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Abstract: 

The report aims to provide an overview of the existing standardization and regulatory framework at European level, 
emphasizing on specific issues at local, national level, by assessing the existing context in eight European countries. 
The analysis refers to current national standards and regulations in force, from the perspective of facilitating the 
acceptance and utilization of the CROSSBOW products and solutions by the specific markets.  Based on the existing 
collaboration relationships between the main actors of the standardization system, briefly presented in the report, 
the CROSSBOW team developed a strategy to create an impact, using the products developed in the project.  The 
contributions to the standardization system obtained by implementing the mentioned strategy can be grouped as 
follows: identifying the Technical Committees that are in charge of the activities of interest, creating awareness, 
accessing as a member in at least one TC of interest, and elaborating guidelines for fast and efficient access to the 
standardization system. 

The CROSSBOW products and solutions mostly interface with existing TSO control centers, where there are 
established international standards at the level of communication protocols, and ENTSO-E established standards 
govern the information exchange between the European TSOs.  

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

It should be noted that the durations of the activities included in the standardization process are much longer than 
those of the research innovation projects. This characteristic of the standardization activity is of course in full 
accordance with the specific needs: it is recommended to analyze in great detail before establishing a new standard. 
The rush is extremely unproductive. In these conditions, even in case of a project with rather long duration like 
CROSSBOW, it is very challenging even to be able to start the standardization process by accessing one or more TCs. 
Recognizing this objective reasons EC is preparing to launch thiǎ ȅŜŀǊ ŀ ƴŜǿ ǇǊƻƎǊŀƳΥ ά{ǘŀƴŘŀǊŘƛȊŀǘƛƻƴ ōƻƻǎǘŜǊέΦ ¢ƘŜ 
new program is targeting the results of the projects similar with CROSSBOW, and it will focus on the standardization 
issues only. 
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EXECUTIVE SUMMARY 

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 energy operators: TSOs, DSOs or other categories of energy actors. 

This context generates a series of technical challenges for safely operation of energy systems, but also new 
products and services that allow both an adaptation and increasing interoperability and streamlining 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 framework plays an extremely important role.  

According to CEN-/9b9[9/Σ ǘƘŜ ǎǘŀƴŘŀǊŘ ƛǎ ŀ άŘƻŎǳƳŜƴǘΣ ŜǎǘŀōƭƛǎƘŜŘ ōȅ ŎƻƴǎŜƴǎǳǎ ŀƴŘ ŀǇǇǊƻǾŜŘ ōȅ ŀ 
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 given ŎƻƴǘŜȄǘέ. 

Standards are qualified recommendations developed by consensus between technical experts nominated by 
stakeholders. The standards document the state of the art at the time 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 with any industrial 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 comprehensive 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 measures needed to facilitate 
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 the European 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 on this information, a strategy for impacting the standardisation system has been 
developed in CROSSBOW project, and the main directions of action which are the foundation of this strategy, 
are described in the last paragraph of Chapter 4. 

Chapter 5 presents the contributions of CROSSBOW project to the standardisation system, and may be 
summarized as follows: 

¶ Identification of the existing TCs whose activity and responsibilities may be impacted by the products 
and findings of the CROSSBOW project. 

¶ Creating awareness regarding the potential impact that products and findings of CROSSBOW project 
may have on the existing standardisation system. 

¶ Accessing one or more of the TCs of interest for CROSSBOW products. 

¶ Develop guidelines for a fast and effective impact on the existing standardisation system. 

The last chapter includes a summary of the most relevant aspects presented in this deliverable report, may 
also be remembered as conclusions. The most important contribution are highlighted together with a 
presentation of the context in both standardisation and power sector. 
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DSM  Demand Side Management 

DSM-IP   Regional DSM Integration Platform 

DR  Demand Response 

DSO  Distribution System Operator 

EMS  Energy Management System 

ESB   Enterprise Service Bus 

FEMS  Factory Energy Management Systems 

GUI  Graphical User Interface 

ICCP  Inter-Control Centre Communications Protocol  

ICT   Information and Communication Technologies 

IED  Intelligent Electronic Device 

MMS  Manufacturing Message Specification 

OpenADR Open Automated Demand Response 

OPF  Optimal Power Flow 

PMU  Phasor Measurement Unit 

RES  Renewable Energy Sources 

RTU  Remote Terminal Unit 

SCADA  Supervisory Control and Data Acquisition 

SEE  South-East Europe 

TLS  Transport Layer Security 

TSO  Transmission System Operator 

VEN  Virtual End Node 

VPN  Virtual Private Network 

VTN  Virtual Top Node 
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1 INTRODUCTION 

1.1 Purpose of the document 

Present deliverable report, in line with the GA provisions, aims to the following:  

¶ To present a series of specific aspects, channels in use and benchmarks related to the standardization 

activity in 8 European countries (represented by partners in CROSSBOW project), located in         

South-East Europe, and at European level. 

¶ To identify and present the standardization areas potentially impacted by CROSSBOW products, 

ascertaining the specific committees. 

¶ To present the achievements obtained in contributing to the standardization, as a result of 

CROSSBOW products and results dissemination. 

¶ To develop and present a best practice for using the standardization system as a much focused and 

effective dissemination tool. 

¶ To define recommendation for further continuation (beyond the CROSSBOW project duration) of the 

collaboration with the standardization organizations. 

Contribution to the standardization/regulatory activity 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 is impacted 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 electricity regionally in the high share of 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 Communications, and sustainable clean energies wholesale market, the 
CROSSBOW activity for standardisation focused mainly on various aspects of these targets, with high 
potential impact for on-going and future standardisation activities.  

The deliverable is structured in respect 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 final version of the report will 
showcase dedicated chapter for the international perspective (IEC and CEN-CENELC) to make available to the 
consortium relevant information from standards, technical specifications, regulatory decisions, experience 
disseminated by technical 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 resulting from it are presented, together with relevant events focused on 
standardization, organized during the project duration, and having potential for future continuation. Based 
on the experience achieved in CROSSBOW, a guideline for promoting the products to the standardization 
organization, it is included. 

1.2 Outline of the document  

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

Chapters 2 and 3 are presenting the structure of the existing standardization system at European level 
(Chapter 2) and National level (Chapter 3). The presentation at national level includes only the countries 
represented by partners in CROSSBOW project, namely South-East Europe. 
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Next chapter (#4) includes a brief presentation of the strategy used for dissemination and promotion of 
CROSSBOW products, to the relevant standardization organizations: CEN-CENELEC and national 
standardization authorities. A more detailed presentation of this strategy is included in [71] 

The contributions of CROSSBOW project to the standardization are summarized in Chapter 5. The Technical 
Committees potentially impacted by CROSSBOW products are presented in this chapter, together with a brief 
explanation of the impact evaluation. Also, this chapter includes description of the international events used 
for dissemination and promotion of CROSSBOW products to the standardization organizations and 
specialists, and guidelines for further (beyond the 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 project, related to the standardization activity area. 

1.3 How to read this document  

This deliverable report is associated with the Task 19.3 ς Contribution to standardization. The actions and 

approach are closely related with the information collected, and the results achieved in the WP3 ς Open, 

secure, and flexible architecture, data privacy and standards / Task 3.4 ς Standards and interoperable models. 

In the early stages of CROSSBOW project, in the framework of WP3, has been performed a regional (South-

East Europe ς SEE) survey with the objective to identify the existing structure in the standardization area at 

national level, and potential differences between the countries. The main results of this survey are included 

in the deliverable report D3.3 ς Standards and interoperable models, submitted in January 2019. 

The results included in the above-mentioned deliverable report have been implemented by the product 

leaders in the design of the product interfaces, to be fully operable at regional level. Based on the information 

collected during the deployment of the prototypes, and during the implementation of HLUs, a set of 

proposals for updating the existing standards have been drafted. The proposals have been refined and fine 

tunned based on the final results and conclusions of the pilots. 

In the framework of WP19/Task 19.3 the results included in D3.3 have been considered as a starting point in 

the process of identification of the necessary updates. In the first stage it was developed a questionnaire for 

identifying the existing structures at national level, in the region. The information collected by means of this 

questionnaire are included in the Chapter 3 ς Analysis of standards framework at national level in SEE, of this 

deliverable report. 

Chapter 4 ς Strategy for Dissemination and Promotion of CROSSBOW Products, outlines the initial planning 

for contacting the organizations mentioned in Chapters 2 & 3. In these conditions, to properly understand 

the proposals for standards update it is necessary to read the deliverable reports developed in WP 13 ς Large 

scale demonstration activities of the integrated CROSSBOW ecosystem: D13.3 ς CROSSBOW integrated 

ecosystem final demonstration, and D13.4 ς Data gathering during the demonstration activities. 

The proposals for harmonization at regional level are developed in correlation with the information and 

conclusions resulted from the activity of WP 5 ς Business models and overcoming local barriers, and 

 WP 16 ς Scaling-up and replication: Overcoming regional and global barriers. 

The results and findings of this task have been transferred as input data to the WP18 ς Dissemination, 

Communication and Cooperation Activities, and WP 19 ς Exploitation, business innovation strategy and 

contribution to standards / Task 19.2 ς 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 independent, non-governmental organization, the 
members of which are the standards organizations of the 165 member countries. It is the world's largest 
developer of voluntary international standards, and it facilitates world trade by providing common standards 
among nations. More than twenty thousand standards have been set, covering everything from 
manufactured products and technology to food safety, agriculture, and healthcare. ISO has been officially 
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 showed in the Figure 2-1 below. 

 

Figure 2-1. ISO Governance Structure 

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

The ISO 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, the ISO Officers, and the Chairs of the Policy 
Development Committees CASCO, COPOLCO and DEVCO. The Council has direct responsibility over several 
bodies reporting to Council: 

¶ ¢ƘŜ tǊŜǎƛŘŜƴǘΩǎ /ƻƳƳƛǘǘŜŜ ŀŘǾƛǎŜǎ /ƻǳƴŎƛƭ ƻƴ ƳŀǘǘŜǊǎ ŘŜŎƛŘŜŘ ōȅ /ƻǳƴŎƛƭΦ 

¶ Council Standing Committees address matters related to finance (CSC/FIN), strategy and policy 
(CSC/SP), nominations for governance positions (CSC/NOM), and have oversight over the 
ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ƎƻǾŜǊƴŀƴŎŜ ǇǊŀŎǘƛŎŜǎ ό/{/κh±9ύΦ 

¶ !ŘǾƛǎƻǊȅ ƎǊƻǳǇǎ ǇǊƻǾƛŘŜ ŀŘǾƛŎŜ ƻƴ ƳŀǘǘŜǊǎ ǊŜƭŀǘŜŘ ǘƻ L{hΩǎ ŎƻƳƳŜǊŎƛŀƭ ǇƻƭƛŎȅ ό/t!Dύ and 
information technology (ITSAG). 

¶ CASCO provides guidance on conformity assessment. 

¶ COPOLCO provides guidance on consumer issues. 

¶ DEVCO provides guidance on matters related to developing countries. 

Membership to the Council is open to all member bodies and 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 that lead standards development and 
any strategic advisory boards created on technical matters. 
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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 information technology. [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 sourcesέΦ [1] 

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 (TC) and subcommittees (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 experts for the preparation of a working drafts. Subcommittees 
may have several working groups, which may have several Subgroups (SG). The details of the six above-
mentioned studies are briefly presented in the Table 2-1 below. 

 

Stage 
code 

Stage 
Associated document 

name 
Abbreviations 

Description 
Notes 

00  Preliminary  Preliminary work item  PWI  

10  Proposal  New work item proposal    

20  Preparatory  Working draft or drafts    

30 Committee Committee draft or drafts 
CD, CD Amd/Cor/TR/TS, 
PDAmd (PDAM), PDTR, PDTS 

 

40 Enquiry Enquiry draft 
DIS, FCD, FPDAmd, DAmd 
(DAM), FPDISP, DTR, DTS (CDV in IEC)  

50 Approval Final draft 

FDIS, FDAmd (FDAM), PRF, 
PRF Amd/TTA/TR/TS/Suppl, 
FDTR 

 

60 Publication 
International Standard ISO, TR, TS, IWA, Amd, Cor  

90 Review 

95 Withdrawal    
 

Table 2-1. Stages in the development process of an ISO standard 

The abbreviations used in the table have the following definition: 

¶ PWI ς Preliminary Work Item. 
¶ NP or NWIP ς New Proposal / New Work Item Proposal (e.g., ISO/IEC NP 23007). 
¶ AWI ς Approved new Work Item (e.g., ISO/IEC AWI 15444-14). 
¶ WD ς Working Draft (e.g., ISO/IEC WD 27032). 
¶ CD ς Committee Draft (e.g., ISO/IEC CD 23000-5). 
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¶ FCD ς Final Committee Draft (e.g., ISO/IEC FCD 23000-12). 
¶ DIS ς Draft International Standard (e.g., ISO/IEC DIS 14297). 
¶ FDIS ς Final Draft International Standard (e.g., ISO/IEC FDIS 27003). 
¶ PRF ς Proof of a new International Standard (e.g., ISO/IEC PRF 18018). 
¶ IS ς International Standard (e.g., ISO/IEC 13818-1:2007). 
¶ NP Amd ς New Proposal Amendment (e.g., ISO/IEC 15444-2:2004/NP Amd 3). 
¶ AWI Amd ς Approved new Work Item Amendment (e.g., ISO/IEC 14492:2001/AWI Amd 4). 
¶ WD Amd ς Working Draft Amendment (e.g., ISO 11092:1993/WD Amd 1). 
¶ CD Amd / PDAmd ς Committee Draft Amendment / Proposed Draft Amendment (e.g., ISO/IEC 13818-

1:2007/CD Amd 6). 
¶ FPDAmd / DAM (DAmd) ς Final Proposed Draft Amendment / Draft Amendment (e.g., ISO/IEC 14496-

14:2003/FPDAmd 1). 
¶ FDAM (FDAmd) ς Final Draft Amendment (e.g., ISO/IEC 13818-1:2007/FDAmd 4). 
¶ PRF Amd ς (e.g., ISO 12639:2004/PRF Amd 1). 
¶ Amd ς Amendment (e.g., ISO/IEC 13818-1:2007/Amd 1:2007). 
¶ TR ς Technical Report (e.g., ISO/IEC TR 19791:2006). 
¶ DTR ς Draft Technical Report (e.g., ISO/IEC DTR 19791). 
¶ TS ς Technical Specification (e.g., ISO/TS 16949:2009). 
¶ DTS ς Draft Technical Specification (e.g., ISO/DTS 11602-1). 
¶ PAS ς Publicly Available Specification. 
¶ TTA ς Technology Trends Assessment (e.g., ISO/TTA 1:1994). 
¶ IWA ς International Workshop Agreement (e.g., IWA 1:2005). 
¶ Cor ς Technical Corrigendum (e.g., ISO/IEC 13818-1:2007/Cor 1:2008). 
¶ Guide ς a guidance to technical committees for the preparation of standards. 

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 so-called "Fast-track 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 an international standardizing body recognized by the ISO Council. 

The first stepτa proposal of work (New Proposal) is approved at the relevant subcommittee or technical 
committee, e.g. in the case of the IEC 62443 family of standards at first glance looks as a result of the typical 
standards creation procedure: national committees agreed upon a common standard, by submitting required 
inputs to the IEC working groups. However, 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 a "simulation 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 a standard but is kept internal to working group for revision. When a working draft is 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 to the P-members of the TC/SC 
(national bodies) for ballot. For example, 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 number of positive votes exceeds the 
quorum. 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 is 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 a two-thirds majority of the P-members of the 
TC/SC are in favour and if not more than one-quarter of the total number of votes cast are negative. ISO will 

https://en.wikipedia.org/wiki/International_Organization_for_Standardization#International_Workshop_Agreements
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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 a two-thirds majority of the P-
members of the TC/SC is in favour and not more than one-quarter 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 central secretariat, which publishes it as the International Standard. 

2.2 International Electrotechnical Commission  

The International Electrotechnical Commission (IEC) is a global, not-for-profit membership organization that 
brings together more than 170 countries and coordinates 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 distribution to home 
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, interoperability, performance, and the 
environment for a vast range of technology areas, including energy, manufacturing, transportation, 
healthcare, homes, buildings, and cities. 

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

 
Figure 2-2. Current organizational chart of IEC (Source: https://www.iec.ch/homepage) 

The strategic objectives of the organization are the following: 

¶ Market and societal relevance: responding effectively to market and society needs, bringing 
together all relevant stakeholders, and providing innovative solutions to collaborate with other 
organizations (international and regional standards development organizations). 
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¶ Sustainable business model: inspiring 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 business model. 

¶ Flexible organization: achieving a transparent governance structure that addresses opportunities 
and challenges, ensuring IEC work is relevant and used everywhere, representing all relevant 
ƛƴǘŜǊŜǎǘǎ ŀǘ ŀƭƭ ƭŜǾŜƭǎΣ ŀƴŘ ŀǘǘǊŀŎǘƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ best leaders and experts. 

¶ Agile operations: embracing new ways of working, creating flexible, efficient, and cost-effective 
processes and operations, and providing state-of-the-art IT tools. 

The IEC work considered in this deliverable is comprising from approved standards together with their new 
editions (in progress) together with the pre-normative activity, like technical specifications (TS) and technical 
reports (TR). 

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

The standardization process take place in strict coordination with ISO (see the previous paragraph). 

For the work in CROSSBOW, the most relevant IEC activity is done by the following Technical Committees: 

¶ TC8 ς System aspects of electrical energy supply. Scope: to prepare and coordinate, in co-operation 
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 energy. The scope of TC8 includes, but is not limited to, 
standardization in the field of terminology for the electricity supply 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 systems e.g., micro-grids, systems for rural electrification. While 
ǊŜƭȅƛƴƎ ƻƴ ŜŦŦƛŎƛŜƴǘ ŀƴŘ ǎŜŎǳǊŜ Řŀǘŀ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƴŘ ŜȄŎƘŀƴƎŜΣ ¢/ уΩǎ ǎŎƻǇŜ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ 
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 fields. TC8 cooperates also with several organizations 
active in the field of electricity supply such as CIGRE, CIRED, IEEE, AFSEC and IEA. 

¶ TC13 ς Electrical energy measurement and control. Scope: standardization in the field of a.c. and 
d.c. electrical energy measurement 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 ς Secondary cells and batteries. Scope: 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, operation) irrespective of type or 
application or configuration (hybrid, stand alone, module). Main applications include automotive 
(car, motorcycle, truck) for starting, lighting, ignition, start/stop, industrial (telecom, UPS, reliable 
power supply and traction), electrical vehicles (full electrical vehicle, hybrid car, bicycle), portable 
(computer, tool, lamp), onboard batteries (aircraft, railway, ship, motorhome), energy storage 
(renewable, on- grid and off-grid). All electrochemical systems are considered such as Lead acid, 
Nickel based (NiMH, NiCd) and Lithium based. New battery technologies and chemistries such as 
flow batteries and High temperature batteries (e.g., sodium sulphur, sodium nickel chloride) are 
included. The work is shared between TC21 and SC21A 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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¶ TC57 ς Power systems management and associated information exchange. Scope: to prepare 
international standards for power systems control equipment and systems including EMS (Energy 
Management Systems), SCADA (Supervisory Control and Data Acquisition), distribution automation, 
teleprotection, and associated information exchange for real-time and non-real-time information, 
used in the planning, operation, and maintenance of power systems. Power systems management 
comprises control within control centers, substations and individual pieces of primary equipment 
including tele-control 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. 

¶ TC85 ς Measuring equipment for electrical and electromagnetic quantities. Scope: to prepare 
international standards for equipment, systems, and methods used in the fields of measurement, 
test, recurrent test, monitoring, evaluation, generation, 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 distribution systems, electrical 
measuring transducers, signal generators, recorders together with their accessories. 

¶ TC120 ς Electrical Energy Storage (EES) Systems. Scope: investigates system aspects and the need 
for new standards for EES Systems focusing on system aspects on EES Systems rather than energy 
storage devices. This 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 scope of TC 120 is to prepare normative documents dealing with the system 
aspects of EES Systems. CƻǊ ¢/мнлΣ άƎǊƛŘέ ƛƴŎƭǳŘŜǎ ŀƴŘ ƛǎ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴ ǘǊŀƴǎƳƛǎǎƛƻƴ 
grids, distribution grids, commercial grids, industrial grids, residential grids, islanded 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 grid or 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 and to discharge 
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 and CENELEC are international non-profit associations. They are officially recognized as European 
Standardization Organizations (alongside ETSI, the European Telecommunications Standards Institute). The 
close collaboration between CEN and CENELEC was consolidated at the start of 2010 by the creation of a 
common CEN-CENELEC 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, facilitate cross-border 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) can be offered 
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 Standards and other 
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 applied 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 national standard 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: 

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

¶ To provide standards driven by business and made through a transparent, balanced and consensus-
based process in which relevant stakeholders are involved. 

¶ To produce high-quality standards for products and services that incorporate quality, safety, 
environmental, interoperability and accessibility requirements.  

¶ To adapt proactively to new developments and support European competitiveness, the protection 
of the environment and sustainable growth for the well-being 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 CEN-CENELEC Presidential Committee. 

The current organizational structure it is presented in the Figure 2-3 below. 

 

Figure 2-3. CEN ς CENELEC organizational chart (Source: 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 parties and other stakeholders - including businesses, consumers, 
and environmental groups, among others. 

¢ƘŜ ŦƻǊƳŀƭ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ ǎǘŀƴŘŀǊŘ ƛǎ ŀ άŘƻŎǳƳŜƴǘΣ ŜǎǘŀōƭƛǎƘŜŘ ōȅ ŎƻƴǎŜƴǎǳǎ ŀƴŘ ŀǇǇǊƻǾŜŘ ōȅ ŀ ǊŜŎƻƎƴƛȊŜŘ 
body, that provides, for common and repeated use, rules, guidelines or characteristics for activities or their 
ǊŜǎǳƭǘǎΣ ŀƛƳŜŘ ŀǘ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ǘƘŜ ƻǇǘƛƳǳƳ ŘŜƎǊŜŜ ƻŦ ƻǊŘŜǊ ƛƴ ŀ ƎƛǾŜƴ ŎƻƴǘŜȄǘέΦ 

The process for developing a European standard it is briefly presented in the Figure 2-4 below. 

 

 
Figure 2-4. The process for developing and European standard (Source: https://www.iec.ch/homepage) 

The complete list of CEN-CENELEC standards in force nowadays is presented in SEGCG/M490/G Smart Grid 
Set of Standards ς Version 4.1, issued by CEN-CENELEC-ETSI Coordination Group on Smart Energy Grids (CG-
SEG), in January 6th, 2017 [1], In line with the before-mentioned document, the areas of interest for the 
CROSSBOW products are the following: 

¶ Generation management systems; 

¶ Transmission; 

¶ Distribution; 

¶ Market; 
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¶ Administration; 

¶ Crosscutting. 

2.4 Institute of Electrical and Electronics Engineers 

With collaborative thought leaders in more than 160 countries, IEEE SA is a leading consensus-building 
organization that enables the creation and 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 market-relevant standards is 
important as prevalent as everτand 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 pre-standardization 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 through world-wide 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 monitoring systems 
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, subject of interest from CROSSBOW perspective.  

The main objectives of the IEEE standards are the following: 

¶ Enhance Global Reach: cultivates collaboration and helps to mobilize people from diverse 

backgrounds and industry sectors in a unique borderless standardization paradigm to develop market 

relevant open standards and solutions that go beyond standards. 

¶ Get a Direct Connection to Industry: by participating in IEEE SA global standards development and 

related programs, get connected to experts, resources, and informationτempowering him with 

advanced insights into market requirements, needs and trends for a competitive edge. 

¶ Pave New Paths: members of the growing IEEE SA community create new market spaces and enhance 

existing ones, and work to proactively improve how standards are developed, used, and innovated 

upon to benefit end users in the marketplace and benefit humanity. 

¶ Contribute to the Building Blocks for a Sustainable Future: global, open standards play a prominent 

role in our lives. They are the unseen force behind innovation, serving as building blocks for a better 

world. By being part of IEEE SA and its programs, one help make technology safer, interoperable, and 

sustainable for the future. 

IEEE SA is governed by the Board of Governors (BOG) who are 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 standards 
development 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 and non-members, 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 are the 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 IEEE-SA Standards Sponsor concerning 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 entity-based or individual-based standards development process for the project. 
Any IEEE-SA Standards Sponsor, except for the IEEE-SA Corporate Advisory Group may support individual-
based or entity-based Study Groups. The IEEE-SA Corporate Advisory Group may support entity-based Study 
Groups either jointly with another IEEE-SA Standards Sponsor or independently when another IEEE-SA 
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 community. 
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3 ANALYSIS OF SYSTEM OPERATION AND STANDARDS FRAMEWORK AT 
NATIONAL LEVEL IN SEE 

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

It has to be mentioned that the structure of the activity and the collaboration development 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 operation with neighbouring systems. Its purviews 
also include transmission grid operation (400 kV, 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 total length 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. 

 

Voltage Level 
Transmission lines Substations Transformers 

Length (km) Number Installed capacity (MVA) 

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 3-1. Bulgarian power system 

In relation with the cross-border 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 neighbouring countries (4 connections with Romania, 3 connections with Republic of Serbia, 1 connection 
with Greece, 2 connections with Turkey and 3 connections with Republic of Macedonia). 

The Table 3-2 shows the installed capacity and energy production mix of the country, by various technologies 
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 needs in the Balkan region. 

 

Table 3-2. Bulgaria Installed Capacity and Energy Production 

 

 

Installed capacities Gross generation

MW MWh

2 000 16 559 377

5 710 21 253 048

3 211 3 380 036

701 1 490 765

1 059 1 252 619

77 351 191

12 758 44 287 036

Biomass

Total

Nuclear

Thermal - total

Hydro

Wind

Photovoltaic

Generation type
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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 with neighbouring networks through the interconnectors on 400kV 
voltage level and interconnectors on voltage level 110kV (operated temporarily in island mode). 

 

Figure 3-1. 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, the ex-owner was not interested in strengthening and 
development of the transmission network, including RES penetration as a general concept. As a result, each 
w9{ ƛƴǎǘŀƭƭŀǘƛƻƴ ǿŀǎ ŎƻƴƴŜŎǘŜŘ ŀǘ ǘƘŜ ƴŜŀǊŜǎǘ ŀǾŀƛƭŀōƭŜ ƴŜǘǿƻǊƪ ŜƭŜƳŜƴǘ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇŀƭ άŦƛǊǎǘ ŎƻƳŜΣ ŦƛǊǎǘ 
ǎŜǊǾŜŘέΦ CƛƴŀƭƭȅΣ ǘƘŜ ¢{h ǿŀǎ ŦƻǊŎŜŘ ǘƻ ŀǇǇƭȅ ŎǳǊǘŀƛƭƳŜƴǘ ƻŦ w9{ ƎŜƴŜǊŀǘƛƻƴ ŘǳǊƛƴƎ ǎƻƳŜ Ƙƻurs when specific 
ƭƛƴŜΩǎ ǘƘŜǊƳŀƭ ƭƛƳƛǘǎ ǿŜǊŜ ǊŜŀŎƘŜŘΦ .ŜŦƻǊŜ ǘƘŜ ŜƴŘ ƻŦ нлмпΣ ǘƘŜ ¢{h ƛƳǇƭŜƳŜƴǘŜŘ ŀŎǘƛƻƴ Ǉƭŀƴ ǘƻ ŦƻǊŎŜ ƎǊƛŘ 
development and avoid further curtailment of RES generation. 

There are three DSOs operating medium and low voltage networks in Bulgaria covering the territory shown 
on the map below. 

 

Figure 3-2. DSOs in Bulgaria 

The Bulgarian Institute for Standardization (BDS [1]) is 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 European organizations for standardization, as its main target is to defend the Bulgarian 
interests in that sphere. 

National regulatory authority is Energy and Water Regulatory Commission (EWRC [3]) that is responsible 
about all regulatory issues and market monitoring. 

3.1.1 Systems aspects for electrical energy transmission 

System adequacy index (SAI=1-LOLP) is the basic standard for security of supply defined in Energy Act. 
Technically, 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 damages 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 to network code and SAFA (ENTSO-E). 

On distribution level, the main metrics for quality of supply are SAIDI and SAIFI. EWRC monitors on yearly 
base 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 below 1 MW 
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 level ς Grid integration 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 requirements: 

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 connection of RES to the transmission network, the step-up transformers 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. 

4. The admissible voltage 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 transmission 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, Plt <= 0.6 to the transmission network and Ps t <= 0.9, Plt <= 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 frequency deviation 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 be carried out only 

after explicit permission from the transmission system operator. 

10. RES must be involved in the voltage regulation at the point of connection to the electrical network in 

accordance with its technical capabilities and in accordance with the requirements 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 electrical network. 

11.  The quality of the electricity produced by RES must correspond to BDS IEC 61000-2-2 and 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 access of the 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 network has 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 provides 

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 network operator 

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 generation of RES, the transmission system operator shall 

publish on its website; 

14. RES must allow short-term decrease and increase of voltage values without being disconnected from 

the grid as follows: 

¶ voltage drop below 50% Un for up to 0.7 s. 

¶ voltage increase above 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 the fulfilment of the above-mentioned requirements the operator of the electrical 

network has the right to install and maintain at its own expense specialized measuring devices 

(recorders or network analysers) for analysing and evaluating the disturbances introduced. 

17. RES connected to the transmission network need to provide to the operator technical data in a 

format allowing accurate modelling of the power station for computational purposes (calculation of 

short-circuit currents, load flow analysis, flow distribution, dynamic stability study). 

18. Connection to the transmission and distribution 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 regulatory framework and codes for RES-connection in transmission networks.  

Regulatory framework for RES-connection is defined in RES Act, connection code and network code. 

3.1.4 Battery Energy Storage System 

The regulatory framework (connection and operation) is under development 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 shall be fitted with 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 hydraulic-turbine generators 25 MVA or less: least common multiplicity 1,5/minimum time 10 s.  
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2. For hydraulic-turbine generators more than 25 MVA ς least common multiplicity 1,8/minimum time 

20 s. 

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 Hz ς 53,0 Hz range.  

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 equipped with an 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 MVA ς minimum ± 1%.  

2. for generators over 25 MVA ς minimum ± 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 automatic excitation 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 than 25 MVA 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 participation 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 
ŜȄǘŜǊƴŀƭ ǎƻǳǊŎŜ ƻŦ ŀƭǘŜǊƴŀǘƛƴƎ ǾƻƭǘŀƎŜ ŦƻǊ ƘƻǳǎŜ ǎǳǇǇƭȅ όάōƭŀŎƪέ ǎǘŀǊǘύΦ ¢ƘŜ ŀǳǘƻƳŀǘƛŎ ŜȄŎƛǘŀǘƛƻƴ ǊŜƎǳƭŀǘƻǊǎ ƻŦ 
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 electrical 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 maximum 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 for maintaining the active power assigned to the generator within the following precision limits:  

1. For units not exceeding 25 MW ς minimum ± 2%.  

2. For units over 25 MW ς minimum ± 1%. 

The systems for automatic regulation of turbine rotation speed shall provide a possibility 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 capacity 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 regulation shall provide 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 units designed for participation in the 
secondary load and frequency control of the power system shall provide a possibility for higher-hierarchical 
level variation of the assigned active power. The systems for automatic turbine speed regulation of units 
designed for 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 control is affected after a modified static or astatic characteristic. Transition 
from the assigned static characteristic to another static or astatic characteristic shall be done:  

1. by criteria built into the regulator (upper or lower frequency limit, frequency or load variation rate);  

2. by the power plant operator using a control key.  

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 designed for participation in power system 
restoration after major accidents (water and gas turbines) shall provide a possibility for acceleration and 
ƭƻŀŘƛƴƎ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀƴ ŜȄǘŜǊƴŀƭ ŀƭǘŜǊƴŀǘƛƴƎ ǾƻƭǘŀƎŜ ǎƻǳǊŎŜ ŦƻǊ ƘƻǳǎŜ ǎǳǇǇƭȅ όάōƭŀŎƪέ ǎǘŀǊǘύΦ 

All above-mentioned 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 information exchange 

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

The biggest RES transmits real time information to TSO that includes active/reactive power, voltage level, 
meteorological data (wind speed and direction, temperature, and solar irradiance) and the position of circuit 
breakers. OPGW network of TSO is used for these purposes. Communication protocols are IEC 60870-5-
101and IEC 60870-5-104 for data acquisition from substations. ICCP protocol for SCADA communication is 
used between dispatching center and neighbouring TSOs (real time data exchange). 

3.1.7 Electrical energy measurement 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). On-line reading of the measurements should be 
on place.  

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

Over-frequency protection is applied to RES, according to the network code: 

50.3 Hz, 0.2s 
Disconnection of photovoltaics and asynchronous/induction generators from the 
transmission network 

50.3 Hz, 2s 
Disconnection of wind, biomass, simple and combined cycle gas synchronous generators 
from the transmission network 

3.1.8 Measuring equipment for electrical and electromagnetic quantities 

Electrical quantities are measured by meters and instrument transformers. PMUs are used only in ex-post 
mode for analysis after the events. 

3.2 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN GREECE 

The electricity market [4] 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. Key reforms are being introduced aiming to enhance 
competition, remove significant distortions in the market, and modernize the electricity network 
infrastructure. The current legal framework [5] entails:  
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a) [ŀǿ пллмκнлммΣ hW мтф ɮκннΦлуΦнлммΣ ŀǎ ŀƳŜƴŘŜŘΣ όǘƘŜ 9ƴŜǊƎȅ CǊŀƳŜǿƻǊƪ [ŀǿύΦ 

b) [ŀǿ прмнκнлмуΣ hW !ΩрκмтΦлмΦнлму ǊŜƎǳƭŀǘƛƴƎ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ ƻŦ ǘƘŜ 9ƴŜǊƎȅ 

Exchange, (the Energy Exchange law). 

There are ǎŜǾŜǊŀƭ ōȅƭŀǿǎ ŦƻǊ ǊŜƎǳƭŀǘƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΣ ǎǳŎƘ ŀǎΥ ǘƘŜ ¢ǊŀƴǎƳƛǎǎƛƻƴ {ȅǎǘŜƳ /ƻŘŜ όhW ɰ 
млоκомΦмΦнлмнύ ŀƴŘ ŀ ǎŜǊƛŜǎ ƻŦ ǊǳƭŜōƻƻƪǎ ƛƴ ŜȄŜŎǳǘƛƻƴ ǘƘŜǊŜƻŦΣ ǘƘŜ 5ƛǎǘǊƛōǳǘƛƻƴ bŜǘǿƻǊƪ /ƻŘŜ όhW .Ω 
78/20.01.2017), the Non-Interconnected Islands Network CodŜ όhW ɰ олпκммΦнΦнлмпύΣ ǘƘŜ 9ƭŜŎǘǊƛŎƛǘȅ aŀǊƪŜǘ 
Operation Code (OJ B 103/31.01.2012) and its rulebooks, the Electricity Supply Code (OJ B 832/9.4.2013), 
ŀƴŘ ǘƘŜ [ƛŎŜƴǎƛƴƎ wŜƎǳƭŀǘƛƻƴ ŦƻǊ 9ƭŜŎǘǊƛŎƛǘȅ {ǳǇǇƭȅ ŀƴŘ ¢ǊŀŘŜ όhW ɰ нфплκрΦммΦнлмнύΣ ǿƘƛƭŜ ŀǎ ǊŜƎŀǊŘǎ 
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 Power Transmission 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 safe, efficient 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% DES ADMIE S.A. and 24% STATE GRID EUROPE LIMITED (SGID). Finally, the certification of IPTO S.A. under 
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 European Commission taking into consideration Regulatory Energy 
!ƎŜƴŎȅΩǎ όw!9ύ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŘŜŎƛǎƛƻƴ нстκнлмтΦ 

The transmission system includes: a) High Voltage Lines, b) Cross-Border Interconnection Lines, and c) the 
total facilities and equipment necessary for 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 lines). The Public 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 distribution 
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 the non-interconnected 
system of the islands.  

DSO 

The Hellenic 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 and is responsible for the development, operation and 
maintenance of the Hellenic Electricity Distribution Network as well as the Power System and Market 
Operator for the Non-Interconnected Islands of the country. HEDNO is obliged to present unbundled financial 
statements (Balance Sheets and Profit & Loss Accounts) to the Regulatory Authority for Energy in-line with 
the Greek Energy Law 4001/2011 and the European Directive 2009/7. The distribution network includes 
ммнΦнфр ƪƳ ƻŦ aŜŘƛǳƳ ±ƻƭǘŀƎŜ bŜǘǿƻǊƪ όɾΦ±Φύ ŀƴŘ 126.941 km of Low Voltage Network (L.V.), 163.220 
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 non-Interconnected islands, 240 High/Medium Voltage Substations, 7.543,107 
CustoƳŜǊǎ όммΦссл aΦ±Φ ϧ тΦромΣппт [±ύ ŀƴŘ поΦмфп D²I /ǳǎǘƻƳŜǊǎΩ ŎƻƴǎǳƳǇǘƛƻƴǎ όммΦтрр ƛƴ aΦ±Φ ϧ 
31.439 in LV). 

Energy Generation Mix 

The Net Electricity Generation [6] by main activity producers (including Combined Heat and Power 
generation) amounted to 51 thousand Gigawatt-hour (GWh) in 2018, cumulatively reduced by 12% in 2018 
compared to 2008, mainly as a result of the economic crisis. Electricity generation has substantially 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 gross electricity generation in 2018, reduced by 33% since 2008. Lignite is not any 
more the dominant fuel in electricity generation as its share in electricity generation dropped from 52% in 
2008 to 29% in 2018. RES in net electricity generation over doubled in 2018 compared to 10% in 2008, 
standing at 31% of production. HydropowerΩǎ ǎƘŀǊŜ ƛƴŎǊŜŀǎŜŘ ǘƻ мл҈ ƛƴ нлмуΣ ŦǊƻƳ р҈ ƛƴ нллуΣ ǿƘƛŎƘ 
however is mainly due to better hydraulic conditions in 2018 compared to 2008. Hydropower accounted for 
the largest share of renewable electricity before 2016, although with significant variance per year. Solar 
energy share stood at 7% of net electricity generation in 2018, up from 0% in 2008. Wind energy accounted 
for 12% of net electricity generation in 2018, being almost tripled since 2008. 

RES producers are regulated by a separate RES Law 3468/2006 and its bylaws, such as the RES Licensing 
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 introduced the Feed 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 market [7]. In 2018, the Ministry of Environment and Energy in cooperation with the 
wŜƎǳƭŀǘƻǊȅ !ǳǘƘƻǊƛǘȅ ŦƻǊ 9ƴŜǊƎȅ ǇǊƻŎŜŜŘŜŘ ǿƛǘƘ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ ¢ŀǊƎŜǘ aƻŘŜƭέ 
and the EU Regulation 1227/2011 (REMIT), Law 4512/2018 for the establishment of the Energy Exchange 
όDƻǾŜǊƴƳŜƴǘ DŀȊŜǘǘŜ !Ω рκмтΦлмΦнлмуύ ǿŀǎ ǊŀǘƛŦƛŜŘ ōȅ ǘƘŜ DǊŜŜƪ tŀǊƭƛŀƳŜƴǘΣ ƘŜƴŎŜ ŀƭǘŜǊƛƴƎ [ŀǿ ппнрκнлмс 
and Law 4001/2011, and leading to the establishment of the Hellenic Energy Exchange (HEnEx S.A.), that is, 
the competent body for operating Electricity, Natural Gas, and Energy and environment related products. 
The provisions of Law 4512/2018 and Law 4425/2016 led to w!9Ωǎ 5ŜŎƛǎƛƻƴ осфκнлму όDŀȊŜǘǘŜ ɰΩ 
1880/24.5.2018) on the operating rules for the electricity markets of Balancing, Day-Ahead 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 split-off and contribution of the relevant sector to 
HEnEx and has been renamed 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 taken all the necessary 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 code) with the new Law 4559/2018 όDŀȊŜǘǘŜ ɮ˘ мпнκлоΦлуΦнлмуύ ƻƴ ǘƘŜ ¢Ǌŀƴǎƛǘƛƻƴŀƭ 
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 owns the distribution network. 
PPC is owned by the Hellenic Corporation of Assets and Participations and the Hellenic Republic Asset 
Development Fund (aggregated 51.12 per cent share for the two companies) and several insurance funds 
(3.93 per cent), with the remaining percentage (44.95 per cent) held by private investors. 

(ii) HEDNO is a wholly owned subsidiary of the PPC resulting from the separation of its distribution segment 
under the Energy Law. The Distribution System Operator is independent in its operation and management, 
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 a transparent and impartial access of consumers and of all the network users in general. 

(iii) 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 High-Voltage Transmission System ("System") responsible for its operation, 
exploitation, development, and 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 present shareholders 
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 TSO, and 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 ("Operator of RES" ς 
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 activities are carried out in accordance with the Code of RES Operator 
and Guarantees of Origin. 

(v) The Hellenic Energy Exchange SA ("HEnEx") was established in the context of the reform of the Greek 
energy market, i.e., towards its harmonization with the requirements 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 Exchange 
Group (21 per cent), ADMIE (20 per cent), EBRD (20 per cent), Hellenic Gas Transmission System Operator SA 
("DESFA") (7 per cent) and Cyprus Stock Exchange (10 per cent). Under the new framework, LAGIE 
assigned/contributed all of the activities that were relevant to the operation and the management of the 
Day-ŀƘŜŀŘ {ŎƘŜŘǳƭƛƴƎ όά5!{έύΣ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ IŜƭƭŜƴƛŎ 9ƴŜǊƎȅ 9ȄŎƘŀƴƎŜ {! όōȅ ǿŀȅ ƻŦ 
spinoff). HEnEx is responsible for the administration and the operation of the day-ahead market, the intraday 
market, and the energy financial instruments/products market. HEnEx 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 electǊƛŎƛǘȅ ƳŀǊƪŜǘ Ƙŀǎ ōŜŜƴ ǊŜǎǘǊǳŎǘǳǊŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ 9¦Ωǎ ¢ŀǊƎŜǘ aƻŘŜƭ ŀƴŘ Ƙŀǎ 
supported its connection with European markets. HEnEx supports regional integration by facilitating market 
coupling with Greece's neighbours (i.e., Italy and Bulgaria) and offers 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 cash-settled energy derivative products. The 
introduction of physical and cash-ǎŜǘǘƭŜŘ ŜƴŜǊƎȅ ŘŜǊƛǾŀǘƛǾŜ ǇǊƻŘǳŎǘǎ ƻƴ I9ƴ9ȄΩǎ ǇƭŀǘŦƻǊƳ Ƙŀǎ ŀƭƭƻǿŜŘ ƳŀǊƪŜǘ 
participants to hedge their electricity market risk with improved pricing across different time frames. 

Description of the wholesale market (Source: RAE National Report 2019) 

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 following [8][9]: Day-Ahead, 
Intraday and Balancing which operate as wholesale energy product markets, according to Regulation (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. 

¶ In the Day-Ahead Market, transaction orders for supply and demand will be submitted per 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 per load zone. Aggregators submit different orders for 
supply and demand. Producers are obliged to submit orders for supply for the total amount of their 
ǳƴƛǘǎΩ ŎŀǇŀŎƛǘȅ ǿƘƛŎƘ Ƙŀǎ ƴƻǘ ōŜŜƴ ōƻǳƴŘ ǘƘǊƻǳƎƘ CƛƴŀƴŎƛŀƭ 9ƴŜǊƎȅ aŀǊƪŜǘǎ ƻǊ ōƛƭŀǘŜǊŀƭƭȅ ƻǳǘ ƻŦ ǘƘƛǎ 
Market with a commitment of physical delivery. 

¶ 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 RES injection 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. 

¶ The Balancing Market is based on the principle of the central scheduling 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 34 

CROSS BOrder management of variable renewable energies 
and storage units enabling a transnational Wholesale market 

which constitutes a balancing 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. Day-ahead scheduling model consist of the 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, auto-producers and importers 
must declare an offer price for each hour of the following day for their available capacity to supply electricity 
ǘƻ ǘƘŜ ǎȅǎǘŜƳΦ /ǳǊǊŜƴǘƭȅ ŀ ŎŀǇ ƻŦ 9¦w оллκa²Ƙ ŀǇǇƭƛŜǎ ǘƻ ŀƭƭ ƎŜƴŜǊŀǘƻǊǎΩ ƻŦŦŜǊǎΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ŀƭƭ ōǳȅŜǊǎ 
of electricity; retailers, exporter, pumped storage hydro and self- supplied consumers must submit demand 
declarations for each hour of the following day, while not submitting price-based offers. The day ahead 
market clears on an hourly basis according to a system marginal price (SMP), corresponding to the economic 
offer of the block lastly accepted in the economic merit order to meet demand. 

The TSO runs the system using an algorithm which co-optimizes energy, ramping and ancillary services and 
runs at day ahead in real time. To address the load 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 stand-by at their minimum stable level, rapidly increasing or decreasing 
ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ŀǊŜ ǘƘŜǊŜŦƻǊŜ ŎŀƭƭŜŘ ǘƻ ƻǇŜǊŀǘŜ ŀǎ άƳǳǎǘ Ǌǳƴέ ǇƭŀƴǘǎΦ !ǎ ƭƛƎƴƛǘŜ ƎŜƴŜǊŀǘƛƻƴΣ Ƙŀǎ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘ 
ramping up capability, the system must be based on natural gas fired generation (in the older times in oil 
fired generation) and hydroelectric generation. 

The Greek wholesale electricity market continues to operate as a day-ahead 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, retaining exclusive access to cheap lignite and 
hydro resources, while retail prices, despite the gradual removal of cross-subsidies, were not linked to 
ǿƘƻƭŜǎŀƭŜ ŎƻǎǘǎΣ ōǳǘ ǊŀǘƘŜǊ ǊŜƎǳƭŀǘŜŘ ŀǘ tt/Ωǎ ŀǾŜǊŀƎŜ ŎƻǎǘΣ ǘƻ ǘǊŀƴǎŦŜǊ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ǘƘŜ ƎŜƴŜǊŀǘƻǊ ǎǳǊǇƭǳs 
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 pooƭύ ƛƴŎƻǊǇƻǊŀǘŜǎ ǘǿƻ ŘƛǎǘƛƴŎǘ άǎŜǘǘƭŜƳŜƴǘ ǇǊƻŎŜǎǎŜǎέΥ 

¶ The day-ŀƘŜŀŘ ƳŀǊƪŜǘΣ ƛƴ ǿƘƛŎƘ ƎŜƴŜǊŀǘƻǊǎΩ ǇŀȅƳŜƴǘǎ όǎǳǇǇƭƛŜǊǎΩ ŎƘŀǊƎŜǎύ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘΣ ōŀǎŜŘ ƻƴ 

the System Marginal Prices (SMP) and the plant schedules derived from the day-ahead dispatch (load 

declarations submitted with a gate closure one day ahead of real time). 

¶ ά¢ƘŜ ǎŜǘǘƭŜƳŜƴǘ ƻŦ ƛƳōŀƭŀƴŎŜǎέΣ ƛƴ ǿƘƛŎƘ ŘŜǾƛŀǘƛƻƴǎ ŦǊƻƳ Řŀȅ-ahead schedules are charged or 

ŎƻƳǇŜƴǎŀǘŜŘΣ ōŀǎŜŘ ƻƴ ǘƘŜ aŀǊƎƛƴŀƭ LƳōŀƭŀƴŎŜ tǊƛŎŜ όLatκʁʆɮύΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǿƘŜǘƘŜǊ ǘƘŜȅ ǊŜŦƭŜŎǘ 

the TSO dispatch orders (the real operated time) or plant-specific 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 operating marginal price of the system. 

Regulatory Body 

In Greece, the 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 Framework Law. 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 change 
mitigation policy initiatives [11]. 

RAE is the independent energy regulator, established in 1999 and 31 authorized to control, regulate and 
supervise the operations of 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 networks, approving and requesting amendments, if 
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necessary, of a ten-year 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 voluntarily referred. It cooperates closely with the Hellenic 
Competition Commission, which has also issued some resolutions on energy disputes with a focus on 
competition law aspects. RAE grants licenses for electricity production: a) for conventional production in 
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 HEDNO which is revised 
annually. Currently, RAE is preparing a four-year 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 2021, while various trial runs are planned until then. 

¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻǇŜǊŀǘƻǊΩǎ ƴŜǿ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƛƴŎƭǳŘŜ ƛƴŎŜƴǘƛǾŜǎ ŜƴŎƻǳǊŀƎƛƴƎ ǘƘŜ 
achievement of goals, such as a reduction of distribution system leakages, network improvements and higher 
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 exchanges [12]. 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 interconnection 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 capacity 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 level ς Grid integration of 
Renewable Energy Generation 

RES connection to the grid (requirements) 

The RES sector of the Greek electricity market is undergoing continuous and significant reform [13]. Among 
other changes, the Hellenic Energy Exchange (HEnEx) has commenced its operation, RES producers 
participate in the day-ŀƘŜŀŘ ƳŀǊƪŜǘ ŀƴŘ ǘƘŜ ǊŜƴŜǿŀōƭŜǎ ǎŜŎǘƻǊ ƛǎ ǊŀǇƛŘƭȅ ŜȄǇŀƴŘƛƴƎ ƛƴ ǘƘŜ ƛǎƭŀƴŘǎΦ DǊŜŜŎŜΩǎ 
new energy plan is targeting greater energy efficiency, electric mobility, and a competitive electricity market 
that could potenǘƛŀƭƭȅ ōǊƛƴƎ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ƛƴ-line with the latest technological and market 
ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ 9¦Φ ¢ƘŜ Ǉƭŀƴ ƴƻǿ ǊŜǉǳƛǊŜǎ ǊŜƴŜǿŀōƭŜǎ ǘƻ ǎǳǇǇƭȅ ор҈ ƻŦ DǊŜŜŎŜΩǎ Ŧƛƴŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ 
in 2030, up from 31% in the previous plan. Interestingly enough, renewable energy systems are set to account 
ŦƻǊ ŀƴ ŀǎǘƻǳƴŘƛƴƎ см҈ ƻŦ DǊŜŜŎŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ нлолΦ wŜƴŜǿŀōƭŜǎ ǿƛƭƭ ŀƭǎƻ ǇǊƻǾƛŘŜ по҈ ƻŦ 
DǊŜŜŎŜΩǎ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎ ŀƴŘ мф҈ ƻŦ ƛǘǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƴŜŜŘǎ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜŎŀŘŜΦ  

The coǳƴǘǊȅΩǎ ǊŜǾƛǎŜŘ ǎǘǊŀǘŜƎȅ ŀƴŘ ƛǘǎ ǇƻǿŜǊ ǎŜŎǘƻǊ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƳƛǘƛƎŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ǿƛƭƭ ōŜ ǇƘŀǎƛƴƎ 
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 capaciǘȅ ŀǘ ǇǊŜǎŜƴǘΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ Ǉƭŀƴ Ŏŀƭƭǎ ŦƻǊ ǘƘŜ ƴŀǘƛƻƴΩǎ 
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 GW of hydropower, 300 
a² ƻŦ ōƛƻƳŀǎǎ ŀƴŘ ōƛƻƎŀǎΣ ŀƴŘ млл a² ƻŦ ƎŜƻǘƘŜǊƳŀƭ ŎŀǇŀŎƛǘȅΦ DǊŜŜŎŜΩǎ ƭŀǘŜǎǘ ǎǘŀǘƛǎǘƛŎǎΣ ǇǳōƭƛǎƘŜŘ ƛƴ 
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 and biogas 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 large-scale, ground-mounted systems awarded via auctions and 
supported by premium tariffs. Both the competitive auctions and premium tariffs are going to remain a part 
ƻŦ DǊŜŜŎŜΩǎ ŜƴŜǊƎȅ ǇƻƭƛŎȅΣ ǿƛǘƘ ŀǳŎǘƛƻƴǎ ǘŀƪƛƴƎ ǇƭŀŎŜ ǳƴŘŜǊ a strict time schedule. The aim is to produce tariffs 
that are similar to other European member states, and to build subsidy-free renewable power generation 
plants. 

Notably, small systems of 1 GW of net-metered and self-consumption distributed systems will be 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 to the existing line to North Macedonia, and the construction of the new line 
to link Greece to Cyprus and Israel. 

As far as the non-connected Greek islands are concerned, new hybrid power systems that use renewable 
energy and storage are being studied. Interconnections 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 network include the following: 

¶ Thermal Limits of network elements.  

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

¶ Slow Voltage Changes. These are steady state voltage variations which are expressed by 10-minutes 
mean values according to EN50160.  Median Voltage Deviation must be less than 3%. 

¶ 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 10 minutes) 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 operation. 

¶ Interference with Communication system of the network. 

The criteria 1 to 4 are evaluated for a number of operating scenarios: 

¶ Maximum Load Demand ς No RES production. 

¶ Maximum Load Demand ς Maximum RES production. 

¶ Minimum Load Demand ς No RES production. 

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

¶ Average Load Demand- Maximum RES production. 

Grid integration of Renewable Energy Generation 

By the end of 2019, RAE published Decision 663 regulating the RES electricity 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 with interruption ability; 900MW for solar power production; 100MW for small hydroelectric 
station production; 80MW for biomass, biofuel, geothermal, solar-thermal energy and combined heat and 
power plant production; and 30MW for energy produced by RES operated by 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 up its 5-year Network 

Development Plan (NDP). DSO provides the following data to the TSO: 

¶ Load and DG forecasting for the next 10 years on an annual basis. 

¶ DSO needs for HV network reinforcements (existing HV substations, HV disconnectors etc). 

¶ DSO provides the TSO with any 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 quality. 

o Facilitate new DG connections. 

All abovementioned projects are included in HEDNO 5-year 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 Development Plan of the TSO and DSO are exchanging information 

regarding the progress of construction of projects of common interest. The TSO is also cooperating with the 

DSO regarding the planning of new interconnections with the non-interconnected islands of Greece. In that 

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

3.2.3 Relevant regulatory framework and codes for RES-connection in transmission networks.  

There are several grid connection procedures for RES [12], [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. 267, 268 GTSC). 

Every operator of a renewable energy plant function 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 production license (art. 3 Law 3468/2006). This license is 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 transmission or 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 at the 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 procedure consists 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 Assessment (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 EIA is 

valid for 10 years (art. 8 par. 7 Law 3468/2010). The interested party shall 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 agrees 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 necessary licenses for the finalization of 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, www.deddie.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 will be installed and 

have carried out the relevant technical study. HEDNO examines the application and sends, within one month 

from receipt of the application, a Grid-connection Offer to the interested person, including a description of 

necessary works as well as related costs. This grid-connection offer is valid for three (3) months from its date 

ƻŦ ƛǎǎǳŜ όŀǊǘΦп ǇŀǊΦн C9Y .Ω оруоκнлмпύΦ  

Production license: RAE is obliged to issue such a license within 2 months and may consult the TSO (ADMIE) 

or the DSO (HEDNO) (art. 3 par. 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 small-scale RES 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 18 - 24 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 accepted (ŀǊǘΦп ǇŀǊΦо C9Y .Ω оруоκнлмпύΦ CƻǊ t± Ǉƭŀƴǘǎ ǳƴŘŜǊ ǘƘŜ ƴŜǿ 

(virtual) net metering scheme, a similar but more detailed connection process is followed. The basic 

ŘƛŦŦŜǊŜƴŎŜ ƛǎ ǘƘŀǘ ŀŦǘŜǊ ǘƘŜ /ƻƴƴŜŎǘƛƻƴ !ƎǊŜŜƳŜƴǘ ƛǎ ǎƛƎƴŜŘΣ ǘƘŜ άbŜǘ-aŜǘŜǊƛƴƎ !ƎǊŜŜƳŜƴǘέ ƻǊ ǘƘŜ ά±ƛǊǘǳŀƭ 

Net-aŜǘŜǊƛƴƎ !ƎǊŜŜƳŜƴǘέ ƛǎ ǎƛƎƴŜŘ όŀǊǘΦ у aƛƴΦ wŜǎκCмκƻƛƪΦмтрлстύΦ 

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 to the mainland power grid, usually referred to as the Non-
Interconnected Islands, or NIIs)[15].  

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 Ionian islands and 
since May 2018 13 Cycladic islands. In November 2018, the first stage of the interconnection with Crete (the 
largest Greek island) officially commenced, with the execution of the requisite contract.  

!ŎŎƻǊŘƛƴƎ ǘƻ DǊŜŜŎŜΩǎ ƴŜǿ bŀǘƛƻƴŀƭ tƭŀƴ ŦƻǊ 9ƴŜǊƎȅ ŀƴŘ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ ǇǳōƭƛǎƘŜŘ ƛƴ December 2019, new 
island interconnections are being promoted in Greece, which are currently functioning as autonomous 
electrical systems based mainly on diesel-fired power plants. After the recent completion of Cyclades 
Interconnection - Phase A, the electrical systems of Paros (including the islands of Naxos, Antiparos, Ios, 
Sikinos, Folegandros, etc.), Syros and Mykonos were also interconnected. In the period 2020-2030, almost 
all the Aegean islands (rest of Cyclades islands, Dodecanese islands, North Aegean islands) will also be 
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 oil use for power 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 electricity 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 installing low-capacity storage systems in conjunction 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 
ǘƘǊƻǳƎƘ Ǉƛƭƻǘ ǇǊƻƧŜŎǘǎ ǎǳŎƘ ŀǎ ǘƘŜ /w9{Ωǎ ǇǊƻƧŜŎǘ ŦƻǊ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ !Ǝƛƻǎ 9ŦǎǘǊŀǘƛƻǎ ƛƴǘƻ ŀ ΨƎǊŜŜƴ ƛǎƭŀƴŘΩ 
ŀƴŘ ǘƘŜ IŜƭƭŜƴƛŎ 9ƭŜŎǘǊƛŎƛǘȅ 5ƛǎǘǊƛōǳǘƛƻƴ bŜǘǿƻǊƪ hǇŜǊŀǘƻǊΩǎ ǇǊƻƧŜŎǘ ŦƻǊ ΨǎƳŀǊǘ ƛǎƭŀƴŘǎΩΣ ŀƴŘ ǘǿƻ ƘȅōǊƛŘ w9{ 
plants have been put into operation on the island of Tilos (with battery) and on the island of Ikaria (with 
pumped storage). MoreoverΣ DǊŜŜŎŜ ǇŀǊǘƛŎƛǇŀǘŜǎ ŀŎǘƛǾŜƭȅ ƛƴ ǘƘŜ ƴŜǿ 9¦ ƛƴƛǘƛŀǘƛǾŜ Ψ/ƭŜŀƴ 9ƴŜǊƎȅ ŦƻǊ 9¦ 
LǎƭŀƴŘǎΩ ŀƭƻƴƎ ǿƛǘƘ мо ƻǘƘŜǊ aŜƳōŜǊ {ǘŀǘŜǎΦ 

Under the EU Smart Islands Initiative under which three Aegean islands (Astypalaia, Symi, and Kastellorizo) 
have been selected as pilot άǎƳŀǊǘ ƛǎƭŀƴŘǎέ ƎǊŀŘǳŀƭƭȅ ŘŜǇƭƻȅƛƴƎ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǇŜƴŜǘǊŀǘƛƻƴ 
in the NIIs, to over 60 per cent.  Similarly, a pumped-hydro storage project is being developed by Terna Energy 
S.A. in the Municipality of Amfilochia in Western Greece. The project will have a total installed capacity of 
680 MW (turbine mode) and 730 MW (pumping mode) and will 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 co-funded (50 per cent) by the EU Connecting Europe Facility-Energy. 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 generation.  

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 pumped-hydro technologies) which are currently 
being developed in NIIs. This highlights the need 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, published in December 2019, 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. Likewise, photovoltaics' installed capacity is projected to rise from an 
estimated 3 gigawatts in 2020 to 7.7 gigawatts by 2030. In the fall of 2020, the Greek government will present 
an integrated master plan for the transition to the post-lignite era in power production that will offer 
incentives to the private sector for investments in environmentally-friendly 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 (48.4 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 produced not be wasted 
at time 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 what has been used for many years: the pumping technology using reversible hydroelectric 
systems. In Greece there is a good a number of man-made lakes that have this feature whereby at times of 
low load and high-RES production water is pumped from the lower lake 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 systems, especially 
in the NIIs 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 create man-made hydro 
storage energy in a water reservoir. Other 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 roof-top PV systems, 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 network. 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. 

To achieve 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 National Plan for Energy and Climate Change based on previous studies 
on the costs related to the mainland electricity generation system (such as the 2018 Ten-year Development 
Plan of ENTSO-E) considers that new storage systems are integrated in the years following 2025 (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 estimated to be up to 2.2 TWh. Specifically for storage needs, the plan has analysed specific 
technologies and hourly uses of these storage systems by the year 2030, including the possibility to operate 
small decentralized storage systems (batteries) either autonomously 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 estimates of storage use 
are presented in the following chart: 

 

Figure 3-3Φ 9Ǿƻƭǳǘƛƻƴ ƻŦ ƛƴǎǘŀƭƭŜŘ ǇƻǿŜǊ ŀƴŘ ŜƴŜǊƎȅ ŦƻǊ ǎǘƻǊŀƎŜ ōȅ ǘƘŜ ȅŜŀǊ нлол ŀŎŎƻǊŘƛƴƎ ǘƻ DǊŜŜŎŜΩǎ bŀǘƛƻƴŀƭ tƭŀƴ ŦƻǊ 9ƴŜǊƎȅ 
and climate Change (December 2019) 

3.2.6 Power systems management and associated information exchange 

The Greek TSO and each one of its neighbours exchange real time data of general SCADA values of their 
substation. In addition, The Greek TSO and its neighbouring ones in EU member states 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 countries (i.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 between neighbouring EU member states covers forecasted aggregate 
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 its neighbours and 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 
ŎƻƴƴŜŎǘƛƴƎ 5{hǎΣ ǎƛƎƴƛŦƛŎŀƴǘ ƎǊƛŘ ǳǎŜǊǎ ǿƘƛŎƘ ŀǊŜ ŘŜƳŀƴŘ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ƎŜƴŜǊŀǘƻǊǎΩ ōƭƻŎƪπǘǊŀƴǎŦƻǊƳŜǊǎ ƻŦ 
significant grid users which are power generating facilities; (d) the maximum and minimum active and 
ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ ƎǊƛŘ ǳǎŜǊǎ ǿƘƛŎƘ ŀǊŜ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƴƎ ƳƻŘǳƭŜǎΤ όŜύ ǘŜŎƘƴƛŎŀƭ Řŀǘŀ ƻƴ ǇƘŀǎŜπ
shifting transformers; (f) technical 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 cooperating regarding system 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: 

¶ Load Shedding, which is performed by the DSO after request of the TSO, under critical System 

conditions. When the TSO issues an alert state the DSO shall be well prepared to perform load 

shedding if requested. 

¶ Information exchange and TSO ςDSO cooperation in power system restoration procedures. 

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

¶ 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 also reǉǳŜǎǘ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ¢{hΩǎ ƳŀƛƴǘŜƴŀƴŎŜ ǎŎƘŜŘǳƭŜΦ  

¶ Protection coordination and interlocking arrangements. TSO may request complementary protection 

on the distribution network. 

¶ Regarding Under Frequency Load Shedding, there is a coordination between the TSO and the DSO to 

set up the thresholds. 

¶ 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 perform ǎǿƛǘŎƘƛƴƎΩǎ that can lead to load reduction more than 10 MW on 

a connection point of the distribution network to the transmission system, then the TSO must be 

informed. 

DSO calculates the a-priory shares of suppliers for the next month and sends the estimations to the TSO. DSO 
provides the suppliers validated meterings of all consumers connected to the distribution network. Also, DSO 
provides the ex - ante calculations of consumers at regular intervals. TSO receives the ex-ante and the a-priori 
calculations of the shares of suppliers. Also, DSO 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 and the TSO.  

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 
and 0,2 respectively. Static meters have accuracy 0,2S for active energy measurement.  

Static meters comply with standards EN 62052-ммΣ ɳɿ снлро-21,-22,-23 and implement communication 
protocol DLMS as per IEC 62056-42,-46,-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 Regulatory Authority, incorporating the mandates of EU directives 1998/34/EC and 
1998/48/EC. 

3.2.8 Measuring equipment for electrical and electromagnetic quantities 

National code implements design requirements as per IEC and EU standards (CEN, CENELEC, ETSI) for 
insulation levels of electrical equipment and safety distances within HV/EHV substations and also safety 
distances for phase conductor of Transmission Lines from constructions and public infrastructure (Greek 
National Law 70261/2874 -ʊɳɼ слуκɰκстύ   ŦƻǊ мрл ŀƴŘ пллƪV voltage levels (article 240). Power /Energy 
quality at the point of interconnection must comply with IEC standards IEC 61000-3-с ˁʰʽ L9/ смллл-3-7. 
Compliance is checked by implementing class A power/energy quality analysers-recorders (IEC 61000-4-30 
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 data with 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 also performed 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 requirements 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 containing measurement data of its customers via a link to a repository.  

For other customers consumption is measured by HEDNOs personnel at regular intervals (every 4-months 
for domestic consumers but may also be monthly or 6-months for other types of non-telemetered 
consumers). Consumers have also the option to register their consumption measurement by themselves 
between the intervals of the 4-month measurements. The measurements are registered and validated to the 
databases of HEDNO and each supplier receives a 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: 

¶ Tele-controlled switches (Medium voltage). 

¶ HV/MV substation capacitors. 

¶ 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 is used. 

3.3 SYSTEM ASPECTS AND STANDARDIZATION 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 standards are covering both local and long-distance 
communication. Local SCADA will rely on IEC61850 while distance communication will rely on IEC60870-5-
101/104. 

¶ Local (substation SCADA): IEC61850. 

¶ Local SCADA ς zonal telecontrol centre (CTSI): IEC61850. 

¶ Transmission EMS ς other system: ICCP (TCP/IP). 

¶ Transmission EMS & Site location gateway: IEC 60870-5-101 or 104. 

¶ Metering data: IEC 60870-5-102 or DLMS (IEC 62056 / EN 13757- 1). 

3.3.2 Renewable energy sources connection and operation at country level ς Grid integration of 
Renewable Energy Generation 

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

o 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). 

o 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 public grid will have to fulfil the requirements presented in 
the above Norms. 

¶ Grid Integration of Renewable Energy Generation. 

o For the integration of the RES, there are two directions: 

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

o Operating solution ς are based on real grid status at each moment and agreed commercial 
contracts for energy generation. A unit cannot inject energy 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 timing. Very usual, the RES are no available exactly at the time of 
consumption and therefor the storage facilities are significantly supporting the usage of RES. 

¶ Technical requirements for operation and control of RES. 

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

¶ General planning and design  

o The long-term 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. 

o The medium-term grid planning is performed 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: 

Á Consumption evolution. 

Á Generation. 

Á Reserves. 

Á Operating regimes with N and N-1. 

Á Static stability and Critical sections evaluation. 

Á Grid losses. 

Á Congestion management. 

Á NTC evaluation. 

Á Dynamic stability. 

o The short-term planning is performed daily for defining the daily operating scheme considering 
necessary outages. 
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¶ Assessment of standard voltages and power quality requirements. 

o Daily and Monthly internal Reports. 

o Quarterly and Yearly Reports to Regulating Authority. 

3.3.3 Relevant regulatory framework and codes for RES-connection in transmission networks. 

Romania is part of EU and consequently accepts and apply for all the European Network Codes (NC). 

b/ǎ ŀǊŜ ƎǊƻǳǇŜŘ ƛƴǘƻ ǘƘǊŜŜ Ƴŀƛƴ ŎŀǘŜƎƻǊƛŜǎΣ ŎŀƭƭŜŘ άŦŀƳƛƭƛŜǎέΥ DǊƛŘ /ƻƴƴŜŎǘƛƻƴ /ƻŘŜǎΣ aŀǊƪŜǘ /ƻŘŜǎ ŀƴŘ 
Operation Codes. 

Grid Connection Family includes the following NCs: 

¶ 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. 

¶ Demand Connection 

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

¶ Requirements for Generators 

The Network Code on Requirements for Generators is harmonizing 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: 

¶ Guidelines on Capacity 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. It also harmonises how cross border markets operate in Europe to increase competitiveness but 
ǊŜƴŜǿŀōƭŜǎΩ ƛƴǘŜƎǊŀǘƛƻƴΦ /!/a ƛǎ ǘƘŜ ŎƻǊƴŜǊǎǘƻƴŜ ƻŦ ŀ 9ǳǊƻǇŜŀƴ ǎƛƴƎƭŜ ƳŀǊƪŜǘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅΦ 

¶ Electricity Balancing Guidelines. 

The Electricity Balancing Guidelines aims 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 to take part in this market. All 
in all, the Balancing Guidelines should help increase security of supply, limit emissions and diminish costs to 
customers. 

¶ Forward Capacity Allocation. 

The NC on Forward Capacity Allocation deals with rules for long term markets, the forward 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: 

¶ System Operation Guidelines. 

¢ƘŜ {ȅǎǘŜƳ hǇŜǊŀǘƛƻƴ DǳƛŘŜƭƛƴŜǎ ǎǇŜŎƛŦƛŜǎ ǘƘŜ ŘŜǘŀƛƭǎ ƻŦ ǘƘŜ ¢{hǎΩ ŀŎǘƛǾƛǘȅ ƛƴ ƳŀƴŀƎƛƴƎ ǘƘŜ tƻǿŜǊ {ȅǎǘŜƳǎΦ 
The fact that the generation mix in Europe is integrating more and more RES, that there is more and more 
interconnections and cross-border 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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¶ Emergency & Restoration. 

The Emergency & Restoration Code fixes the processes that 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 defined Technical 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: 

¶ Stored energy capacity, maximum momentary power 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 an increase or decrease in frequency above or below the limit. 

¶ 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 large hydro 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 pumped storage 
¢ŀǊƴƛסŀ ς [ŇǇǳǒǘŜǒǘƛ όмлллa²ύ ŀƴŘ ǎƛƳƛƭŀǊ ƻƴ .ƛŎŀȊ ƭŀƪŜ ŦƻǊ рллa²Φ {ǳŎƘ ǇǊƻƧŜŎǘǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ŦǳǊǘƘŜǊ 
Power System development but still there is nothing defined for the project start. There are not special 
standards developed yet for such facilities. 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 technology to be accepted 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 

¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻƴ ǘƻŘŀȅΩǎ ǘŜǊǊƛǘƻǊȅ ƻŦ {ŜǊōƛŀ started in 1893, when power plant in Belgrade 
was built with a goal to provide electricity for public lighting and few industrial machines. In 1900 fist hydro 
ǇƻǿŜǊ Ǉƭŀƴǘ ǿŀǎ ōǳƛƭǘ ƛƴ ¦ȌƛŎŜ ς second plant in the world that was designed based on Nikola TesƭŀΩǎ ƳƻŘŜǊƴ 
alternating current (AC) electricity supply system. Strong development of national power system was in 
ǇŜǊƛƻŘ ŀŦǘŜǊ ǘƘŜ ²ƻǊƭŘ ²ŀǊ LLΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ мфслΩǎ ŀƴŘ мфтлΩǎΦ  

During the break of Socialist Federal Republic of Yugoslavia (SFRY), in 1991 public enterprise "Elektroprivreda 
Srbije ς EPS" was established ς since 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 UN sanctions and 
ǿŀǊ ŎƻƴŦƭƛŎǘǎ ƛƴ .ŀƭƪŀƴ ǊŜƎƛƻƴ ŘǳǊƛƴƎ мффлΩǎ όƛƴŎƭǳŘƛƴƎ b!¢h ōƻƳōŀǊŘƛƴƎ ƛƴ мфффύΣ ƛƴ нллп ŜƭŜŎǘǊƻ-energetic 
power system of Serbia was reconnected again with UCTE grid (today known as Continental Europe 
Synchronous Area). 

The process of deregulatƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƛƴ {ŜǊōƛŀ ǎǘŀǊǘŜŘ ƛƴ нллрΣ ǿƘŜƴ ƴŜǿ ŎƻƳǇŀƴȅ ά9ƭŜƪǘǊƻƳǊŜȌŀ 
Srbije ς 9a{έ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘΣ ǿƛǘƘ ŀ Ǝƻŀƭ ǘƻ ǇǊƻǾƛŘŜ ǎŜŎǳǊŜ ŀƴŘ ǊŜƭƛŀōƭŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅΦ 
Liberalization process of electricity sector in Serbia is still ongoing. 
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Today, most important entities that shape national power system are: 

¶ "Elektroprivreda Srbije ς EPS" (http://www.eps.rs) is vertical organized public enterprise that 

operates with 3 legal entities:  

o parent company "Elektroprivreda Srbije" that is managing all national production units,  

o dependent company "EPS Distribucija" which is Distribution System Operator and 

o the subsidiary "EPS Snabdevanje" ς biggest supplier of electricity on distribution level.  

¶ ά9ƭŜƪǘǊƻƳǊŜȌŀ {ǊōƛƧŜ ς 9a{έ όhttp://ems.rs/) is joint stock company that have a role of Transmission 

{ȅǎǘŜƳ hǇŜǊŀǘƻǊ όƛƴ {ŜǊōƛŀ ǘŜǊƳ άǘǊŀƴǎƳƛǎǎƛƻƴέ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǇƻǿŜǊ ƭƛƴŜǎ ŀƴŘ ǇƻǿŜǊ ŦŀŎƛƭƛǘƛŜǎ ƻŦ 

110kV, 220kV and 400kV voltage level). 

¶ ά9ƴŜǊƎȅ !ƎŜƴŎȅ ƻŦ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀ ς !9w{έ όhttps://www.aers.rs/) is national regulatory body with 

competences covering electricity, natural gas, oil and oil product, including CHP heat energy sectors 

(all according by the Energy Law of Republic of Serbia). 

¶ ά¢ƘŜ aƛƴƛǎǘǊȅ ƻŦ aƛƴƛƴƎ ŀƴŘ 9ƴŜǊƎȅ ƻŦ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀέ όhttps://www.mre.gov.rs/) is in charge of 

the operations of the State Administration related to mining, energy and natural resources 

development.  

¶ άLƴǎǘƛǘǳǘŜ ŦƻǊ {ǘŀƴŘŀǊŘƛȊŀǘƛƻƴ ƻŦ {ŜǊōƛŀ ς L{{έ όhttps://iss.rs/en/) is national standardization body of 

the Republic of Serbia, an institution having legal personality and operating in accordance 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: 

o The international organization for standardization (iso), with full membership status since 

1950. 

o The international electrotechnical commission (iec), which has been a full member since 

1953. 

o The international iec compliance testing and certification system, under which the test 

results recognition scheme (iecee / cb - scheme) operates, in which the institute has been a 

full member since 1990. 

o The european committee for standardization (cen), in which it has the status of full member 

since 1 january 2017. 

o The european committee for standardization in the field of electrical engineering (cenelec), 

which has the status of full member since 1 january 2017. 

o The european telecommunications standards institute (etsi), which has the status of national 

organization for standardization (nso) since 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 MW [16], with following generation mix: 

¶ thermal power plants 4079MW. 

¶ combined heat and power plants 336MW. 

¶ hydro power plants 2986MW. 

Creation and development of energy market is a key assumption for economically sustainable development 
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 products 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 significant investment into sector and to contribute to the development of 
economy and stability of country and region.  

http://www.eps.rs/
http://ems.rs/
https://www.aers.rs/
https://www.mre.gov.rs/
https://iss.rs/en/
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For efficient functioning of internal and regional energy market the work on further construction and 
modernization of electricity and gas infrastructure 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 distribution capacities. 

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 opened. From the beginning of 2014 additional 30-35% 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 that the household could freely select electricity 
supplier on the market.[17] 

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 of 400kV, 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 (industrial consumers and substation for 
ǎǳǇǇƭȅƛƴƎ Ǌŀƛƭǿŀȅ ƴŜǘǿƻǊƪύ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΦ .ŜǎƛŘŜǎ ǘƘŀǘΣ {ŜǊōƛŀΩǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳ ƛǎ ŎƻƴƴŜŎǘŜŘ ǿƛǘƘ 
transmission system of all neighbouring countries. 

Tables bellow show overview of EMS transmission capacity [18] ς basic characteristics of OHLs and 
transmission substations (these network elements are displayed on enclosed map [19])  

 

OHLs managed by EMS (31.12.2018) 

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) 

 

Substations 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 Republic Serbia [20], 
is defined by sets of technical rules that guarantee security, reliability and transparency. These technical rules 
are defined by EMS with the approval of AERS, and they are organized in following sets [21]:  

¶ Rules for operation of transmission system defines technical conditions for normal operation 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. 

¶ Rules for 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 market transactions, warranty regarding precision 

of metering system. 
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¶ 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. 

¶ Rules for distribution of cross-border transmission capacities defines procedure and methodology 

for allocation of cross-border transmission capacities. 

¶ Rules for providing origin grantees determines content of origin 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 ς access and 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:  

¶ accounting period. 

¶ measuring points, measuring equipment and coefficients for translation of measuring data from 

measuring to handover point. 

¶ rules for reading and acquisition of measuring data (SRAAMD system is used). 

¶ contact personals on both sides. 

Based on methodology that is defined by AERS [22], each year EMS updates prices for access to the 
transmission network for 6 different tariffs [23]:  

¶ allowed active power. 

¶ excessive active power. 

¶ higher daily tariff for active energy. 

¶ lower daily tariff for active energy. 

¶ allowed reactive energy. 

¶ excessive reactive energy. 

Procedure for connection to the transmission network has following key steps [24]: 

¶ Creation of the connection study for the Facility. 

¶ Creation of planning and technical documentation of the Connection point. 

¶ Obtaining the necessary permits for the construction of the Connection point. 

¶ Monitoring the construction of the Connection point. 

¶ Approval for connection of the Facility. 

¶ Verification of fulfilment of technical conditions from the approval for connection of the Facility, 

signed contracts and Rules on operation of the transmission system. 

¶ Signing exploitation agreement for the Facility between EMS and entity. 

3.4.2 Renewable energy sources connection and operation at country level ς Grid integration of 
Renewable Energy Generation 

Integration of RES in Serbia started in 2009 when Government introduced National Renewable Energy Action 
Plan[25]ς 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 investments into the field 
of renewable energy sources.  

Soon after that, Government introduced fid-in tariffs for different renewable technologies and installed 
capacities of generation units [26]. Currently, total installed capacity for each RES technology is distributed 
on following way [27]: 

¶ small hydropower plants (installed capacity less then 10MW) 46,5MW; 

¶ solar power plants on the ground 5,34MW (Government limit 6MW); 
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¶ solar power plants on buildings 3,5MW (Government limit 4MW); 

¶ wind power plants 500MW (Government limit 500MW); 

¶ biogas power plants 12,97MW; 

¶ high-efficient cogenerations 10,95MW. 

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 the hydro-energy, 
with total potential of around 25 000GWh per year (from all rivers on the territory of Republic of Serbia).[28] 

Most important RES in Serbia are: sun, hydro, wind, geothermal 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 the Republic of Serbia [29]; 

2. Construction of facilities and electric power generation in small hydropower plants up to 30MW in 

the Republic of Serbia [30] 

3. Construction of plants and electricity generation in wind turbine plants in the Republic of Serbia 

[31]. 

4. Construction of plants and electricity/heat generation from hydro-geothermal sources in the 

Republic of Serbia [32]. 

5. Construction of plants and electricity generation from photovoltaic plants in the Republic of Serbia 

[33]. 

6. Construction of solar heating systems in the Republic of Serbia [34]. 

All these guides are reviewed and updated throughout the years with support of United Nations 
Development Programme ς currently 3rd edition from 2016 is valid. All guides, except the 6th one, are bilingual 
ς Serbian and English versions. These guides describe in detail the comprehensive procedure for constructing 
the energy facilities and performing economic activity of energy generation from renewable sources. 
Detailed guides are intended primarily to investors and project developers, but also to officials in different 
competent institutions since the legal procedure is cross-sectoral.  

The objective of the guides is to encourage and assist the investors interested in the Serbian renewable 
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 dialog between the numerous stakeholders and thus contribute to their better 
awareness and mutual understanding, which ultimately should result in favourable environment for 
investments in renewable energy. 

3.4.3 Battery Energy Storage System 

Connection of battery energy 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 photovoltaic-battery systems with small capacity, 
installed to cover some part of constant consumption of average household). 

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 main types [35]: 

¶ Thermal storage, using sensible or latent heat of the relevant storage medium. 

¶ Mechanical storage, using gravitational, kinetic or elastic forms of energy. 

¶ Chemical storage, using chemically bound energy of the storage medium. 

¶ Electrical storage, using electromagnetic or electrostatic energy of the relevant storage media. 

Currently in Serbia (based on our knowledge) only mechanical storages are used in forms of pump-hydro 
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storages. Namely, most important pump-ƘȅŘǊƻ Ǉƭŀƴǘ ƛƴ {ŜǊōƛŀ ƛǎ άwI9 .ŀƧƛƴŀ .ŀǑǘŀέ όƭƻŎŀǘŜŘ ƻƴ Drina River 
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 potential future investments regarding pump-hydro plants in Serbia are: 
άwI9 .ƛǎǘǊƛŎŀέ ŀƴŘ άwI9 7ŜǊŘŀǇ оέ ǿƛǘƘ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ ƻŦ сллa² ŜŀŎƘΦ [36] 

άwI9 .ŀƧƛƴŀ .ŀǑǘŀέ is contributing power system of Republic of Serbia in following ways [37]: 

¶ Production of peak power and energy. 

¶ Covering daily load peaks. 

¶ Covering seasonal shortage 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 minimal flow in middle and low parts of Drina River. 

¶ Secondary regulation of frequency in Serbian transmission system. 

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 sector is 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 companies established by TSOs in different regions of the Europe, 
with a goal to perform advanced calculations on the regional level to propose most efficient solutions, 
without being constrained to national borders. RSC introduce regional coordination that allow TSOs to take 
better decisions. 

On 10 December 2015, European TSOs and ENTSO-E signed a Multilateral Agreement on Participation in 
RSCs. It requires ENTSO-E members to participate in RSCs or to contract five essential services from them. 
The agreement ensures also that RSCs develop in a harmonized, interoperable and standardized way under 
ENTSO-9Ωǎ ŎƻƻǊŘƛƴŀǘƛƻƴΣ ǘƻƻƭǎΣ ǎǘŀƴŘŀǊŘǎΣ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎƛŜǎΦ aƛŘ-2016, the System Operation Guideline, 
one of the EU networks codes, registered the RSC into EU law. [38] 

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 flow calculations) expected behaviour of 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 that specify tools and 
procedures for appropriate creation, exchange and usage of gird models (IGMs and CGMs).  

The Operational Planning Data Environment (OPDE) is a digital platform that connects the different TSOs and 
RSCs to central elements and vice versa, all to support exchange of TSO files. It is designed based on a layered 
architecture consistent with the Smart Grid Architecture Model. The OPDE is the central layer: a standard 
middleware integration layer. The bottom layer is composed of a dedicated communication 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, Quality Assurance Service (QAS), Boundary Management Application (BMA), Pan-
European Verification Function (PEVF) platform and Common Grid Model Alignment (CGMA) platform. [39] 

The data exchange standard used in the OPDE is based on Common Grid Model Exchange Specification 
(CGMES) ς an IEC technical specification based on the IEC Common Information Model (CIM) family of 
standards. It was developed to meet necessary requirements 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 analyses [40]: 
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¶ load flow and contingency analyses, 

¶ short circuit calculations, 

¶ market information and transparency, 

¶ capacity calculation for capacity allocation and congestion management, and 

¶ dynamic security assessment. 

The CGMM requires TSOs to define quality criteria for validation of both IGMs and CGMs. Both tasks are 
ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ŘƻŎǳƳŜƴǘ άvǳŀƭƛǘȅ ƻŦ /Da9{ 5ŀǘŀǎŜǘǎ ŀƴŘ /ŀƭŎǳƭŀǘƛƻƴǎέ[41] ŀǇǇǊƻǾŜŘ ōȅ ά!ƭƭ ¢{hǎέΦ ¢Ƙƛǎ 
document defines 8 levels of model validation that will guarantee that provided information about system 
state are not corrupted, thus proving reliability of CGM. 

hƴŜ ŦǳǊǘƘŜǊ ǘŀǎƪ ǘƘŀǘ ǘƘŜ /Daa ŀŘŘǊŜǎǎŜǎ ǘƻ ά!ƭƭ ¢{hǎέ ƛǎ ǘƻ ŦƻǊƳǳƭŀǘŜ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ 
merging agents and the merging process (creation of CGMs based on IGMs and exchange programs). The 
ǇǊƛƴŎƛǇŀƭ ŘƻŎǳƳŜƴǘ ƛƴ ǘƘƛǎ ǊŜǎǇŜŎǘ ƛǎ ǘƘŜ ά9ǳǊƻǇŜŀƴ aŜǊƎƛƴƎ CǳƴŎǘƛƻƴ wŜǉǳƛǊŜƳŜƴǘǎ {ǇŜŎƛŦƛŎŀǘƛƻƴέ[42], that 
defines functional and non-functional 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 CGMs) should comply ǘƻ άht59 ǎŜŎǳǊƛǘȅ ǇƭŀƴέΣ ŘƻŎǳƳŜƴǘ ǘƘŀǘ ŘŜŦƛƴŜ ǎŜǘ ƻŦ ǊǳƭŜǎ ǊŜƎŀǊŘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ 
security. This document is created based on information security standard ISO/IEC 27000, but due to the 
sensitivity and confidentiality of OPDE data contains many additional rigorous requirements regarding 
information security. 

3.5 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN SLOVENIA 

Slovenia covers 20,273 square kilometres and has a population of 2.084 million. Despite it is quite small 
country, it has good developed energy sector which is well connected to the European power network. Total 
installed power capacity with around 3,600 MW generates around 12-13 TWh of electricity. Primary energy 
sources for electricity generation are fossil fuels (30%), nuclear fuel (40%) 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 is net-importer of electricity and the 
dependency on electricity 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 hydroelectric 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.o.o. [43], 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 is well integrated into the European electricity system, with the interconnectors linked to 
the networks of the neighbouring countries ς Austria, Croatia, and Italy, while the grid connection to Hungary 
is currently under construction.  

A distribution network (110 kV, 1-35 kV and 0.4 kV) carries electricity from the transmission network to 
individual consumers. Electricity Distribution System Operator (DSO), company SODO d.o.o [44], is carrying 
out the tasks of general economic interest ς an obligatory state service of electricity distribution in the 
territory of the Republic of Slovenia while the electricity distribution activities are carried out by five DSOs: 
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 well-developed and is integrated into European energy market. The 
electricity market has been fully open and unbundled into generation, transmission, and 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 of state ownership in the sector within the EU-28, at approximately 80%. In 2001, Borzen 
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d.o.o. Slovenian Market Operator [45] was established for the implementation of the public utility service 
relating to the organisation of the electricity market. At the beginning, trading between buyers and sellers 
took place in the form of organized weekly meetings and later via an electronic trading platform.  

In 2008 Slovenian Power Exchange BSP SouthPool (BSP) [46] was established which is now main point for 
power trading in the country. Currently BSP is operating Slovenian Day-ahead and Intraday market, Long-
term Auctions and in cooperation with European Energy Exchange, they run futures market (long-term 
financial products). In the last hour before the delivery, the Intraday market change to the Balancing market 
in which the TSO buys and sells electricity 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 Slovenia. Through the Multi-Regional 
Coupling (MRC), a pan-European initiative dedicated to the integration of power spot (Day-ahead) markets 
in Europe, Slovenia is a part of the European Day-ahead market. Through the Single Intraday Coupling (SIDC), 
initiative of Power Exchanges together with TSOs to create a joint integrated Intraday cross-border market, 
Slovenia is a part of a single integrated European Intraday market. 

The Energy Agency [47] (slov. Agencija za energijo) shall, 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 energy regulators, 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 monitors the 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 regulatory process. It cooperates in the preparation and amending of the rules and general acts 
regulating market operation and promotes transparency and non-discrimination. 

Slovenian Institute for Standardisation (SIST) was founded by the Government of the Republic of Slovenia 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 standards organizations [48]. SIST develops, adopts, and maintains Slovenian standards, and 
participates in the work of international (ISO, IEC, ITU-T) and European Standardization Organizations (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 of 13 July 2009 on conditions for access to the network for cross-border 
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 ENTSO-E is responsible 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: 

¶ network security and reliability rules, including rules on technical backup transmission capacities 

for reliable network operation. 

¶ network connection rules. 

¶ third party access rules; and many more. 

Review of current regulations: 
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Market regulations 

¶ Commission Regulation (EU) 2015/1222 of 24 July 2015 laying down guidelines for capacity allocation 

and congestion management (CACM). 

¶ Commission Regulation (EU) 2016/1719 of 26 September 2016 laying down guidelines for forward 

capacity allocation (FCA). 

¶ Commission Regulation (EU) 2017/2195 of 23 November 2017 laying down guidelines for the 

balancing of electricity (EB). 

Connection regulations 

¶ Commission Regulation (EU) 2016/1388 of 17 August 2016 establishing a Customer Connection 

Network Code (DCC). 

¶ Commission Regulation (EU) 2016/631 of 14 April 2016 establishing a network code for requirements 

for the connection of electricity producers to the grid (RfG). 

¶ Decree on the establishment of a network code for the connection of high-voltage systems for the 

transmission of direct current electricity and the connection of generating units via direct current 

connections (HVDC). 

Regulation on the operation of the system 

¶ Commission Regulation (EU) 2017/1485 of 2 August 2017 laying down guidelines for the operation 

of the electricity transmission system (SO). 

¶ Commission Regulation (EU) 2017/2196 of 24 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: SONPO) regulate the operation and management of the electricity transmission system. SONPO 
is edited by: 

¶ technical and other conditions for safe and secure operation (hereinafter: safe operation) of the 

transmission system in order to ensure a reliable and quality electricity supply. 

¶ the type, structure, frequency and method of data exchange between electricity operators necessary 

for the safe operation and efficient management of the systems. 

¶ technical requirements and conditions for connection of system users and distribution operator to 

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 systems in crisis situations. 

¶ monitoring the quality of electricity supply services. 

¶ the cost of the technical measures required to connect new electricity producers. 

The System Operating Instructions for the Electricity Distribution System of the Republic of Slovenia 
(hereinafter: SONDO) 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 provided by SODO for all users are: 

¶ managing the operation of the electricity distribution system, 

¶ voltage regulation, 

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

¶ system, and the provision of electricity to cover network losses. 

http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32015R1222&from=EN
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32016R1719&qid=1474985817435&from=SL
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32017R2195&from=EN
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32016R1388&qid=1474888234958&from=SL
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32016R0631&qid=1462953114698&from=en
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32016R1447&qid=1480499384479&from=en
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32016R1447&qid=1480499384479&from=en
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32016R1447&qid=1480499384479&from=en
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32017R1485&from=EN
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32017R2196&from=EN
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Within the framework of special system services, SODO may individually provide the following system 
services for individual users by agreement: 

¶ providing reactive energy, and 

¶ ensuring non-standard quality of electricity. 

Voltage quality is defined by the technical standard SIST EN 50160, which defines the characteristics of 
voltage in public networks. The standard applies to low-voltage and medium-voltage networks, so such 
quality of electricity in the high-voltage transmission network is required that the distribution network 
operator can ensure the prescribed quality in the medium- and low-voltage distribution network. 

3.5.2 Renewable energy sources connection and operation at country level ς Grid integration of 
Renewable Energy Generation 

Instructions for connection and operation of power plants with installed electric power up to 10 MW 
specify technical conditions and characteristics 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 regulations, rules, and 
standards (for example SIST 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 Companies - EDCs) provides long-
term capacity of the electricity network that allows reasonable requests for connection and access to the 
network while considering the standards for quality of supply voltage and quality of electricity supply. 

{h5hΨǎ Ƴŀƛƴ ǊƻƭŜ ƛǎ ƛƴ assuring the appropriate planning of system development, its construction, 
management, operation and maintenance. 

{h5hΩǎ ǊƻƭŜ ƛƴ ƛƴǾŜǎǘƳŜƴǘ ǇƭŀƴƴƛƴƎΥ 

¶ Data collection from EDC and preparation of the 10-years period Network Development Plan under 
ǘƘŜ aƛƴƛǎǘǊȅΨǎ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ instructions. 

¶ 1-year Network Investment Plan is a part of the contract between SODO and EDC. 

¶ Setting basis for priorities and criteria for investment planning. 

¶ Unifying typification of Electricity Distribution Network. 

Distribution Network Executive Regulation in Slovenia: 

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

¶ 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. 

¶ Rules on the system 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 RES-connection in transmission networks.  

¶ Commission Regulation (EU) 2016/631 of 14 April 2016 establishing a network code for requirements 

for the connection of electricity producers to the grid (RfG) 

3.5.4 Electrical Energy Storage (EES) Systems 

Slovenian legislation currently does not have specific rules for EES integration in the distribution system. 
Storage systems need to follow same regulations as the distributed energy sources [49]. In national 
instructions for new connections for producing units, there are definitions of technical requirements and 

https://www.sodo.si/storage/app/uploads/public/5e9/d96/02d/5e9d9602dd3a1230224752.pdf
http://eur-lex.europa.eu/legal-content/SL/TXT/PDF/?uri=CELEX:32016R0631&qid=1462953114698&from=en
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characteristics which needs to be followed when connecting the unit and parallel operation of the unit with 
the main grid. For the units, up to 10 MW which are connected to distribution grid, the special document  

Instructions for connection and operation of power plants with installed electric power up to 10 MW was 
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 distributed production unit. The 
producing units are classified by connection point and point of common coupling: 

¶ Single phase units in LV network. 

¶ Units up to 250 kW in LV network. 

¶ Units above 250 kW in LV network. 

¶ Medium voltage network. 

For the first 3 groups, a constant 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 production-consumption type of connection. Afterwards they are classified by 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 protects 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 accordance with the document. 

Point of common coupling 

For the PCC, the 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 measurement policy. The equipment must measure and 
register 15-minute 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 network conditions 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), which is a ƳŀƧƻǊ ǘŀǊƎŜǘ ƻŦ ǘƘŜ 9¦Ωǎ ŜƴŜǊƎȅ ŀƴŘ ŎƭƛƳŀǘŜ 
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 system requires for 
their intermittency to be balanced. This can be tackled by electricity grids operating smartly and cost-
efficiently. To do this, a seamless and efficient information exchange is necessary at various stages, between 
an increasing number of companies ς TSOs, DSOs, generators, etc. 

Data exchange standardization 

To ensure that the IEC CIM standards are developed in line with TSO requirements, ENTSO-E established 

liaisons with IEC TC 57/WG13 (the working group dealing with Energy management system application 

program interface) and IEC TC57/WG16 (the working group responsible for Deregulated energy market 
communications). 

In addition, ENTSO-E is actively cooperating with the CIM Users Group and UCAI Users Group to exchange 
information within the CIM community. More about this can be accessed here. 

¶ SIST EN 60255 Protection relays and control equipment must meet the requirements of the family 

of standards. 

¶ SIST EN 60870 and SIST EN 61000 The communication protocol for connections. 

¶ SIST EN 62056-61 OBIS data code system. 

https://www.sodo.si/storage/app/uploads/public/5e9/d96/02d/5e9d9602dd3a1230224752.pdf
http://www.iec.ch/dyn/www/f?p=103:14:0::::FSP_ORG_ID:2392
http://www.iec.ch/dyn/www/f?p=103:14:0::::FSP_ORG_ID:2388
http://cimug.ucaiug.org/default.aspx
http://www.ucaiug.org/default.aspx
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3.5.6 Electrical energy measurement and control 

¶ SIST EN 61643-11 Low-voltage surge protection devices - Part 11: Surge protection devices for low-

voltage power supply systems - Requirements and tests. 

¶ SIST EN 60099-1 Surge arresters - Part 1: Surge arresters with spark gaps with nonlinear resistors 

for AC systems. 

¶ SIST EN 60099-4 Surge arresters - Part 4: Spark-free metal oxide surge arresters for ac systems. 

¶ SIST EN 60099-5 Surge arresters - Part 5: Selection and recommendations for use. 

¶ SIST EN 13757-1 Communication system for meters and remote reading of meters - Part 1: Data 

exchange. 

¶ SIST EN 61038 Electricity metering - Tariff and load controls - Particular requirements for time 

switches. 

3.5.7 Measuring equipment for electrical and electromagnetic quantities 

¶ SIST EN 61000-4-30 Electromagnetic compatibility - Part 4-30: Testing and measurement 

techniques - Power quality measurement methods. 

¶ SIST HD 637 - Power devices over 1 kV alternating voltage. 

¶ SIST EN 61000-2-X - Electromagnetic compatibility (EMC) - Part 2: X (whole family). 

¶ SIST EN 61000-3-X - Electromagnetic compatibility (EMC) - Part 3: X (whole family). 

3.5.8 Standardization on software products. 

This part is related to communication standards used in power systems: 

SCADA systems:  

¶ IEC 60870-5-101/104 Transmission Protocols - companion standards especially for basic telecontrol 

tasks. 

¶ IEC 60870-6 (TASE.2/ICCP) is a set of standards which define systems used for telecontrol SCADA in 

electrical engineering and power system automation applications. 

¶ IEC 61850 is a set of standards defining communication protocols for intelligent electronic devices 

at electrical substations. 

¶ IEC 61970 (CIM) is a series of standards deals with the application program interfaces for EMS. 

Metering systems: 

¶ 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 state-owned companies: Elektroprivreda Crne Gore 
(EPCG), Crnogorski elektroprenosni sistem (CGES) and Crnogorski elektrodistributivni sistem (CEDIS), 
respectively. On the production level three conventional power plants are in operation: thermal power plant 
άtƭƧŜǾƭƧŀά όнмлa²ύΣ ƘȅŘǊƻ-Ǌǳƴ ƻŦ ǊƛǾŜǊ αtŜǊǳŏƛŎŀά όолтa²ύ ŀƴŘ ƘȅŘǊƻ ǊŜǎŜǊǾƻƛǊ αtƛǾŀά όопнa²ύΦ Lƴ 2017 the 
αYǊƴƻǾƻά όтнa²ύ ǿƛƴŘ ŦŀǊƳ ŎŀƳŜ ƻƴƭƛƴŜΣ ǘƘŜ ŦƛǊǎǘ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΦ Lǘ ǿŀǎ ŦƻƭƭƻǿŜŘ ƛƴ нлмф ōȅ ǘƘŜ αaƻȌǳǊŀά 
(46MW). Wind farms were built by a different international company which receive feed in tariffs for the 
electricity they export to the grid. Transmission 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, Kosovo, Albania 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 oil and 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 exchange market (BELEN). Together with the European 
Power Exchange ς EPEX SPOT, and Slovenian power exchange BSP SouthPool, BELEN has signed a service 
agreement for the creation of the day-ahead power market. This will enable Montenegro to establish 
national day-ahead market, market coupling, and day-ahead 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 energy sector 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 standard 62053-22, IEC 
standard 62053-11) and reactive energy (IEC standard 62053-23). Current transformers are implemented in 
accordance with IEC standards 60044-1, while voltage transformers in accordance with the IEC standard 
60044-2. 

Insulation coordination of all circuit 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 facilities of users, must be in accordance with IEC 
standards. 

3.6.1 Renewable energy sources connection and operation at country level ς Grid integration of 
Renewable Energy Generation 

RES connection to the grid (requirements). 

Specific technical requirements for connection of generating 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 accordance with Article 112 

paragraph 1 item 33 of the Law on Energy. All requirements are defined in Transmission grid code and 

ǇǳōƭƛǎƘŜŘ ƻƴ /D9{Ωǎ ǿŜō ǎƛǘŜΦ Lƴǎǳƭŀǘƛƻƴ ŎƻƻǊŘƛƴŀǘƛƻƴ ƻŦ ŀƭƭ ŎƛǊŎǳƛǘ ōǊŜŀƪŜǊǎΣ ŘƛǎŎƻƴƴŜŎǘƻǊǎΣ ƎǊƻǳƴŘƛƴƎ ǊƻŘǎΣ 

power transformers, voltage and current 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 Energy Generation. 

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 user-investor can 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. 
Transmission system user should provide and make available to TSO the following realςtime 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, reactive power), 
3) information regarding protection, control and alarm devices, and 
4) other data of interest depending on the specificity of transmission system user being connected. 

Instrument transformers can be property of user connected to the transmission system or owned by TSO. 

General planning and design  

Long-term 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 the system under their competence and submit them to TSO. 

Short-term 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 distribution system 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 and generation 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 regulated 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 4 categories 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 RES-connection 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 Planning and Construction of Structures (ME), Transmission 
grid code (ME). 

3.6.3 Power systems management and associated information exchange 

CGES possesses metering data and for security reasons he is the only one to have direct access to metering 
data. Data on the transmission 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 the neighbouring 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 metering 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 (AC) - 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 62053-22. 
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Electricity metering equipment (AC) - Requirements ς Metering equipment 

TSO determines the 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 registration of active 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 to the 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 user, the party responsible 
for installation, maintenance, and compliance with the requested accuracy class of instrument transformers 
is the user. 

3.7 SYSTEM ASPECTS AND STANDARDIZATION FRAMEWORK IN BOSNIA AND HERZEGOVINA 

Power system in Bosnia and Herzegovina, pursuant to adopted 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, NOSBiH oversees 
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 grid maintenance 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 responsible for providing 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 with 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 sell electricity 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 NOSBiH and DSOs, maintenance issues and 
development between DSOs and TRANSCO although DSOs perform control for feeders belonging TRANSCO 
in substations 110/xx kV. 

Installed capacity: TPP ς 1888 MW, HPP ς 2105 MW, WPP ς 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 agency - SERC 
(https://www.derk.ba/en) and two on entity level, regulatory agency of Republic of Srpska - RERS 
(https://reers.ba/en/) and Federation of BiH ς FERK (https://www.ferk.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 IEC, CENELEC, 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 country level ς 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 FRT (fault 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 next ten-year period. RES operator 
is responsible for balancing in accordance with national Market rules. 

Based on Ten-year generation development plan, TRANSCO prepares Ten-year network 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 RES-connection in transmission networks.  

Document regulating this issue is national Grid code with specific requirements for RES in accordance with 
ENTSO-E network codes (Requirements for generators - EU directive 631/2016). 

3.7.4 Electrical Energy Storage (EES) Systems 

Hydro power plant Capljina 2x220MW is the only energy storage system in B&H. Usually, pumping is 
performed during night hour, from 00:00 till 06:00 while generating during day (range 140-220MW). HPP 
participate in FRR process. 

3.7.5 Power systems management and associated information exchange 

Real time exchange information standards: IEC-...-101; IEC-...-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 62053-21(2006); BAS EN 62053-22(2006); BAS EN 62052-23(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 equipment are 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, where ǘƘŜ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ƛǎ ƻŦ ǎǇŜŎƛŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ŦƻǊ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 
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 Agreement with the 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 Efficiency and Related Environmental Aspects, the Energy Community Treaty (EnCT), the 
United Nations Framework Convention on Climate Change and the Kyoto Protocol. EnCT represents North 
aŀŎŜŘƻƴƛŀΨǎ Ƴŀƛƴ ŀƴŘ ƻƴƭȅ ƭŜƎŀƭƭȅ ōƛƴŘƛƴƎ ŀƎǊŜŜƳŜƴǘ ƛƴ ŦƻǊŎŜ ǿƛǘƘ 9¦Φ Lǘ ŜȄǘŜƴŘǎ ǘƘŜ 9¦Ωǎ !Ŏǉǳƛǎ 
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, security of 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 electricity and gas 
markets (TPEGM), have been incorporated in the Energy Law adopted in 2018 [50] and respective secondary 
legislation. In addition, in the field of electricity, by decisions of the Ministerial Council of the EnC, all 
Contracting Parties are obliged to transpose 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 Western Balkan 6 Initiative has called its 
ǇŀǊǘƛŎƛǇŀǘƛƴƎ ŎƻǳƴǘǊƛŜǎ ŀƴŘ ǘŜǊǊƛǘƻǊƛŜǎ ŦƻǊ ŀƴ άŜŀǊƭȅ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴέ ƻŦ ǘƘŜ wŜƎǳƭŀǘƛƻƴ ό9¦ύ нлмрκмннн 
establishing a Guideline on Capacity Allocation and Congestion Management (CACM) and of the Regulation 
(EU) 2017/2195 establishing a Guideline on Electricity Balancing (EBGL). In November 2021, the Ministerial 
Council of EnC decided on step-wise adoption of the Clean Energy Package for All Europeans (CEP) documents 
starting with the Regulation (EU) 2018/1999 of 11 December 2018 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 
(EU) 2019/944 on common rules for the internal market for electricity (recast) and Regulation (EU) 2019/941 
on risk-preparedness in the electricity sector, with a general implementation deadline set for 31 December 
нлноΦ ¢ƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎǘ ƻŦ /9tΩǎ ƭŜƎŀƭ ŀŎǘǎ ƛǎ ǇŜƴŘƛƴƎΦ1 

Regulatory body 

The state regulatory authority which has competences over the whole energy 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 Law [50] the 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 independent in its operation and 
decision-making 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 Association 
(ERRA) and European Water Regulators (WAREG), and observer 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 Group as observer in 2021. 

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, promotes the standardization activities and by bringing together the public and private 
stakeholders, ISRSM develops and adopts voluntary national standards. ISRSM implements ISO, 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 ERC No. 02-2851/1 and 
following the positive Opinion No. 3/19 of the EnC Secretariat of 17 June 2019. 

MEPSO founded the Electricity Market Operator of North Macedonia Ltd ς MEMO in October 2018, which, 
although it is under its umbrella, is legally unbundled from the transmission business. MEMO 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 market 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 Secretariat and 

 
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 consists of about 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. 

Figure 3-44 is a map of the existing transmission infrastructure with its interconnections. 

 

Figure 3-4.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 Skopje 5 ς SS Kosovo B and SS Stip ς SS Nis connect the north part of the 
grid to Kosovo and Serbia, respectively. With the Greek electricity system, the interconnection is realized via 
two 400 kV transmission lines:  SS Bitola 2 ς SS Florina and SS Dubrovo ς SS Thessaloniki. In 2009 the 
transmission systems of North Macedonia and Bulgaria were synchronously connected, after completing the 
400 kV transmission line SS Stip ς SS Crvena Mogila. 

According to the ERC Annual Report 2020, [51], 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 bilaterally [52], while coordinated capacity allocation is performed on the North 
Macedonian-Greek and the North Macedonian-Kosovo border by SEE CAO [53]. 

Planned New Interconnection Projects 

The electricity infrastructure part of Corridor 8 (East-West) will be fully completed by interconnecting the 
Albanian Power System on the west, after completion of the 400 kV interconnection project Bitola ς Ohrid ς 
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 kV line with a length of 97 km and a new 
400/110kV substation in Ohrid.  

The future ǘƻǇƻƭƻƎȅ ƻŦ ǘƘŜ bƻǊǘƘ aŀŎŜŘƻƴƛŀƴ ǘǊŀƴǎƳƛǎǎƛƻƴ ƴŜǘǿƻǊƪΣ ŀŎŎƻǊŘƛƴƎ ǘƻ a9t{hΩǎ ŘŜǾŜƭƻǇƳŜƴǘ 
plan, is shown in Figure 3-55. 
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Figure 3-5.Transmission network of the Republic of North Macedonia in 2029. Source: MEPSO 

In general, the transmission grid operates with satisfactory safety, reliability and security parameters. Certain 
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 these issues. 

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 performs public 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 Energetika contains a vertically 
ƛƴǘŜƎǊŀǘŜŘ 5{hΣ ǿƘƛŎƘ ƻǇŜǊŀǘŜǎ ƻƴ ŀ ǾŜǊȅ ƭƛƳƛǘŜŘ ǘŜǊǊƛǘƻǊȅ ƻŦ {ƪƻǇƧŜΩǎ ƛƴŘǳǎǘǊȅ ŎƻƳǇƭŜȄ ½ŜƭŜȊŀǊƴƛŎŀΦ Lǘ ǎŜǊǾŜǎ 
a small number of light industrial and commercial customers, for which it holds a license granted by the ERC. 

Generation mix 

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 of ESM, 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 state-owned company ESM, which is at the 
same time the largest producer in North Macedonia. The total installed 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. Its role as regulated 
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 needs of the supplier. 

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 annual needs of the supplier. 
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ʉʢʦʧʿʝ 3

Skopje 3

ɬ.ʇeʪʨʦʚ

Gj.Petrov

ɻʦʩʪʠʚʘʨ

Gostivar

ɱʫʛʦʭʨʦʤ

Jugohrom

ʊʝʘʨʮʝ

Tearce

ʊɽ ʊʆ

ɺaʣʘʥʜʦʚʦ

Valandovo

ʂʦʩʦʚʦ

Kosovo
ʉʢʘʢʘʚʠʮʘ

Skakavica

ʉʨʙʠʿʘ

Serbia

ʐʪʠʧ

Shtip

ʉʢʦʧʿʝ 5

Skopje 5
ʊʝʪʦʚʦ 1

Tetovo 1

ʊʝʪʦʚʦ 2

Tetovo 2

ʇʦʣʦʛ

Polog

ʉʢʦʧʿʝ 1

Skopje 1

ʎʝʥʪʨʘʣʥʘ

Centalna

ʂʫʤʘʥʦʚʦ 1

Kumanovo 1

ʅʝʛʦʪʠʥʦ

Negotino

ʊʦʧʠʣʥʠʮʘ

Topilnica

ʆʭʨʠʜ

Ohrid

ɽʣʙʘʩʘʥ

Elbasan

ɻʦʩʪʠʚʘʨ 2

Gostivar 2

ɾʝʣʠʥʦ

Zhelino

ɹʦh ʢʦʚ ʄʦʩʪ

Boshkov Most

ʆʭʨʠʜ 3

Ohrid 3

ʉʪʨʫʛʘ

Struga

ʂʫʤʘʥʦʚʦ

Kumanovo

ʉʘʨʜʠʯ

Sardich

ʅʝʦʢʘʟʠ

Neokazi

ɹʦʛʦʩʣʦʚʝʮ

Bogoslovec
ʐʘh ʘʚʘʨʣʠʿʘ

Shashavarlija

ɼʝʤʠʨ ʂʘʧʠʿʘ

Demir Kapija
ʄʠʨʘʚʮʠ

Miravci

ɽʫʨʦʠʥʛ

Euroing

ʏʝʙʨʝʥ

Chebren

ʄʘʨʠʦʚʦ

Mariovo

ɾʘʙʝʥʠ

Zhabeni

ʂʨʫh ʝʚʦ

Krushevo

ʋʨʦh ʝʚʘʮ 2

Ferizaj 2

ɺʨʘˁ ʝ 4

Vranje 4

ʊʉ (SS) 110/x kV

ʎ.ʄʦʛʠʣʘ

Ch.Mogila

ʆʚʯʘʨʘʥʠ 

Meliti 2029 ʛʦʜʠʥʘ (year)




























































































































