety, reliability and security pararGeteasn
weaknesses of the grid were identified in the Ohrid region related to reactive power and voltage support due
to the old topology of the 110 kV grid. It is expected that completion of the project for the new 400/110 kV
SS Ohrid will mitigate thesssiues.

DSO

EVN Macedonia JSC has 4 daughter companies active in the electricity sector, adhering to unbundling
requirements. Elektrodistribucija is the largest distribution system operator with its network covering 99.9%
of the country, EVN Home performslgic supplier functions, EVN Supply is active on the open market, and
EVN Power Plants owns and operates medium and small hydro power plants with a total capacity of 87.81
MW.

In addition, the JSC Power Plants of North Macedonia (ESM) subsidiary Kaecgeiiains a vertically
AYGiS3aINFrGSR 5{hX 6KAOK 2LISNIGSa 2y I @SNER ftAYAISR
a small number of light industrial and commercial customers, for which it holds a license granted by the ERC.

Generationmix

The electricity generation portfolio of North Macedonia comprises both hydro and thermal production
capacities. It also includes one wind farm and a number of smaller RES installations. The main electricity
generation facilities are in possession &\E TETO and EVN Power Plants, while the rest are smaller hydro
plants and various RES plants.

Most of the incumbent generation is concentrated in the single statmed company ESM, which is at the
same time the largest producer in North Macedonia. Tdtaltinstalled capacity of its power plants is 1,478.6
MW. It owns and operates 42% of the thermal power capacity in the country (Bitola 1,2,3 and Oslomej), two
CHP plants (Energetika and KOGEL), eight hydro plants and the wind park Bogdanci. Itoiatasl r
power producer will undergo a stepwise downward reduction as prescribed by the Energy Law of 2018 [50].
ESM is obliged to offer the following quantities of electricity to the universal supplier:

1) in 2019 at least 80% of the total annual needthefsupplier.

2) in 2020 at least 75% of the total annual needs of the supplier.
3) in 2021 at least 70% of the total annual needs of the supplier.
4) in 2022 at least 60% of the total annual needs of the supplier.
5) in 2023 at least 50% of the total arai needs of the supplier.
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