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1

Executive summary

The first aim of this document is to identify the current European regulation on
energy efficiency and data privacy and security, which are in line with the context
of the HOLISDER project. In order to achieve a low carbon, efficient and integrated
electrical system with the predominance of renewable energy and consumer-centric
Demand Response (DR) flexibility is fundamental. In this line, this document has
detected that the European Commission supports these matters by these main
regulations:








Energy Efficiency Directive (EED, 2012/27/EC) which adopts some new
targets for all Member States in 2030 as, for instance, to reach 30% energy
efficiency and 15% of energy saving. It defines the Mandatory energy
performance certificates (EPCs) and minimum energy efficiency standards
that Member States have to comply, as well as the energy efficient
renovations to at least 3% of buildings.
Energy Performance of Buildings Directive recast (2010/31/EC),
which regulates the EE in buildings and encourages the use of simple and
modern technologies, including building automation and renovation, and
charging infrastructure for electric vehicles.
General Data Protection Regulation (GDPR, 2016/679/EC), that
strengthen and unify data protection for all individuals within the EU, with the
improvement of user control over personal identifying data. This regulation
will be valid on 25th May of 2018.
Directive security of network and information systems (NIS,
2016/1148/EC) enhances security in the EU Member States.

The second aim of this document is to review the national energy profile and status
of the energy market in each pilot site (Greece, United Kingdom, Finland and
Serbia), and the national regulations in each pilot site regarding a) energy efficiency
legislation, with emphasis in buildings, b) DR legislation, and c) data protection.
Also described are the particular social, cultural, ethical issues and challenges in the
context of DR to design a highly effective consumer engagement framework,
tackling the barriers and opportunities that stakeholders may face towards their
participation in implicit and explicit DR schemes.
The most tangible HOLISDER challenges Greece should cope with, are the following:





Significant delay on the establishment of the new markets
Regulatory issues to be resolved to enhance electricity
competitiveness
Continuous changes in the regulatory framework
Implications of GDPR

market
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The HOLISDER challenges for UK are:
•

Implications of GDPR regarding transparency



Willingness to participate in the HOLISDER DR markets by the consumers,
especially residents.

In the case of Finland, the HOLISDER challenges are:
•

Electricity transfer fare is high



Not defined role of the independent aggregator within Nordic regulation:
retailers act as aggregators

According to the HOLISDER ambition, the most tangible challenges in Serbia are:
•

Implications of new GDPR

•

Continuous changes in the regulatory framework



Lack of awareness about EE and DR schemes

After the SWOT analysis in each pilot site, the third aim is to clarify the implications
of these analyses into the development, roll-out and evaluation of the HOLISDER
project, through the compilation of general remarks about the EU and national
legislation and regulatory energy framework.
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2

Introduction
Purpose of the document

The purpose of this deliverable is to provide a study on the regulatory framework,
the electric market and a socio-economic analysis in the countries in which the
HOLISDER project will be demonstrated. In addition, this document also aims to
give a global view of the policies of Demand Response (DR) that are currently being
applied in the European Union (EU) as well as the directives on privacy and energy
efficiency in buildings that are currently in force.
It is important to know and take into account the particularities of each country in
order to anticipate possible problems in the implementation and deployment of the
HOLISDER project and to identify possible legal barriers or restrictions. This way we
can achieve the scalability possibilities of the HOLISDER products.
This document should be used as support to better design the evaluation scenarios,
in compliance with national commitments, as part of the task T6.3 in which the
validation framework has to be set up. Specificities of each pilot has to be properly
addressed, therefore it is crucial that barriers and constraints are detected, as well
as the most suitable scenario for the pilot roll-out.
Secondly, national energy market frameworks and rules are examined in detail, in
order to detect trends and potential constraints, opportunities for the introduction
of new business models for DR and associated challenges, which is essential for the
work to be performed under task T3.4 to define emerging and innovative DR
business models that comply with national regulatory constraint.
And last, but not least, the results reported in this document must be used also to
detect how a democratic and consumer-centric DR framework should be promoted,
when it deals with consumer engagement, security, data privacy and equity. Some
relevant rules and regulations should be understood in the pilot countries and once
again constraints and obligations have to be properly addressed.
Scope of the document
The objective and meticulous approach proposed by this document will clearly show
the most relevant legal aspects of each pilot site project. With respect to scoping
we will describe each country individually and will not try to make a direct
comparison between the different pilot sites. Since the HOLISDER project aims to
gather user-related data collection, the HOLISDER pilot sites will have to comply
with the European and national legislation regarding data collection rights and
procedures review in this deliverable.
The European and the national legislation document is delivered at the same as the
stakeholders’ requirements (D2.1). Both documents will impact the definition of the
Key Performing Indicators (D2.2) and the other task from WP2. This deliverable also

14

D3.1. Regulatory, Market, Socio-economic and ethical
context analysis in the pilot sites and anticipated (shortand mid-term) evolutions
feeds the creation of new business models (T3.4) because, among other issues, it
regulates the mandatory limits for each measured parameter. Furthermore, T7.5
about the Policy and market reform recommendations report will use the
information provided about the policy and market context of pilot sites reviewed in
this document.
T3.1

Regulation

WP2

UC, Stakeholders Requirements & Architecture
Design

T3.4

Business models

T7.5

Policy &market reform recommendations

Figure 1. T3.1 dependence scheme

This deliverable should be publicly disseminated at the HOLISDER website and social
media, and it can be useful for legislators and stakeholders to check the adequate
European and national legal frameworks regarding DR & flexibility and the national
energy markets.
Structure of the document
This deliverable is structured in the following way: Chapter 3 explains the EU context
in terms of DR, privacy regulation and energy efficiency directives. Then, the
following four Chapters 4 to 7, describe for each related country the current
legislation and regulatory conditions, an explanation of its electricity markets and a
review of some social, cultural and ethical aspects. Finally, the document will extract
the most relevant conclusions.
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3

EU Context

The European Union challenges new decarbonisation paradigms towards energy
efficiency and decentralised renewable energy production. The EU energy vision
showcases open, secure, clean, free and accessible energy markets across Europe.
Hence, energy markets are changing in order to aggregate renewable energy into
the grid and to follow a human centric and democratic energy market approach.
This approach allows the involvement of all stakeholders in the energy market
process, which key is the inclusion of consumers (industrial and household) through
a) participation and active involvement (being prosumers for instance), b)
transparent information (i.e. real-time tariffs/consumption), c) ICT tools (i.e. smart
metering), and d) consumer protection rights.
European Demand Response context
DR is a tariff or programme established to incentivise changes in electric
consumption patterns by end-use consumers in response to changes in the price of
electricity over time or when grid reliability is jeopardised [1]. DR has emerged as
a key element of market design since it provides flexibility in the cost-efficient
transition to a decarbonized electricity system. The exponential trend in Europe is
to open the markets to the participation of DR. At least, this has been scheduled
and explicitly mandated by the EU legislation.
The HOLISDER project is focused on implicit and explicit demand response (DR),
which are defined as following:
 Implicit DR (sometimes called “price-based”) refers to consumers choosing
to be exposed to time-varying electricity prices or time-varying network grid
tariffs that reflect the value and cost of electricity and/or transportation in
different time periods. They respond to wholesale market price variations or in
some cases dynamic grid fees. Introducing the right to flexible prices for
consumers (provided by the electricity retailer) does not require the role of the
aggregator.
 Explicit DR (sometimes called “incentive-based”) means that the aggregated
demand-side resources are traded in the wholesale, balancing and ancillary
services, and where applicable in Capacity Mechanisms. Consumers receive
direct payments to change their consumption (or generation) patterns upon
request, triggered by, for example, activation of balancing energy, differences
in electricity prices or a constraint on the network. Consumers can earn money
from their consumption flexibility either individually or by contracting with an
aggregator: this could be an independent aggregator or the consumer’s
retailer.
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To cope with the new trends on Explicit DR schemes, the key figure are aggregators.
Aggregators are new actors within European electricity markets. They are service
providers that employ a number of demand facilities to sell pooled loads of
electricity. As their name suggests, they perform the function of “aggregating”
flexibility; they agree with industrial, commercial and/or residential consumers to
aggregate their capacity to reduce energy and/or shift loads on short notice. They
then create a “pool” of aggregated controllable load, made up of a number of smaller
consumer loads. Finally, they sell the pooled load as a single resource to system
operators, who use it for their technical needs. It should be noted that while load
aggregators are new actors emerging in a number of power markets in Europe, load
aggregation is a service which might be provisioned by a variety of actors, including,
for example, ‘traditional’ suppliers or other new companies (e.g. ESCOs) [2].
In the current energy market of the HOLISDER pilot sites, with exception of United
Kingdom, transmission of electric power is operated by just one Transmission
System Operator (TSO). On the contrary, distribution is highly diverse as
Distribution System Operators’ (DSO) number and size vary as well as the level of
concentration of the business. Greece presents a high level of concentration (99100% of distributed power from large DSOs); UK presents a medium level of
concentration (60% of distributed power from large DSOs and a diverse mix of
entities); meanwhile Finland presents mainly small, local DSOs (the three largest
DSOs usually deliver less than 50% of distributed power). There is no data about
Serbia [3].
3.1.1 Regulatory requirements
There is no significant overlap among the rules defining the implementation of
explicit and implicit DR, which means that DR regulation binds both types of DR
without distinction.
The Electricity Directive (2009/72/EC) [4] introduced an integrated approach
to reduce primary energy consumption and peak loads, and addressed specifications
about demand-side management in relation to energy efficiency as follows:
“Energy efficiency/demand-side management means a global or integrated
approach aimed at influencing the amount and timing of electricity consumption in
order to reduce primary energy consumption and peak loads by giving precedence
to investments in energy efficiency measures, or other measures, such as
interruptible supply contracts, over investments to increase generation capacity, if
the former are the most effective and economical option, taking into account the
positive environmental impact of reduced energy consumption and the security of
supply and distribution cost aspects related to it.”
Article 25.7 of this directive requires the distribution system operators to consider
energy efficiency/demand-side management measures when planning system
upgrades.
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In relation with the empowerment of consumers in the energy market, the revised
Electricity Directive (COM/2016/0864 final) [5] states in its art. 2, 15 and 16 the
definition of different actors in the electricity market, remarking the definition of
active consumers. This type of consumers takes an active role to manage their own
energy needs, either by generating and self-consuming energy, or by regulating
their demand based on price signals or by means of aggregators (active demand).
The Article 15 of this Directive defines the active consumer as: “Costumers have
the right to engage in production, consumption, storage and sell of self-generated
electricity in all organised markets without being subject to disproportionately
burdensome procedures or to discriminatory network charges. Participation could
be done individually or though aggregators. Implementation, operation, metering
and maintenance of energy installations of may be managed by a third party. The
electricity fed into the grid and the electricity consumed must be accounted
separately.”
The Article 15 of the Energy Efficiency Directive (EED, 2012/27/EC) defined
the concept of DR as an instrument to reach energy efficiency [6], with clear
specifications in the followed sub-articles:
• Art.15.4: “Ensure that network operators are incentivised to improve
efficiency in infrastructure design and operation, and, within the framework of
Directive 2009/72/EC, that tariffs allow suppliers to improve consumer participation
in system efficiency, including Demand Response, depending on national
circumstances”.
• Art. 15.8 establishes consumer access to the energy markets, either
individually or through aggregation. In detail the Article states:
“Member States shall ensure that national regulatory authorities encourage demand
side resources, such as Demand Response, to participate alongside supply in
wholesale and retail markets.”
“Subject to technical constraints inherent in managing networks, Member States
shall ensure that transmission system operators and distribution system operators,
in meeting requirements for balancing and ancillary services, treat demand
response providers, including aggregators, in a non-discriminatory manner, on the
basis of their technical capabilities.”
“Member States shall promote access to and participation of Demand Response in
balancing, reserves and other system services markets, inter alia by requiring
national regulatory authorities […] in close cooperation with demand service
providers and consumers, to define technical modalities for participation in these
markets on the basis of the technical requirements of these markets and the
capabilities of Demand Response. Such specifications shall include the participation
of aggregators.”
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Specifically, the EC final Decision (7374/2014/EC) [7] is the main EU binding
document that regulates the main features and aspects of the interruptibility
schemes, ensuring security of electricity supply. Under the scheme, electricity users
agree to reduce their electricity consumption at short notice in exchange for a fixed
payment (Explicit DR). This can be necessary for instance at times of difficult
weather conditions when electricity demand may exceed supply.
The Network Codes are other important regulatory instruments regarding DR
implementation. The codes are a set of rules drafted by European Network of
Transmission System Operators for Electricity (ENTSO-E), with guidance from the
Agency for the Cooperation of Energy Regulators (ACER). The Network Codes aim
to facilitate DR and thus, define the terms and conditions and the standardization
of processes under which Demand-side flexibility providers will be able to participate
in the electricity markets [8].
In order to aid in the development of DR techniques and technologies in Europe,
some necessary enablers are being found. These enablers are based in four main
criteria [8]:
1. Allow Small Consumers Participation
It is common that only the large industrial customers can participate in DR
campaigns. Small consumers are not able to participate in these programmes due
to an incomplete regulatory framework. In some countries (such as Spain or Italy)
only generation services can participate in DR schemes or can only participate large
industrial consumers (such as in Slovenia and Poland). In addition, it is necessary
to enable independent aggregation and allow the customers to choose freely among
all the market options. This also will help to create a level playing field on which
these small consumers can compete with large facilities.
2. Create Viable Products
Currently, physical systems for performing DR strategies have lower time
availability than requested by market participation requirements. Normally, the
market requires an availability from 12 to 16 hours per day while the domestic loads
cannot allow it. This fact blocks small consumers’ market participation so markets
should be designed in a more granular manner to enable a wider range of resources.
The following image explain how different choices impact in DR products on likely
levels of participation by the demand side.
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Figure 2. Range of choice that determine the level of consumer participation in the product
[8].

3. Develop Measurement and Verification Requirements
The critical elements required to measure and verify a Demand Response activation
are:
baseline
methodology,
metering
configuration,
product
delivery,
communication requirements, frequency of interval readings, accuracy standards,
timeliness of measurement data and communication protocols.
The measurement and verification process should take place at the aggregated
level, where aggregators accumulate the customers’ data and pass it to system
operator for its security, establishing the communication protocols.
Member States should adopt a small number of standardised baseline calculation
formulas, ideally the same across Member State boundaries, in order to assess the
volume of sold demand variation. Depending on the market, these standards could
be decided by the appropriate national authority within each Member State or by
the TSO.
4. Ensure Fair Payment and Penalties
Payment criteria, volumes and values should be transparent and based on open and
fair competition. Flexibility should be paid by the market structure, while
compensation for DR services should be commensurate with those services
delivered by generation.
Penalties are needed to ensure reliability, so both supply-side and demand-side
resources should be penalised for non-compliance. Penalties should be calculated
based on the non-delivery product impact (different for each market) market and
use more than one-size-fits-all model to allow consumer participation.
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3.1.2 EU projects related to DR
The EC is trying to push on the settlement of the DR in the day life of the EU by
means of promoting and funding several projects related with this topic. Hereafter
are showed some of the EC funded projects related to DR:


FLEXCoop (LCE-01-2016-2017)

FLEXCoop aims at introducing a complete automated Demand Response framework
and tool suite for residential electricity consumers. The end-to-end interoperable
solution will enable consumer flexibility to be valorised in front of a range of possible
users in order to fulfil different services to the grid. This framework will enable
energy cooperatives to explore demand response business models and take the role
of aggregators. The pilot participants are members of two energy cooperatives
located in the Netherlands and in Spain [9].


UtilitEE (EE-07-2016-2017)

UtilitEE will provide a consumer-oriented universal behavioural change framework
that focuses on the discovery, quantification and revelation of energy-hungry
behaviours/activities and conveys meaningful energy-use feedback to users to
motivate and engage them into a continuous process of learning and improvement.
It is an innovative human-centric behaviour change framework based on scientific
state of the art, along with standardised operational rating and certification
methods, facilitated by an open and trustworthy ICT ecosystem integrated into the
building through low-cost, off-the-shelf sensors.
It will be further complemented and enriched with light-weight, human-centric,
automated control features that consider occupant thermal and visual comfort
profiles and supportively control HVAC and lights so as to further minimise energy
waste, while always keeping occupants within acceptable comfort boundaries and
preserving a healthy and safe indoor environment [10].


WiseGRID (LCE-2 2016)

WiseGRID (Wide scale demonstration of Integrated Solutions and business models
for European smartGRID) will provide a set of solutions and technologies to increase
the smartness, stability and security of an open, consumer-centric European energy
grid. The project will combine an enhanced use of storage technologies, a highly
increased share of RES and the integration of charging infrastructure to favour the
large-scale deployment of electric vehicles [11].


GOFLEX (LCE-2 2016)

GoFlex will innovate, integrate and demonstrate smart-grid technologies, enabling
the cost effective use of demand response in distribution grids: increasing the grids
available adaptation capacity, safely supporting an increasing share of renewable
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electricity generation, improving observability and manageability of distribution grid
for use of demand response and supporting localized concentration of prosumers
DR for DSO to prevent congestion and energy imbalance [12].


InteGrid (LCE-2 2016)

InteGrid aims at demonstrating how DSOs enable the different stakeholders to
actively participate in the energy market and to develop and implement new
business models, making use of new data management and consumer involvement
approaches. This project looks for demonstrating scalable and replicable solutions
in an integrated environment that enable DSOs to plan and operate the network
with a high share of DRES in a stable, secure and economic way, using flexibility
inherently offered by specific technologies and by interaction with different
stakeholders [13].


Flex4Grid (LCE-7 2014)

Flex4Grid aims at creating an open data and service framework that enables a novel
concept of prosumer flexibility management, i.e. managing flexibility of prosumer
demand and generation for the benefit for all key stakeholders: Cloud service
providers will be able to offer new services to Distribution System Operators (DSOs)
and prosumers; DSOs benefit from external services, peak load reduction and
generation‐demand gap reduction; prosumers benefit by becoming an active market
player for both, demand and generation; new market players will be able to offer
services based on the third party data interface [14].


FLEXMETER (LCE-7 2014)

The FLEXMETER project focus is the development and demonstration of a flexible
smart metering architecture, based on cheap and already available components,
that can be implemented in a plug and play way, combining metering of different
services (electricity, water, gas, district heating), providing advanced services to
the users, to the DSOs and to the other utilities, and enhancing the possibilities of
the retail market.
In the FLEXMETER project two pilot applications in two different countries (Italy and
Sweden), on real distribution systems, with the involvement of the local DSOs and
volunteer prosumers will be demonstrated. The results on the demonstrators will
then be scaled up to the size of the cities in order to evaluate the advantages on a
real scale [15].


NETfficient (LCE-8 2014)

NETfficient project improves the penetration of renewable energy through the use
of ICT tools storage and high technology, as well as individual prosumers or as
energy service providers to the network. Five use cases will be developed in real
live scenario in the island of Borkum (low and medium voltage), aiming to have a
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high impact in the storage market through replication of the use cases. This
replication will be driven by efficient dissemination and exploitation activities and
their demonstrated business models [16].


SmarterEMC2 (LCE-7 2014)

SmarterEMC2 implements ICT tools that support the integration of consumers
through Demand Response services and the integration of DG/RES through Virtual
Power Plants. These tools take into account the Smart Grids Architecture Model
(SGAM) as well as the future structure of the Distribution Network, as described by
the relevant EU bodies and organizations. The project explores whether the existing
telecommunication infrastructure is sufficient to support in mass scale the emerging
business models and Smart Grid services. Also, the project supports standardization
activities by proposing adaptation to data models of market-oriented and field-level
standards. SmarterEMC2 the project includes 3 real-world pilots and 3 large-scale
lab simulations. The pilots will demonstrate the impact of DR and VPP services in
real world settings, while the simulations will reveal the ability of the communication
networks to support massive uptake of novel SG services [17].
European Energy Efficiency directives
The EU has set itself a 20% energy savings target by 2020 (when compared to the
projected use of energy in 2020) – this is roughly equivalent to turning off 400
power stations. On 30 November 2016, the Commission proposed an update to the
Energy Efficiency Directive (EED, 2012/27/EC) including a new 30% energy
efficiency target for 2030, and measures to update the Directive to make sure the
new target is met [18] [19].
The EU has adopted a number of measures to improve energy efficiency in Europe.
They include:









An annual reduction of 1.5% in national energy sales.
EU countries making energy efficient renovations to at least 3% of buildings
owned and occupied by central governments per year.
Mandatory energy efficiency certificates accompanying the sale and rental of
buildings.
Minimum energy efficiency standards and labelling for a variety of products
such as boilers, household appliances, lighting and televisions (ecodesign).
The preparation of National Energy Efficiency Action Plans every three years
by EU countries.
The planned rollout of close to 200 million smart meters for electricity and 45
million for gas by 2020.
Large companies conducting energy audits at least every four years.
Protecting the rights of consumers to receive easy and free access to data on
real-time and historical energy consumption.
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Metering and billing of electricity will be consolidated under the Internal
Market legislation, not the EED.
Energy savings should have a cumulative effect with 1.5% saved in 2021,
reaching 15% in year 2030 (1.5% times 10 years)

The Commission has published guidelines on good practice in energy efficiency.
Regarding the energy savings obligation, the EED delimits the Energy Efficiency
Obligation Schemes (EEOSs). EEOSs target energy suppliers, retailers and
distributors to tackle and carry out energy savings with their customers. Each
Member State should calculate the energy savings requirement by multiplying 1.5%
with the energy sales average over the previous three years prior the start of the
new period.
The EED adopted measures regarding energy efficiency in buildings such as ecodesign, building renovation and energy efficiency obligations schemes, including the
following important initiatives:


The Energy Performance of Buildings Directive (EPBD, 2002/91/EC) and
the EPBD recast (2010/31/EC) [20]: makes the energy efficiency market
more trusted and attractive for all stakeholders through collecting actual
energy consumption data and more robust Energy Performance Contracting
(EPC) databases. This directive encourages the use of simple ICT and modern
technologies, including building automation and renovation, and charging
infrastructure for electric vehicles, to ensure buildings operate efficiently.
The Smart Finance for Smart Buildings: includes specific measures to
further unlock private financing for energy efficiency and renewables in
buildings at a greater scale.
The Energy Performance Certificates (EPCs): informs prospective owners
and tenants about the performance of specific buildings and systems. EPCs
also offer recommendations on how to improve energy performance.
Furthermore, EPCs might be useful for mapping and monitoring the national
and European building stock, assessing real market investment needs and the
potential for energy efficiency improvements in the building sector.





Meeting the 30% energy efficiency target in 2030 will be ensured by a strong
political commitment on all levels, by:





extending successful policy areas (e.g. Article 7 of the Energy Efficiency
Directive)
improving existing policies (e.g. Energy Performance of Buildings Directive)
improving the financing conditions of energy efficiency (e.g. through the
‘Smart financing of Smart Buildings’ initiative)
improving the coordination and cooperation between all involved levels,
sectors and stakeholders (via the new Governance initiative)
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enlarging the scope and strengthening of minimum requirements of products,
vehicles and buildings (e.g. of Eco-design, Energy Performance of Buildings
Directive and vehicle standards)
informing and involving consumers better (e.g. through energy labelling and
the Market Design Initiative).
EU Privacy law and digital security

The General Data Protection Regulation (GDPR, 2016/679/EC), adopted in
April 2016, is a regulation by which the European Parliament, the Council of the
European Union and the European Commission intend to strengthen and unify data
protection for all individuals within the European Union (EU). It also addresses the
export of personal data outside the EU. GDPR will become valid on 25 May 2018
and will have immediate effect in all Member States without requiring any enabling
legislation to be passed by governments. It also will repeal the Data Protection
Directive 95/46/EC.
The objective with this regulation is the harmonisation of the 28 national data
protection regulations into one unified regulation, the improvement of corporate
data transfer rules outside the EU and the improvement of user control over
personal identifying data [21].
The new GDPR main requirements that may affect the HOLISDER project are:
•
Increased territorial Scope. A major change introduced in the GDPR is the
expansion of its jurisdiction beyond the EU. Every activity of personal data
processing from people residing in the EU is subjected to comply with the GDPR,
regardless of whether the processing takes place inside the EU or not, wherever the
processor company is established.
•
Personal privacy rights. Strengthening of individual’s rights to: access, be
informed, rectification, be forgotten, restrict processing, data portability and object.
•
Accountability. Organizations shall demonstrate compliance by keeping an
inventory of all the personal data they hold and a record of all data processing
activities. This should serve to justify the original intention for gathering the data,
the conducted process to obtain it, the planned time to retain it, the encryption and
accessibility measures’ security level, the reasons to share it with third parties, and
so on.
•
Unequivocal communication. Companies processing personal data are not
only due to know and comply with GDPR requirements over data subjects’ rights,
but also to inform clearly about it to their staff, clients and service users.
•
Stricter consent request. Request for consent is modified in favour of
individuals as it must be clear and distinguishable from other matters and provided
in an intelligible and easily accessible form. Organizations will not be able to use
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long illegible terms and conditions with confusing legal terminology. Also, data
subjects will be enabled to withdraw their consent without major barriers. Stricter
rules apply in the case of children data, as people under 16 years old are not
considered able to give consent as they may not be totally aware of the full meaning
of it. Minimum age may vary between member estates, never less than 13, and
companies must not seek consent from children.
•
Working within a legal ground. Consent is no longer the default mean to
justify the involvement of individuals in process data activities. Depending on the
type of data processing task, companies should comply with other lawful grounds
such as: a contract with the individual, compliance with a legal obligation, vital
interests, public task and legitimate interests.
•
Data protection officers. GDPR recommends the appointment of a Data
Protection Officer (DPO) to companies. A DPO is responsible to oversee the data
protection strategies and regulation compliance of companies. Appointing a DPO is
recommended as a matter of good practice, however is mandatory for companies
whose core activities are based on the regular monitoring of data subjects on a large
scale or of sensitive data.
•
Plan for data breaches. Breach notification will be mandatory in order to
mitigate the risks individuals might be exposed to. Companies must report data
breaches to their supervisory authority within 72 hours. Costumers must be notified
as well. Penalties are also conceived for organizations in breach.
•
Privacy by design approach. Every project and activity should adopt a privacy
by design approach and will require a data protection impact assessment (DPIA).
On one hand, the privacy by design approach requires the inclusion of data
protection from the designing phase, through appropriate technical and
organisational measures. On the other, DPIAs serve as a method to identify risks
for people privacy due to changes inside the organizations and act consequently to
mitigate them.
The usage of smart grids facilitates mass collection of detailed consumer
information. Smart meter data collection at 15-minute intervals can give a detailed
insight into a person’s life. It can determine times when a user is at home or at
work as well as eating, sleeping or watching television. This extensive user data
allows establishing a link with a particular individual, and therefore, the processing
of data within smart grids is subject the framework set by GDPR.
A collection of detailed users’ profiles may have an adverse impact on individuals’
privacy if abused or mishandled. Detailed profiles may also facilitate identity theft
which can lead to fraud. Furthermore, determining behavioural patterns can lead to
undesirable profiling by public authorities as well as private actors. For example, a
smart meter can reveal that a user owns an older model refrigerator. This
information could be sold to a refrigerator distributor, who, based on this
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knowledge, could suggest a newer energy saving model to a user. While this
example may seem to benefit users, cases of discrimination cannot be dismissed.
For example, a recent Belgian law requires smart meter data collection from people
receiving welfare benefits to help combat fraud. Additional risks may arise because
smart meters transmit and provide data through information communications
systems (i.e., the Internet) between the meter and energy suppliers. Participants
agreed that the use of smart grids should put consumers in control of their energy
use and it should not infringe on individuals’ rights and security.
To enhance security in the EU Member States, the Directive security of network
and information systems (NIS, 2016/1148/EC) was approved by the European
Parliament in August 2016. It provides the legal framework on cybersecurity for all
the EU Member States. Member States have 21 months to transpose the Directive
into their national laws (9 May 2018) and 6 months more to identify operators of
essential services (9 November 2018). The NIS Directive includes [22]:







Require Member States to be appropriately equipped, e.g. via a Computer
Security Incident Response Team (CSIRT) and a competent national NIS
authority.
Support and facilitation of information exchange, strategic cooperation
among Member States.
Creation of a CSIRT Network to share cybersecurity incidents and risks.
Operators of essential services will have to take appropriate security
measures and to notify serious incidents to the relevant national authority.
Key digital service providers (search engines, cloud computing services and
online marketplaces) will have to comply with the security and notification
requirements under the new Directive.

The "NIS toolkit" has been created to provide practical information to Member
States, e.g. by presenting best practices from the Member States and by providing
explanation and interpretation of specific provisions of the Directive to explain how
it should work in practice.
To summarize, both Implicit and Explicit DR are clearly regulated through the Article
15 of the Energy Efficiency Directive (EED, 2012/27/EC), including in the case of
Explicit DR the role of aggregators, which regulation is envisaged in the
aforementioned Directive. The interruptibility schemes (Explicit DR) are ruled by the
EC final Decision (7374/2014/EC) to ensure the grid stability and security. The
Network Codes are other regulatory instruments for the development of DR
mechanisms; they describe the terms and conditions under which demand-side
flexibility providers will be able to participate in the electricity markets.
Regarding the updated Energy Efficiency Directives, the EED 2012/27/EC regulates
the general energy efficiency framework in a DR context, with the target to achieve
an increase of 30% in energy efficiency mechanisms for 2030; and the EPBD recast
(2010/31/EC) regulates the Buildings EE to improve its efficiency through the
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encouragement of ICT and modern technologies (i.e. building automation/
renovation, and charging infrastructure for electric vehicles).
To conclude, the European Commission is enforcing DR, EE and GDPR regulations
in benefit of consumers and it is structuring a solid decarbonised based-market. In
the European framework, Member States are able to consolidate DR market designs,
on the condition that their national regulations and energy market allow them to
pursue such open schemes.

4

Greek context

The Greek pilot site consists of a group of 2 office buildings (“Artemidos” Building,
“Marinou Antypa” Building) and 25 residential dwellings (apartments), all located in
the metropolitan area of Athens. All are owned (in terms of electricity consumption)
by Protergia, the brand name of MYTILINEOS Electric Power sector, which is a
partner of the HOLISDER consortium.
The pilot buildings/apartments are named below:
•

“Artemidos” Building (MYTILINEOS S.A. Headquarters)

•

“Marinou Antypa” Building (Protergia Headquarters)

•

Residential dwellings
Overview

Greece is a Mediterranean country located in Southeast Europe, and shares borders
with Albania in the northwest, the Former Yugoslav Republic of Macedonia and
Bulgaria in the north, and Turkey in the northeast. It covers 131,957 km2 with a
coastline of 13,600 km, bordering the Aegean Sea, Ionian Sea, and Eastern
Mediterranean Sea.
Greece consists of the mainland and around 6,000 islands and islets, of which only
227 are inhabited. The total population of Greece is 10.75 million inhabitants
(2016). Athens is the capital city and about 40% of the population lives in the Attica
region, located around Athens. Since around 80% of the country consists of
mountains or hills, the rest of the country is sparsely populated, with the exception
of certain cities like Thessaloniki [23].
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Figure 3. Location of Greece.

The first level of local government is constituted by municipalities, while the second
level is composed by regions, which are divided into regional units. A group of
municipalities composes a regional unit. The third level consists of decentralized
administrations. A decentralized administration consists of a group of regions and
oversees the regions as part of the Ministry of the Interior, but it is not entity of
local government. There are 7 decentralized administrations (Attica, Macedonia and
Thrace, Epirus and Western Macedonia, Thessaly and Continental Greece,
Peloponnese-Western Greece and the Ionian Islands, Aegean, Crete), 13 regions
(Attica, East Macedonia and Thrace, Central Macedonia, Epirus, West Macedonia,
Thessaly, Central Greece, Peloponnese, West Greece, Ionian Islands, North Aegean,
Southern Aegean, Crete) and 325 municipalities [24]
The Greek economy relies primarily on the service sector, which accounts for over
80% of the gross domestic product (GDP). The industry sector accounts for less
than 15%, and the rest is made up of the primary sector (agriculture, fisheries and
forestry). Tourism, public sector and shipping dominate within the service sector
with the public sector accounting for 40% of the GDP. Greece recorded a GDP
growth of 0.3% in 2016, after years of economic recession, primarily due to a
strongly performing tourism sector. Total unemployment was about 21.2% in June
2017 [23].
4.1.1 Energy Profile
4.1.1.1

Fuel mix

Oil is the most significant fuel and the country is almost entirely dependent on oil
imports. Natural gas has been gaining ground in both the electricity generation as
well as for heating and industrial use and the country is also almost entirely
dependent on gas imports. Greece has a large amount of lignite production that
covers the domestic demand for lignite, which is still the dominant fuel in electricity
generation. Lignite accounts for almost 30% of the total electricity generation, but
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its use is decreasing. The transport sector, which is the largest energy-consuming
sector, is dominated by oil products, while large shares of fuel oil are being used
also in the residential sector (mainly for heating purposes).
The total final consumption (TFC) of Greece decreased by 30%, from a peak level
of 21.8 Mtoe in 2007 to 15.3 Mtoe in 2013, because of the economic downturn after
the financial crisis. TFC picked up slightly in 2015, to 16.4 Mtoe (see Fig. 4).
The transport sector is the largest energy consumer, accounting for 35% of TFC,
followed by the residential (27%), industry (23%), and commercial (15%) sectors.
The final energy consumption of all sectors has decreased similarly over the last
decade, with industry showing the largest fall by 29% from the peak in 2007.
Oil accounts for over half of the energy in TFC, mainly because of its dominance in
transport and large shares in the industry and residential sectors. Electricity is the
second-highest energy source, especially in the commercial sector [23].

Figure 4. Total fuel consumption by sector 1973-2015

4.1.1.2

Electricity sector

The electricity consumption in the Greek mainland (interconnected) power system
during the last 10 years lies in the range of 50-56 TWh/year, with a peak load
demand of 9,000-10,000 MW. However, the continuing economic recession after
the economic crisis of 2008 led to a notable decrease of the total electricity
consumption in the following years, as compared to the historical peak consumption
recorded in 2008 (56,3 TWh) (see Fig. 5).
The Greek interconnected power system currently comprises a set of thermal, hydro
and RES units. A recent overview of the Greek mainland power system is presented
in Table 1 [25]. It is noted that the energy generation mix is expected to undergo
major transformations in the near future regarding both the number of the available
generating units and the total installed capacity, mainly due to the gradual
withdrawal of old lignite generating units.
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Figure 5. Total Electricity Consumption / Peak Load Demand of mainland Greece (20062016)

Number of Installed Capacity
Units
[MW]

Unit Type

Fuel

Steam Units

Lignite

14

3,912

Combined Cycle Gas
Turbines

Natural Gas

10

4,723

Open-Cycle Gas Turbines

Natural Gas

3

148

Combined Heat and Power

Natural Gas

1

334

Hydro Units

-

16

3,173

RES plants

-

-

4,964

Total

-

44

17,254

Table 1. Greek interconnected power system overview (Sep. 2017)

The total electricity consumption in the Greek interconnected power system is
covered by electricity generation produced mainly by thermal power plants (ligniteand gas-fired units) (53%), renewables (mainly wind and photovoltaic (PV) plants)
(20%), and hydro (10%) (See Fig. 6). The Greek mainland power system is
currently interconnected with all neighbouring countries with AC (Bulgaria, FYROM,
Albania, and Turkey) and DC (Italy) interconnection lines, allowing for the daily
exchange of notable energy quantities in both directions (imports/exports).
However, recent historical data reveal that Greece has been a net importer in all
borders (e.g. 17.2% of total electricity consumption of 2016 was covered by net
imports) (see Fig. 6) [26].
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ELECTRICITY GENERATION MIX 2016 [TWH]
Imports
8.8
17.2%

Other
0.0
0.0%

Lignite
14.9
29.1%

RES
10.2
19.9%

Hydro
4.8
9.5%

Natural Gas
12.5
24.4%

Figure 6. Electricity generation mix in the Greek interconnected power system (2016)

Currently, the load demand in all non-interconnected Greek islands is mainly served
by diesel- and fuel oil-fired thermal generating units and, consequently, the cost of
electricity production is around 3-4 times higher than that of mainland Greece. In
this context, there are concrete plans of interconnecting the largest insular power
systems with the mainland in the near future, in order not only to significantly
reduce the total cost of electricity generation but also to facilitate the transition to
a cleaner energy generation.
4.1.1.3

Renewable energy sources

The first Greek support scheme was launched in the mid-1990s to incentivize
investments in renewable energy projects. Priority dispatch (“must-run” generation)
along with regulated Feed-in Tariffs (FiTs) were introduced to amplify renewable
penetration shares, while additional incentives were also offered in the form of
subsidies and income tax exemptions. Especially in the photovoltaic (PV) sector,
there was a steep capacity increase from 0.1 GW to almost 2.5 GW between 2010
and 2013, owing to the very attractive FiTs offered at that time for new PV
installations. However, this ‘solar boom’ entailed a significant deficit in the Special
Account for Renewables (from which RES producers are remunerated) [27]. In this
context, specific measures were imposed lately by the Greek State in order to
alleviate the additional economic burden undertaken by the electricity consumers
(through the imposed RES uplift charge in their electricity bills), so that RES
producers are fully compensated according to the agreed FiTs [28].
Figure 7 illustrates the projection of RES installed capacity in the next decade,
according to the base scenario recently formulated by the Greek TSO (ADMIE) [29].
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Figure 7. Projected RES installed capacity per RES technology (2017-2027)

4.1.1.4

District Heating

District heating in Greece only meets a small part of the final demand for space
heating (0.2% for the year 2007) and the heat distributed in the network originates
from thermal power plants which use conventional fuels (lignite and natural gas).
The first small-sized district heating facility in Greece started to operate in
Ptolemaida in 1960, in order to meet the heating needs of the Public Power
Corporation (PPC) settlement from the Ptolemaida thermal power station.
Nowadays, there are district heating facilities in the cities of Kozani, Amynteo,
Filotas and Megalopoli, which utilize the thermal load of the nearby lignite-fired
thermal power stations, while a gas-fired CHP power plant has the same role in the
city of Serres.
District heating in all these cases (except for the city of Serres) has been developed
in combination with the municipal enterprises, which purchase heat from PPC (based
on a contract) and then distribute it to the final consumers. The municipal enterprise
is responsible for the construction and operation of both the network and auxiliary
systems. Ptolemaida began as a pilot system and its success set the standard in
Greece. The installation of the district heating system at Ptolemaida was followed
first by the city of Kozani (1993) and then by the city of Megalopolis (2000) and the
city and communities of the Amynteo area (2004). Currently, planning of district
heating system facilities is in progress in cities of Central and Eastern Macedonia
and Thrace, which will utilize the natural gas pipelines (e.g. the Trans Adriatic
Pipeline) passing through the area [30].
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Figure 8. Central pump house of the Public Enterprise for District Heating in Ptolemaida
(DETIP) at the southern entrance of Ptolemaida [30]

4.1.1.5

Storage

Two pumped-storage hydro units located in northern Greece, namely Sfikia (315
ΜW) and Thisavros (375 MW), are the only large-scale storage facilities currently
operating in mainland Greece. Both units belong to PPC and operate in the
framework of the day-ahead market taking advantage of the difference in the
system marginal price (SMP) between different periods of the day. In other words,
these units consume electricity during the valley (low-SMP) hours to store water in
the upper reservoir and then produce electricity through water release during the
peak (high-SMP) hours.
Lately, the very high RES (mainly wind and PV) potential in the Greek islands has
incentivized the construction and operation of a hybrid system in the island of Ikaria
(East Aegean Sea). It consists of a wind plant and a pumped-storage hydro plant,
whose coordinated operation is expected to allow for very high RES penetration
shares in the island in the near future [31].
In addition, the TILOS project [32], aims at the development and operation of an
innovative local-scale, molten-salt prototype battery (NaNiCl2) energy-storage
system in the island of Tilos (South Aegean Sea).
Both energy projects are expected to set the ground for the implementation of such
innovative solutions in many islands in Greece in the near future towards higher
shares of renewable generation in conjunction with cleaner and more sustainable
energy production.
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4.1.1.6

Electric Vehicles

Electric mobility is at a very early stage of development in Greece, primarily because
of the lack of charging infrastructure, the lack of education about the advantages of
Electric Vehicles (EVs), and the high purchase cost. However, private automotive
and energy companies have already started to promote the use of EVs especially
for city moves, since their limited fuel range does not currently allow using them for
longer distances. A recent collaboration between Protergia (the brand name of the
MYTILINEOS Electric Power Sector) and VW Group subsidizes the purchase of the
VW e-up model (it is offered to customers at a competitive promo price) to
accelerate the expansion of electric mobility in Greece and allow residents to take
advantage of the obvious benefits of replacing conventional fossil-fuelled cars with
EVs, especially in the heavily air-polluted large cities.
Greece has launched the country's first EV charging station powered solely by solar
energy in 2015. The charging station, installed at the Technological Educational
Institute of Piraeus, is fitted with PV solar panels. A full charge takes 3-4 hours and
the station can accommodate both cars and motorbikes. The charging station has a
very good rate of energy efficiency, with 80-85% of the energy produced by the
solar panels being captured. It also functions as an educational tool and will be used
in teaching and research for students and graduate researchers on renewable
energy and EVs. Solar-powered EV charging stations have also been suggested as
a useful piece of infrastructure for the numerous constantly sunny Greek inhabited
islands.

Figure 9. First EV charging station powered solely by solar energy in Greece (2015)

4.1.2 Relevant institutions
Since the foundation of the Greek electricity market, the activities involved in the
electricity sector have been carried out by various entities. The key organizational
entities that currently regulate and operate the electricity sector are briefly
described in the following [33].
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Regulatory Authority for Energy (RAE)
The Regulatory Authority for Energy (RAE) was established on the basis of the
provisions of Law 2773/1999 and is an independent administrative authority, which
enjoys financial and administrative independence [34].
It is anticipated that the Authority possesses its own resources, i.e. revenue bonds
from the regulated industry, participation in research projects etc., while financial
management is subject to ex-post auditing by Independent Auditors and the Court
of Auditors.
New competences and duties were assigned to RAE with respect to electricity and
natural gas sectors by the Electricity Law 3426/2005 and the Gas Law 3428/2005,
in alignment with the relevant provisions of Directives 2003/54/EC and 2003/55/EC.
Among others, RAE advises on and approves the access tariffs to electricity and gas
networks, the terms and conditions for the provision of balancing services in natural
gas, as well as it intervenes on issues related to the security of electricity and natural
gas supply. Furthermore, on the basis of the modifications introduced with the
aforementioned laws, RAE acts as a dispute settlement authority with respect to
complaints against the transmission or distribution system operator in both
electricity and natural gas sectors.
Independent Power Transmission Operator (IPTO)
The Independent Power Transmission Operator (IPTO or ADMIE) S.A. was
established in compliance with Law 4001/2011 and Directive 2009/72/EC [35].
According to Law 4001/2011, ADMIE undertakes the role of Operator for the Greek
transmission system. As such, it performs the duties of system operation,
exploitation, maintenance and development so as to ensure the electricity supply in
Greece in a safe, efficient and reliable manner.
ADMIE is the sole owner of the Greek transmission system, in compliance with the
ITO (Input Transform Outcome) model provisioned by Directive 2009/72/EC.
Although it is a 100% subsidiary of Public Power Corporation S.A. (PPC), the exmonopolist in the Greek electricity sector, ADMIE is entirely independent from its
parent company in terms of its management and operation, retaining effective
decision-making rights. Its mission is to ensure the electricity supply in Greece in a
safe, efficient and reliable manner while promoting the development of competition
in the Greek electricity market and guaranteeing the non-discriminatory treatment
of System users.
Electricity Market Operator (EMO)
The Electricity Market Operator (EMO or LAGIE) S.A. was established in compliance
with Law 4001/2011 and Directive 2009/72/EC [36]. According to the provisions of
Law 4001/2011, LAGIE performs all activities previously undertaken by the Hellenic
Transmission System Operator (HTSO), except for those tasks currently taken over
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by IPTO. In particular, it implements the rules for the operation of the Greek
electricity market, including the Day-Ahead Scheduling (DAS) operation and the
financial transactions with all market participants (i.e. conventional producers, RES
producers, traders, electricity suppliers, etc.) in the framework of the day-ahead
market operation.
Hellenic Electricity Distribution Network Operator (HEDNO)
The Hellenic Electricity Distribution Network Operator (HEDNO) S.A. was formed by
the separation of the Distribution Department from PPC S.A., according to Law
4001/2011 and in compliance with Directive 2009/72/EC [37]. It is a 100%
subsidiary of PPC, however, it is independent in operation and management
retaining all the independence requirements that are incorporated within the
aforementioned legislative framework.
Company tasks include the operation, maintenance and development of the
electricity distribution network in Greece as well as the assurance of a transparent
and impartial access of consumers and all network users in general.
HEDNO S.A. is responsible for the development, operation and maintenance under
economically advantageous terms of the HEDN (Hellenic Electricity Distribution
Network), so as to assure its reliable, efficient and safe operation as well as its longterm capability to respond to the reasonable needs of the electricity, also caring for
the protection of the environment and the energy efficiency. In addition, it is
responsible for the assurance of the users’ access to HEDN with the most
economical, transparent, immediate and impartial way, so as to execute their
activities according to the Management Permit and the Management Code of HEDN.

Figure 10. Organizational structure of the Greek electricity sector
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The management of the non-interconnected islands power systems includes not
only the network management but also the management of the production and the
operation of the electricity market of these islands.
Figure 10 illustrates the current organizational structure of the Greek electricity
sector with the key participants and services. In the European context to create a
single electricity market (3rd EU Energy Package), new legal entities are going to
be created in the next few months/years in Greece to allow for more efficient crossborder energy flow among Member States.
4.1.3 Smart metering implementation
In Greece there is no progress regarding the installation of smart metering
infrastructure and the deployment of demand response programs. Current
percentage of smart metering deployment is almost zero. In fact, only 30 HighVoltage (HV) and around 11,500 Medium-Voltage (MV) consumers are currently
tele-measured (i.e. 15-min real-time consumption data are collected by ADMIE and
HEDNO, respectively, and used mainly for billing purposes), while around 7,5 million
Low-Voltage (LV) customers are still equipped with conventional metering
infrastructure allowing only for aggregated consumption data reading (monthly or
four-monthly time intervals are usually used by the electricity suppliers to invoice
their customers for their aggregated real consumption). Therefore, currently no IT
infrastructure that would allow for unidirectional or bidirectional communication
between HEDNO/Suppliers and the end-consumers and, in turn, for the massive
deployment of DR programs is available.
In the near future, HEDNO is planning to first implement a pilot project for the
installation of 200,000 smart meters in commercial buildings and households in five
regions of Greece. Once this pilot project is completed successfully, HEDNO intends
to proceed with the replacement of all 7,5 million conventional meters with smart
meters. This large-scale project is expected to allow for real-time access to massive
electricity consumption data, further aiming at the extended deployment of demand
response programs as well as the strong engagement of all end-consumers towards
more efficient use of energy.
4.1.4 Smart homes
Smart home systems as an idea is elusive to begin with, the approach to a smart
home system is not unique and it includes many different appliances and services
that range from smart lighting to security. While the smart home story has been in
the strategic plans of many businesses and utilities in Greece, no real progress has
been achieved yet. The ongoing economic recession and the long standstill in new
residential development has delayed the penetration even further.
Several utilities and retailers in Greece are approaching the “smart home” concept
through different offerings aiming at comfort, energy savings and home security.
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Smart lighting systems, thermostats, cameras and intelligent locking systems are
emerging in bundled offerings and/or as individual items on selves. The diversity
and variety of solutions offered especially in the hardware and connectivity side has
made the expansion of smart home even more difficult.
4.1.5 Relevant Projects
4.1.5.1

National initiatives

As described above, HEDNO plans to implement a pilot project for the installation
of 200,000 smart meters in commercial buildings and households in five regions of
Greece. Once this pilot project is completed successfully, HEDNO intends to proceed
with the replacement of all 7,5 million conventional meters with smart meters.
4.1.5.2

Other European projects

4.1.5.2.1

TILOS (On-going EU project funded under HORIZON 2020)

As aforementioned described in 4.1.1, the TILOS project [32] aims at the
development and operation of an innovative local-scale, molten-salt prototype
battery (NaNiCl2) energy-storage system in the island of Tilos (South Aegean Sea)
provided with an optimum, real-environment smart grid control system and coping
with the challenge of supporting multiple tasks, including: Micro grid energy
management, maximization of Renewable Energy System (RES) penetration, grid
stability, export of guaranteed energy, ancillary services to the main grid of Kos.
Legislation and regulatory framework
4.2.1 Building code
Regarding the European building legal framework, Greece complies with the
European Directive 2002/91/EC on the energy performance of buildings (EPBD) and
the EPBD recast (Directive 2010/31/EC). They are part of the EU initiatives on
climate change (commitments under the Kyoto Protocol) and security of supply.
There are several documents in Greece that are regulating the Building Code. The
main legal framework for buildings is defined in the Building Regulation (Ministerial
Decision (MD) 3046/304/1989, published in the Official Journal of the Hellenic
Republic, FEK 59/∆/3.2.89) for the construction of buildings, and the Generic
Building Regulation (Law 4067/4-2012) mainly for the terms of building. Various
requirements related to specific building aspects are referred to other documents,
such as the Energy Performance of Buildings Regulation, the Fire Regulation,
structural performance issues, etc. [38].
The first step for developing a national regulation on the energy performance of
buildings was made by the MD 21475/4707 (FEK 880/B/19.8.1998), addressing
issues such as the energy design study and the energy label of buildings. The
national law for the EPBD adaptation was presented at the Hellenic Parliament three
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months later and became official by Law 3661/2008. The adaptation of the European
Directive 2006/32/EC took effect in June 2010 by the national Law 3855/2010 (FEK
95/A 23.6.2010), introducing various energy efficiency improvement measures,
energy service companies (ESCOs) and third party financing (TPF) arrangements,
in order to achieve by 2016 an overall national indicative target of 9% energy
conservation [39].
The adaptation of the European Directive 2009/28/EC in the Greek regulation was
enacted by the national Law 3851/2010 on RES (FEK 85/A/ 4.6.2010). Accordingly,
as of 2011 it was necessary to reach an annual solar fraction of 60% for sanitary
hot water (SHW) production from solar thermal systems or substantiate technical
difficulties for non-compliance in order to acquire a new building permit. All public
buildings by 2015 and all new buildings by 2020 should cover their primary energy
consumption from RES, combined heat and power, district or block heating or
cooling, and energy efficient heat pumps. In addition, Law 3851/2010 set some very
ambitious national targets by 2020, in the framework of the binding EU target “2020-20” against climate change, as follows [40]:
a) Contribution of the energy produced by RES to the gross final energy
consumption by a share of 20%.
b) Contribution of the electrical energy produced by RES to the gross electrical
energy consumption to a share of at least 40%.
c) Contribution of the energy produced by RES to the final energy consumption
for heating and cooling to a share of at least 20%.
d) Contribution of the electrical energy produced by RES to the gross electrical
energy consumption in transportation to a share of at least 10%.
EPBD transposition was enacted in Greece by the national Law 3661/2008 on
‘‘Measures for the reduction of energy consumption in buildings and other
provisions’’, which was published in May 2008 (FEK 89/A 19.5.2008). In fact, this
law is a translation of EPBD, providing the general framework, with all major
provisions mandated by the Directive. Among the landmark decisions was the
agreement to follow the European standards. For instance, the provisions for issuing
an Energy Performance Certificates (EPCs) were mandatory. Several revisions
directly related to the contents of Law 3661/2008 have already been integrated in
satellite legislative efforts (Fig. 11).
The national Law on RES 3851/2010 extends the obligation to perform an energy
design study to all new buildings, regardless of their size, and allows audits in
individual units (properties) of a building (e.g. an apartment). The national Law
3889/2010 on the Green Fund (FEK 182/A/14.10.2010) mandates that residences
with an annual use of less than four months (e.g. summer residences) should also
comply with Law 3661/2008.
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Figure 11. Overview of main legislative instruments for EPBD implementation in Greece
[39]

Specific issues on the professional qualifications, training, accreditation, control
mechanisms and regulatory framework for the energy inspectors, are handled by
the Presidential Decree (PD) 100/2010 (FEK 177A/6.10.2010). A special unit for
energy inspectors was established within the Hellenic Ministry of Environment,
Energy and Climatic Change by Law 3818/2010 (FEK17/A/16.2.2010) to regulate
all issues related to energy inspectors.
After two years of consultations and the instrumental role of the Technical Chamber
of Greece, the ‘‘Regulation on Energy Performance in the Building Sector (“KENAK”
in Greek)” was finally issued by the MD D6/B/5825 (FEK 407/B/9.4.2010). KENAK
outlines the general calculation method and overall approach that is in accordance
to European standards, with the main calculation procedure of the building energy
demand according to the European Standard EN 13790. It introduces the use of a
reference building for benchmarking, the requirements for EPCs based on an asset
rating accounting for heating, cooling, ventilation, SHW and lighting, the minimum
energy performance requirements and thermal envelope heat loss constraints.
Finally, the energy audits of buildings, boiler and heating system inspections and
air-conditioning inspections are also briefly elaborated.
The minimum specifications for the building’s thermal envelope comply with the new
U-values. KENAK introduced lower U-values that replace the previous building
thermal insulation regulation—TIR (FEK 362/4.7.1979), which had been in use for
30 years without any adaptation. The new U-values according to KENAK are
provided for four climate zones based on the heating degree days (HDD) for
different locations. According to the previous regulation (TIR), there were three
climate zones (A–C) and KENAK introduced an additional climate zone (D) within
the northern regions of the country (zone C) (Fig.12).
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Figure 12. Climatic Zones of Greece under the new Regulation on Energy Performance in
the Building Sector [38]

The minimum specifications for the building’s electromechanical (E/M) installations
include:
-

Heat recovery by at least 50% in central air-handling-units with fresh air
supply greater than 60%
Proper thermal insulation of all heat and cold distribution pipes or ducts
Use of outdoor temperature compensation systems
SHW recirculation with variable speed pumps
Coverage of the SHW load by 60% from RES
Energy efficient lighting with proper central control in non-residential
buildings
Thermostatic control in different thermal zones
Independent heating and cooling with heat meters
Power factor correction in non-residential buildings, etc.

The energy design study for new buildings involves the assessment of the
architectural design, adequacy of the building’s thermal insulation, design of the
E/M installations and automation systems, and finally the building’s energy
performance. The reference building is a carbon copy of the studied (real) building,
but it automatically adapts the characteristics of its building elements and E/M
installations to meet the minimum energy efficiency requirements. The reference
building is a ‘‘good’’ building, i.e. by definition a class-B building. All other building
classes (A + to H) for labelling the building are defined as a percentage of the
reference building’s primary energy consumption. The building’s ranking is based
on the calculated primary annual energy consumption normalized per unit floor area
(kWh/m2) (see Figure 13).
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Figure 13. Official two-page Hellenic Energy Performance Certificate (in Greek)

Although KENAK is the main regulatory document, it is not so much detailed with
regard to all technical issues. Actually, throughout the document, it calls for the
development of the necessary technical guidelines that were anticipated to provide
all the necessary practical information. To ensure that future developments in the
European standards or from the experience gained during its implementation are
taken into account, if necessary, KENAK mandates that the calculation method is
periodically evaluated [40].
On 12 July 2017, a revised version of the Regulation on Energy Performance in the
Building Sector came into force by the MD DEPEA/178581 (FEK
2367/B/12.07.2017). The current Regulation replaced the previous one to keep
pace with the European Directive 2010/31/EC. The main changes are focused on
the following areas: a slight increase in the price of the aluminium frames, a slight
increase in thermal insulation claims and also the yields of heating boilers, defined
by relevant Technical Instructions issued by the Technical Chamber of Greece. The
requirements for heat pumps during heating are not deviated from KENAK 2010, as
are refrigerators when cooled. Central Air Conditioning Units remain unchanged, but
in new buildings there is an increase of units, as per the new requirements.
4.2.2 Demand Response
In Greece, there is currently a fully functional legal, regulatory and operational
framework solely for the compensation of interruptibility services provided by
eligible consumers through the conclusion of Interruptible Load Agreements.
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In principle, the EC final decision (7374/2014/EC) compensates certain
undertakings located in the Greek interconnected system that enter into contracts
with the ADMIE (the Greek electricity Transmission System Operator, or "TSO") to
agree to reduce their electricity consumption ("load shedding") for a given period of
time and given a stated notice time ("Power Reduction Order"). Industrial users
agree with the TSO to temporarily reduce (or "interrupt") their electricity demand
to cover imbalances in the supply and off-take of electricity from the network, in
accordance with Directive 2009/72/EC (the "Electricity Directive") which states
(recital 41) that "…Member States or, where a Member State has so provided, the
regulatory authority, should encourage the development of interruptible supply
contracts."
In the case of Greece, the need for a regulatory intervention on this matter was
primarily due to the lack of an applicable regulatory framework for demandresponse in the day-ahead market or for interruptibility services provided to the
TSO: Since suppliers and consumers cannot submit bids in the day-ahead market
(mandatory pool), the sole possibility for any sort of "participation" by consumers
in the day-ahead market would be through the voluntary inclusion of an
interruptibility clause in their supply contract. At least twice in the recent past, very
large industrial consumers, upon request by PPC have agreed to practically instant
load shedding for a limited period of time (approximately one hour), significantly
contributing to the security of supply of the electricity system.
For the proper implementation of this interruptibility scheme, eligible consumers are
those who meet all the following conditions:



Their installations are connected to the Electricity Transmission System (i.e.
the High Voltage Network) or the Interconnected Medium Voltage Network.
The interruptible power offered in each consumption location must amount
to least to 3 MW.

The interruptible power offered in each consumption location is equal to the
difference between:



The maximum hourly measured electricity consumption and the consumption
during the previous five calendar years.
The active power level for which the consumer vows in the Interruptible Load
Agreement that he can safely reduce the active power in the consumption
location following the TSO’s Power Reduction Order.

For the time being, only HV and MV customers have advanced meters, enabling
telemetering and use of IT solutions. Depending on the outcome of reviews of the
planned roll-out of advanced meters to all consumers, LV customers might
eventually be included in the interruptibility scheme, subject to a future review by
the Greek TSO.
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Undertakings connected to the HV Network are typically in the following sectors:
Non-Ferrous Metals; Non-Metallic Minerals; Iron and Steel; Lignite Mines; Petroleum
Refineries; Cement; Chemicals; and Pumping. Undertakings connected to the
Medium Voltage Network are typically in the following sectors: Non-Ferrous Metals;
Non-Metallic Minerals; Iron and Steel; Cement; Paper, Pulp and Printing; Chemical;
Food & Beverages; Textiles; Hospitals; Hotels; and Large Commercial Buildings.
In order to actually receive support, eligible undertakings have to participate in a
tender and be awarded an Interruptible Load Agreement. Such tenders have been
announced and have been taking place periodically. The first tender for the
aforementioned interruptibility scheme took place in March 2016, while additional
tenders also took place covering the period from March 2016 to Aug 2017. A recent
Ministerial Decision (MD) extending the electricity Interruptible Power Service
Mechanism - or interruptibility scheme - for two years, from January 2018 until the
end of 2019, was signed in December 2017. It expires on 31/12/2019, at which
point the measure will be re-examined.
Further details on the Interruptibility Load Agreement as well as the provision of the
related interruptibility services are clarified in the latest MD 32920/9181 (FEK
4546/B/21.12.2017), and are briefly summarized as follows:
This MD sets out two types of services to be procured by the TSO, namely Type 1
and Type 2 (see Table 2 below). Within the notice period specified for each service,
the beneficiary must reduce its electricity consumption to a level lower than or equal
to that specified in the Power Reduction Order. The duration of individual load
shedding events (and the cumulative duration of all load shedding events per year)
cannot exceed predetermined periods for each beneficiary, depending on the type
of service being provided.

Type

Notice
time

Duration of
each Power
Reduction
Order

Maximum
Duration of
Load
shedding per
year

Minimum period
between two
consecutive
Power Reduction
Orders

Maximum
number of Power
Reduction Orders
per month

1

5 minutes

48 hours

288 hours

1 day

3

2

5 minutes

1 hour

24 hours

5 days

4

Table 2. Different types of Interruptibility services, offered by the TSO, depending on the
notice time, duration of each load shedding and maximum duration of the load shedding
per year

Both services are intended to support security of the electricity system. The Type 1
service is intended to provide tertiary reserve, while the Type 2 service is intended
to provide "fast tertiary" reserve.
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The TSO directly issues Power Reduction Orders to beneficiaries connected to the
HV Network. In the case of beneficiaries connected to the MV Network, Power
Reduction Orders are issued by the relevant network Operator, following an order
by the TSO.
Once a Power Reduction Order has been issued, the beneficiary must not readjust
active power to levels exceeding those set out in the Power Reduction Order until it
receives a relevant order by the TSO or the validity period set out in the Power
Reduction Order expires. The beneficiary must also ensure that the provision of the
service cannot cause damage to its facilities or injuries to its employees and give
the TSO right of access so that it may verify compliance with Power Reduction
Orders.
Compensation to beneficiaries is paid according to their ability to reduce electricity
consumption and is specified according to complex mathematical formulas.
Compensation is independent of the number or level of Power Reduction Orders that
are issued, i.e. beneficiaries are not entitled to compensation for actually reducing
active power following a Power Reduction Order by the TSO. Further details on the
compensation scheme are provided in [7]- [41].
In any case, the total financial compensation for any one month cannot exceed a
limit of €15 per MWh of electricity consumed by the beneficiary during the month.
Applying the cap on the monthly consumption of a consumer is intended to ensure
that only consumers that were really consuming energy during a month and,
therefore, could actually provide the interruptibility service will be reimbursed. The
cost incurred by the TSO is to be fully recovered through a specific charge imposed
on all producers of electricity in the Greek interconnected system, the Special
Charge for Energy Supply Security (SCESS), established in Article 143(B) of Law
4001/2011.
Failure to comply with a Power Reduction Order will result in penalties, intended to
mitigate the risk that consumers might be tempted to proceed with the execution
of an interruptibility contract, while being unable (or unwilling) to actually provide
the service. For a first failure to comply, the penalty will be proportional to the total
remuneration for the entire duration of the agreement (but no more than 110% of
the total contractual payment they are entitled to), according to a formula set out
in the respective Ministerial Decision. In case of a second failure to comply, the
agreement with the TSO is automatically terminated and the consumer is required:
(a) to return all payments already received; and (b) to pay in addition a penalty
equal to 20% of the total remuneration deriving from the contract had it not been
terminated
Apart from the aforementioned documents, in Greece there is currently no other
official legal and/or regulatory document regarding the installation of smart
metering infrastructure and the deployment of extensive demand response
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programs for almost all end-consumers (except for large industrial consumers
participating in the aforementioned interruptibility mechanism).
4.2.3 Data protection Law
Greece is a member State adhered to the GDPR (2016/679/EC) in order to give
control back to citizens and residents over their personal data and to simplify the
regulatory environment for international business by unifying the regulation within
the EU.
To emphasize on how important this new regulatory framework is, we can ponder
on the example of the recent problem that HEDNO encountered while attempting to
run a pilot for the installation of approximately 200.000 smart meters for residential
customers across Greece. The project was characterized by non-conformity with
GDPR regulations that state that there should be a clause for security by design in
systems that collect, transport and store personal data. In view of the high risk, the
project was put in halt and has yet to be released.
Electricity market
4.3.1 Market Design
The Greek wholesale electricity market currently operates as a centralized
mandatory pool. In the centralized mandatory pool, each generating unit submits a
complex offer comprising an energy offer, a reserve offer and a declaration with its
techno-economic data, including start-up and shut-down procedures and costs. The
Market Operator (LAGIE) solves a short-term unit commitment problem on a daily
basis (also known as “Day-Ahead Scheduling” or DAS), where a simultaneous 24hour co-optimization of energy and reserve resources is performed under a large
set of unit and system constraints (e.g., unit start-up and shut-down procedures,
minimum-up/down time constraints, min/max power output restrictions, ramp-rate
limits, system reserve requirements, transmission limits, etc.), so that scheduled
demand matches energy injection (production/imports) in each hour of the day.
LAGIE settles the day-ahead market based on the System Marginal Price (SMP),
which is comparable to a day-ahead price as commonly used elsewhere in the EU.
Currently, there is no separate balancing market; instead, System Operator
(ADMIE) clears the occurred imbalances with respect to DAS schedules through a
special ex-post imbalance settlement mechanism in which deviations from DAS are
charged or compensated for based on the relevant imbalance price (Ex-post SMP).
ADMIE is also responsible for the dispatch schedule, the real-time dispatch
instructions, and the settlement of all other charges or payments in the System.
Explicit auctions for acquiring capacity on the interconnection lines are performed
on a yearly, monthly and daily basis.
SMP is computed by LAGIE based on declared values submitted by generators and
suppliers and forecasts for all other system parameters (e.g. RES generation), while
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the imbalance price is calculated by ADMIE based on actual, metered values for all
parameters. A price cap for energy applies in the wholesale market and is currently
equal to 300 €/MWh. The mandatory pool is offering only limited degrees of freedom
to market participants; it does not allow bilateral contracts and limits long-term
hedging to over-the-counter financial products.
Greece introduced a transitional capacity remuneration mechanism with regulated
pricing from 1 May 2016 to 30 April 2017. Gas-fired and hydro units that fulfil
specific ramping requirements were eligible for capacity payments to compensate
them for their availability of flexible generation. A permanent capacity payment
mechanism may be introduced in the forthcoming years, depending on the outcome
of the ongoing adequacy assessment. The growing penetration of variable
renewable electricity along with its priority dispatch has caused market prices to
drop significantly and necessitated the assessment of introducing the mechanism,
since most conventional generating units (especially flexible gas-fired units) cannot
recover their full production cost (variable + fixed cost) from the wholesale market
mechanisms. The purpose of the capacity remuneration mechanism is to ensure
long-term capacity availability and to deal with market failures [42].
In order to develop a single European electricity market (3rd EU Energy Package),
the Greek wholesale electricity market is in the middle of a heavy restructuring. In
this context, new distinct markets are going to be created in the next few
months/years in Greece to allow for more efficient cross-border energy flow among
Member States, so that market prices converge as much as possible between
different countries.
During this transformation, Greece will introduce a forward, intraday, and real-time
balancing market over a transition period, to complement the restructured dayahead market. The key characteristics of the new markets are the following [42]:







A forward market that will be operated by Hellenic Energy Exchange (HENEX),
which will be established as a joint venture between LAGIE and Athens Stock
Exchange. Forward products are important for the hedging of price risks and are
critical for retailers that seek to expand their customer portfolio and for
generator investments decisions.
A new day-ahead market that will be an energy-only market without technoeconomic constraints and which will be operated by HENEX.
An intraday market that will also be operated by HENEX. Intraday markets allow
renewable energy source producers to adapt their portfolio until close to realtime closure, allowing deviations between real and scheduled production and
reducing exposure to the balancing cost.
A balancing market that will be operated by ADMIE. Balancing markets
remunerate the real scarcity of electricity and can incentivize all parties to
remain in balance, hence reducing the need for the TSO to contract reserves
and rendering intraday markets more liquid.
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It is expected that the intraday and balancing markets will also allow remuneration
of flexible units in a market context, they will improve the investment climate for
storage, and they will incite the participation of demand in the market. This ensures
that the market provides for the system flexibility required for cost-effective
integration of wind and solar resources in the electrical system. The adoption of
balancing requirements from renewable energy source producers is already
foreseen under the legislation, but has, as a prerequisite, the existence of a liquid
intraday market, to ensure equal opportunities.
Finally, the market coupling of Greece with other European Countries operating
under the Price Coupling of Regions (PCR) initiative is expected to optimize the
usage of interconnection capacity, facilitate the development of liquid and
competitive markets, and enhance the security of supply. Currently, Greece is in
the process of preparing the necessary market codes and proceed with the
realization of the new market environment.
4.3.2 Roles
The key organizational entities that regulate and operate the electricity sector were
described before and summarize as follows:
Regulatory Authority for Energy (RAE)





Approval of access tariffs to electricity and gas networks
Approval of terms and conditions for the provision of balancing services in
natural gas
Intervention in the security of electricity and natural gas supply
Acts as a dispute settlement authority with respect to complaints against the
transmission or distribution system operator in both electricity and natural
gas sectors.

Independent Power Transmission Operator (IPTO or ADMIE)




Operator and sole owner for the Greek transmission system
System operation, exploitation, maintenance and development to ensure the
electricity supply
Development of competition in the Greek electricity market and guaranteeing
the non-discriminatory treatment of System users.

Electricity Market Operator (EMO or LAGIE)



Performs all activities previously undertaken by HTSO, except for those tasks
currently taken over by IPTO.
Implementation of the rules for the operation of the Greek electricity market,
including the Day-Ahead Scheduling (DAS) operation and the financial
transactions with all market participants in the day-ahead market operation.
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Hellenic Electricity Distribution Network Operator (HEDNO)




Operation, maintenance and development of the electricity distribution
network in Greece
Assurance of a transparent and impartial access of consumers and all network
users in general.
Responsible for the development, operation and maintenance under
economically advantageous terms of the HEDN (Hellenic Electricity
Distribution Network)

4.3.3 Wholesale and Retail Market
Regarding market players in the generation sector, the vertically integrated stateowned electricity company Public Power Corporation S.A. (PPC) still dominates the
electricity sector value chain. It accounts for 79% of the installed thermal generation
capacity and for about 73% of thermal electricity generation. PPC’s total production
share was 53% in 2017 (also counting for hydro production, RES production and
imports). Amid decreasing electricity consumption, rising air pollution,
environmental restrictions, and low gas prices, lignite production costs have been
increasing. This trend is expected to continue as coal-fired plants are being replaced
by plants fuelled by natural gas and renewables. Consequently, lignite consumption
and production in 2017 has seen a downward trend. PPC is the dominant owner of
lignite mines, while there were also a few private companies operating small lignite
mines in 2016 (Achlada, METE, and LARCO). PPC decommissioned 913 MW of lignite
capacity from 2010 to 2016, and plans to decommission another 2112 MW by 2025.
The company plans to commission one new lignite unit of 660 MW (Ptolemaida 5)
in 2023-2024.
As PPC owns all lignite and hydro assets, large private generators are only engaged
in gas-fired generation and renewables. Independent Power Producers (IPP) built
seven gas-fired plants with a total capacity of 2580 MW. Electricity imports and
exports are market driven, reflecting the price differentials among the Greek
wholesale market and the prices in neighbouring countries. There are multiple
private RES producers (mainly wind and PV producers), and the share of renewable
energy sources in the Greek power sector has been growing quickly, reaching 18%
of the total supply in 2017.
Regarding the supply sector, PPC’s share in the retail market is currently equal to
84%, although 17 suppliers are now active in the retail market. There are three
main alternative suppliers, each with a market share of 3.0 – 3.5%, and the rest of
alternative suppliers have gained a total share of 6% so far. According to the
provisions of the 3rd Economic Adjustment Programme, the share of PPC has to be
reduced to 50% by the end of 2019. In consultation with the Institutions, the Greek
Authorities resorted to an alternative mechanism to reduce the market share of PPC,
namely the NOME auctions, under which alternative suppliers are provided access
to low-cost PPC’s generation. The Regulatory Authority for Energy (RAE) determines
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the annual amount of electricity that will be available through auction sales of
forward electricity products, while LAGIE conducts the auctions. In the auctions,
PPC sells around 40% of its production from lignite and hydro units (over which it
has a monopoly), which usually present lower variable production costs as
compared to the natural gas units of the IPPs. Therefore, the cost of the alternative
suppliers’ fuel mix is reduced, which has a positive impact on the competitiveness
of the retail market.
Retail tariffs were de-regulated on 1 September 2013 for all consumer categories,
except for certain categories of vulnerable consumers. However, retail prices are
not fully responsive to wholesale prices. RAE is intensifying the monitoring of price
developments in the retail market, while it has identified several possible reasons
for the reluctance of end-consumers to switch supplier. The complexity of
understanding the electricity bill, including several non-electricity related items,
such as municipal tax and television charges, has also been identified as a possible
barrier to changing suppliers.
4.3.4 Renewable Energy Sources
Currently, there are no active RES aggregators in the Greek electricity market, since
all existing RES plants are remunerated on the basis of constant Feed-In-Tariffs
(FiTs), independent of the wholesale market clearing prices. However, Law
4414/2016, which was published in August 2016, established a new support scheme
for renewable energy (RES) and Co-generation of High-Efficiency Heat and Power
(CHP) compatible with the EU Guidelines on State aid for environmental protection
and energy 2014 – 2020 [43]. It also aims for a gradual integration and participation
of RES and CHP projects in the electricity market on an optimal cost benefit basis
for society. According to the provisions of this Law, as of 1 January 2016, the
following apply to RES projects that enter into full or trial operation in the Greek
Interconnected System:





RES projects shall participate in the electricity market and be subject to
settlement procedures similar to conventional generating units.
Operating aid shall be granted in the form of a feed-in premium (“FiP”)
(essentially a contract for difference) or, exceptionally, feed-in tariff (“FiT”)
(mainly for small-sized RES plants and RES units operating in noninterconnected islands)
The FiP, which is calculated as the difference between the Market Price and the
applicable Reference Tariff (“RT”), shall be paid on a monthly basis, according
to a Feed-in Premium operating aid Contract (“FiPC”) signed between the RES
producer and LAGIE.

RES producers that have signed FiPCs have to be registered with the Register of
Participants kept with the Market Operator. Alternatively, they may elect to
participate in the market through RES ‘aggregator’ service companies. RES
producers or RES aggregators with FiPCs will undertake balancing responsibilities
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on the implementation of the electricity market reform according to the EU
electricity target model; such obligation will commence on the development and
operation of an Intraday Electricity Market of adequate flow. In the transitional
phase and until their balancing responsibilities have been implemented, RES
producers or RES aggregators representing RES producers with a FiPC are subject
to separate obligations relating to the optimal accuracy of their dispatch forecasts
in the day-ahead market.
Since 1 July 2009 a subsidy scheme has been in force for the installation of small
PV systems (<10 kW) in the residential sector. In September 2010, the scheme was
extended to cover all regions, and authorization procedures have been further
simplified. Residential PV is still one of the most dynamic segments of the RES
market. Since 30 December 2014 a new self-consumption scheme (based on netmetering) has been in force in parallel to the existing support scheme which is based
on FiTs/FiPs. The new self-consumption scheme was officially launched by HEDNO
in March 2015 and concerns the installation of small PV systems (<20kW for
mainland Greece and <10kW for non-interconnected islands) connected to the LV
distribution network.
Since July 2017 farmers, Municipalities and Charitable Institutions are able to install
a photovoltaic system with virtual net metering. This way it is possible to offset the
energy produced (from a PV station) to the energy consumed by one or more selfconsumption facilities, while the production facility does not have to be located in
the same (or adjacent) space with the electrical installation and connected to it
(network connection through the same supply), as is it would have to with
simple net metering. The first virtual net metering project was the 10 KW PV system
installed recently in 2017 at the rooftop of a school in the city of Thessaloniki and
funded by Greenpeace Greece [44].
Social, cultural and ethical aspects
Electricity was first introduced in Greece in 1889 with the construction of a small
power plant in the centre of Athens to power the Royal Palace (now the Greek House
of Parliament), that would also cover with electricity the city centre (known as the
Historical Centre) of Athens. At the same year, electricity was introduced in Northern
Greece and specifically in Thessaloniki that was under Turkish occupation at the
time. The task of bringing electricity to the major Greek cities (250 cities with
population above 5000 inhabitants) was undertaken by the American company
Thomson – Houston that collaborated with the National Bank of Greece to create
the Greek Electricity Company.
Smaller and less populated cities and villages where electrified by the endeavours
of small private companies or by municipalities, the fuel used was either oil or coal,
both imported at 100%. Small production companies and rises in primary fuel
source prices caused the electricity prices to skyrocket making electricity a luxury
that most of the population could not afford. This situation persisted more or less
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until 1950 when the Public Power Corporation (PPC) was founded and the
electrification of all the country begun, making electricity a commodity for the Greek
household. In the last 68 years that the Greek electricity system is evolving, there
have been significant changes in the landscape both for businesses as well as
households. Electricity is now considered a commodity by all, one that is tightly
linked with the government.
The fact that PPC has been the only company that has been providing electricity to
end consumers up until 2010 (state monopoly), has created a common belief that
electricity is a government provided good that has a fixed price and is subject to
subsidies for different groups and reasons. It is only in the last few years that private
companies entered the Greek electricity market on the retail side and the broad
public is starting to see the effects of market competition and the evolution of the
end product. Last but not least, a large part of the electricity bill (~50%) consists
of taxes, levies and third party charges (municipal charges, television charges, etc.)
essentially making the invoice a tax collecting mechanism and further strengthening
the belief that electricity is a government business.
It is also important to state that there is a different approach to electricity and the
retail market in different parts of Greece. Due to the large coal mines and coal power
plants that PPC owns and operates in Northern Greece (Western Macedonia area),
there are special bonds formed with the local communities and even subsidies that
are provided to the households and businesses that operate in the vicinity. Another
consumers’ category are those living in the non-interconnected Islands in Greece:
there is a large number of inhabited islands in Greece that are quite far from the
mainland and are powered by local power plants (conventional fossil-fuelled plants
and RES units) that form microgrids. The inhabitants of these islands do not have a
choice yet as to who will be their electricity provider and are currently served by
PPC.
The economic crisis that has been troubling Greece since 2008 also played a
significant role in the formulation of the electrical consumer conscience. With the
GDP per capita dropping as much as 56% from 2008 until 2017 and the electricity
consumption per household staying at the same levels (~10% decrease) due to its
rigid nature, a huge amount of debt was created for PPC because of the belief that
electricity is a government issue coupled with the high-level policy of PPC not to
disconnect customers due to bad debt, unless it is absolutely necessary.
Another unfortunate measure that was undertaken by the government is the
introduction of a special tariff for the economically challenged that is as much as
42% lower to the average price range, further decoupling the connection in the
consumers’ mind between the cost of production and the cost of electricity and
strengthening the government role in the product chain.
On the other hand, as Greece is trying to emerge from the turbulent period of the
economic crisis and the indexes are picking up pace, a new type of customer seems
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to take the place of the traditional owner. Younger crowds are taking lead in deciding
which will be their electricity supplier. These consumers have been well educated
by the telecommunications market opening in the late 90’s and have a strong sense
of product and market competition. This shift in decision makers and the ever
growing maturity of the liberalized energy market changes the overall potential for
new energy products and customer education on the different available choices. The
new consumer has a tendency towards more complex products and, therefore,
many companies are piloting different approaches to that new tendency with the
first results looking very promising.
SWOT analysis Greek context for HOLISDER uptake

•New legal entities and
new distinct markets
are being created:
enhancement of
efficient cross-border
energy flow

•No regulations on
smart metering
installation
•No regulations on
deployment of
extensive DR
programs for almost
all end-consumers

•Intraday and real-time
balancing market to
be established to
enhance efficient use
and pricing of energy
•Gradual integration
and participation of
RES in the markets

•Significant delay on
the establishment of
the new markets
•Regulatory issues to
be resolved to
enhance electricity
market
competitiveness
•Continuous changes
in the regulatory
framework

STRENGTHS

WEAKNESSES

THREATS

OPPORTUNIT
IES

•Currently, no IT
infrastructure that
would allow for the
massive deployment
of DR programs

•On-going pilot
project for the
installation of
200,000 smart
meters in commercial
buildings and
households in five
regions of Greece
•Roll-out for the
replacement of 7,5
million meters in all
electricity consumers
by HEDNO.

•Implications of GDPR
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5

UK context

The UK pilot site consists of a group of 2 residential buildings (110 units at Ernest
Dence Estate, and 128 units at Tome Close Estate), one hotel (The Marriott Regents
Park Hotel) and 2 office buildings (the KIWI Office Building and the Moore House
Office Building).
Following the inclusion of some of these buildings as a pilot buildings in the H2020
MOEEBIUS project, a wide variety of sub-metering systems, sensors and
controllers/ actuators have been installed in all the building groups, including
temperature, humidity and VOC sensors, smart HVAC control systems and
communication gateways, along with smart meters and sub-meters, even at the
level of individual devices.
The pilot buildings/apartments are named below:






Ernest Dence State
Tome Close Estate
The Marriott Regents Park Hotel
The KIWI Office Building
Moore House Office Building
Overview

The United Kingdom (UK) is a sovereign country in Western Europe. The United
Kingdom includes the island of Great Britain, the north-eastern part of the island of
Ireland and many smaller islands. Northern Ireland is the only part of the United
Kingdom that shares a land border with another sovereign state—the Republic of
Ireland. Apart from this land border, the United Kingdom is surrounded by the
Atlantic Ocean, with the North Sea to its east, the English Channel to its south and
the Celtic Sea to its south-south-west. The Irish Sea lies between Great Britain and
Ireland. With an area of 242,500 square kilometres (93,600 sq. mi), the UK is the
78th-largest sovereign state in the world and the 11th-largest in Europe. It is also
the 21st-most populous country, with an estimated 65.1 million inhabitants (2015)
Together, this makes it the fourth-most densely populated country in the European
Union [45].
The UK has a parliamentary government based on the Westminster system. The
parliament meets in the Palace of Westminster and has two houses: an elected
House of Commons and an appointed House of Lords. The position of prime minister
commands the confidence of the House of Commons and chooses a cabinet whose
members are formally appointed by the monarch to form Her Majesty's
Government. By convention, the monarch respects the prime minister's decisions
of government.
The distribution of functions of the local government varies according to local
arrangements. Legislation concerning local government is the responsibility of the
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UK's parliament and the government. The upper-tier subdivisions of England are
the nine regions. One region, Greater London, has had a directly elected assembly
and mayor. Below the regional tier, some parts of England have county councils and
district councils and others have unitary authorities.
The UK has a partially regulated market economy. Based on market exchange rates,
the UK is today the fifth-largest economy in the world, the second-largest in Europe
after Germany [46]. The service sector dominates the UK economy, contributing
around 80% of GDP; [47] the financial services industry is particularly important,
and London is the world's largest financial centre. Britain's aerospace industry is the
second-largest national aerospace industry. Its pharmaceutical industry, the tenthlargest in the world, plays an important role in the economy. Of the world's 500
largest companies, 26 are headquartered in the UK.
5.1.1 Energy Profile
From 1998 to 2015, the energy consumption in the UK has fallen 17%, and more
of its consumption is coming from renewable sources. However, at the same time,
the decline in North Sea oil and gas production has meant the UK has become
increasingly dependent on imports of energy.
The fall of the total energy consumption may be explained by the increased use of
energy-efficient technologies by households and firms, the government policies
designed to reduce energy consumption, and a decline of UK manufacturing,
especially in energy-intensive industries.

Figure 14. Total inland consumption on a primary fuel input basis in 2016

Key energy trends from 2016 are:
 Total energy production was 1.2% higher than in 2015. This increase, which
follows an increase of 9.6% between 2014 and 2015, was due to rises in output
from oil, gas, bioenergy and nuclear. Coal output fell to a record low level, whilst
output from wind, solar and natural flow hydro also fell.
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 Total primary energy consumption for energy uses was 1.5% lower than in 2015.
However, when adjusted to take account of weather differences between 2015 and
2016, primary consumption fell by 2.5%.
 Final energy consumption (excluding non-energy use) was 1.1% higher than in
2015, with rises in the domestic, transport and services sectors but with a fall in the
industrial sector. On a seasonally and temperature adjusted basis it is estimated to
have risen by 0.6%.
 Of electricity generated in 2016, gas accounted for 42.4% (an increase of 13
percentage points on 2015) and coal accounted for 9.1% (a decrease of 13
percentage points on 2015). Nuclear’s share of generation increased by 0.4
percentage points on 2015, to 21.2%.
 Renewable electricity generation was 82.8 TWh in 2016, a decrease of 1.0% on
the 83.6 TWh in 2015, with bioenergy up by 0.7% and wind generation down by
7.0%. Renewables’ share of electricity generation decreased to 24.4% in 2016, a
fall of 0.2 percentage points on 2015. Renewable electricity capacity was 34.7 GW
at the end of 2016, a 13.7% increase (4.2 GW) on a year earlier.
 Low carbon electricity’s share of generation increased marginally from 45.4% in
2015 to 45.6% in 2016.
 Average annual household energy bills (based on fixed consumption of 3,800 kWh
per annum for electricity and 15,000 kWh per annum for gas) across all payment
types in 2016 decreased by £61 (down 4.7 per cent to £1,236) compared to 2015.
Average electricity bills were £2 higher, with gas bills down £63.
5.1.1.1

Electricity sector

Main trends of the electricity sector in 2016:









Generation in 2016 from coal fell by 59% and gas increased by 43 %
compared with a year earlier. Generation from renewables was down 0.9%,
mainly due to a fall in average wind speeds and average rainfall compared to
2015.
In 2016, coal accounted for 9.1% of generation. Gas’s share increased to
42.4%. Nuclear’s share increased to 21.2%, with renewables accounting for
24.4% of generation.
Low carbon generation (including renewables) accounted for 45.6% of
generation in 2015, compared to 45.4% in 2015.
Total electricity generated in 2016 was 0.2% lower than a year earlier, whilst
imports made up 5.2% of electricity supplied.
Fuel used by generators in 2016 was 4.0 % lower than in 2015.
Final consumption of electricity increased slightly by 0.1% in 2016. Domestic
use fell slightly by 0.1%.
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Figure 15. Electricity generated in 2016 in UK [48]

5.1.1.2

Renewable energy resources

The main trends in the renewable energy resources in 2016:






Renewable electricity generation was 82.8 TWh in 2016, a fall of 1.0 per cent
on the record 83.6 TWh recorded in 2015. Offshore wind generation fell by
5.8 per cent and onshore wind by 7.8 per cent, with average wind speeds (at
8.3 knots) 1.0 knots lower than the high wind speeds of 2015 (the highest in
the last fifteen years). Generation from solar photovoltaics increased by 36
per cent, to a record 10.3 TWh, due to increased capacity. Hydro fell by 15
per cent compared with 2015’s record level, to 5.4 TWh, with average rainfall
(in the main hydro areas) down by 19 per cent on a year earlier. Generation
from bioenergy was up slightly on 2015, with additional capacity being
partially offset by maintenance outages at the converted Drax biomass units
and the closure of Ironbridge in late 2015.
Renewables’ share of electricity generation fell from 24.6 per cent in 2015 to
24.4 per cent in 2016.
Renewable electricity capacity was 34.7 GW at the end of 2016, a 14 per cent
increase (4.2 GW) on a year earlier.
Renewable transport: liquid biofuels accounted for 4.4 per cent of petrol and
diesel consumed in road transport in 2016, a 0.2 percentage point fall on the
share in 2015.
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Figure 16. Renewable electricity generation in 2016 in UK [48]

5.1.1.3

District Heating

Nearly half of the UK’s energy is used for heating. Heat networks, though firmly
established in other countries across Europe, provide only 2% of the UK’s nonindustrial heat demand, an estimated 2,000 networks serving approximately
210,000 dwellings and 1,700 commercial and public buildings across the UK.
Estimates for heat supply from heat networks in the UK vary. To establish a baseline
for analysis, the Department of Energy and Climate Change (DECC) estimate of 5.5
TWh has been used.
Figure 16 shows the spatial location of known district heating schemes in the UK.
All large schemes are mapped, noting that a large number of smaller schemes
remain unreported. When fully implemented, the UK Heat Network (Metering and
Billing) Regulations 2014 will require heat network operators to report the location,
scale and heat supply of their schemes. It is therefore recommended that this
assessment is re-appraised in subsequent years [49].
Decentralized energy promotion is a key aspect of the National Planning Policy
Framework, which requires local authorities to identify and plan for opportunities
for decentralized energy including district heating systems, either through local
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planning policy, or as a mechanism to achieve set targets for reductions in CO2
emissions.
Heat maps and masterplan studies for district heating opportunity areas are
available both at a national level (via DECC) and increasingly at a local authority
level. In London for example, local policy requires all new major developments to
consider the viability of district heating and where applicable, connect to existing
networks unless it can be demonstrated as not viable to do so.

Figure 17. Spatial location of known district heating schemes in the UK

5.1.1.4

Electric vehicles

Figures published by the Society of Motor Manufacturers and Traders (SMMT) each
month show that electric car sales in the UK have risen dramatically over the past
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few years. While only around 500 electric cars were registered per month during
the first half of 2014, this has now risen to an average of almost 4,000 per month
during 2017 [50].
By the end of 2016, almost 37,000 plug-in cars had been registered over the course
of the year, the highest number ever for a complete year. The first 11 months of
2017 have already seen that figure surpassed, with the figure to the end of
November sitting at more than 42,700 units. As a percentage of new car
registrations, averaged over 2017, electric cars now represent around 1.8 per cent
of the total new car market in the UK.

Figure 18. Electric car registrations from 2015 to 2017 in the UK

As a result of sustained government and private investment, the UK network of EV
charging points has increased from a few hundred in 2011 to more than 4,300
charging locations, 6,700 charging devices and 12,500 connectors by May 2017.
The proportion of charger types has also changed dramatically during that time with
an increase in high power (rapid) units being installed across the UK.
There are three main EV charger types: 'slow' charging units (up to 3kW) which are
best suited for 6-8 hours overnight; 'fast' chargers (7-22kW) which can fully
recharge some models in 3-4 hours; and 'rapid' charging units (43-50kW) which are
able to provide an 80% charge in around 30 minutes. Rapid chargers also come in
two charge point types – AC and DC – depending on whether they use alternating
current or direct current.
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Figure 19. Graphic profile of the UK Charging points by charger speed. Period 2016-2017

5.1.2 Relevant institutions
Office of Gas and Electricity Markets (OFGEM)
OFGEM's role is to protect the interest of consumers by promoting competition
where appropriate. OFGEM issues companies with licences to carry out activities in
the electricity and gas sectors, sets the levels of return which the monopoly
networks companies can make, and decides on changes to market rules.
Gas and Electricity Market Authority (GEMA)
GEMA is the governing body of OFGEM, comprising non-executive and executive
members and a non-executive chair. GEMA’s purpose is to ensure that all consumers
can get good value and service from the energy market. In support of this, GEMA
favours market solutions where practical, incentive regulation for monopolies and
an approach that seeks to enable innovation and beneficial change whilst protecting
consumers. The Authority's powers and duties are largely provided for in statute
(such as the Gas Act 1986, the Electricity Act 1989, the Utilities Act 2000, the
Competition Act 1998, the Enterprise Act 2002 and the Energy Acts of 2004, 2008,
2010 and 2011) as well as ruling European Community legislation in respect of
energy regulation.
Department for Business, Energy & Industrial Strategy (BEIS)
The department brings together responsibilities for business, industrial strategy,
science, innovation, energy, and climate change. BEIS is responsible for:
o
o
o
o

developing and delivering a comprehensive industrial strategy and leading
the government’s relationship with business
ensuring that the country has secure energy supplies that are reliable,
affordable and clean
ensuring the UK remains at the leading edge of science, research and
innovation
tackling climate change
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National Grid – System Operator in Britain
As system operator (SO) in Britain, National Grid (NG) makes sure gas and
electricity are transported safely and efficiently from where it is produced to where
it is consumed. NG seeks to guarantee that supply and demand are balanced in
real-time and we facilitate the connection of assets to the transmission system
NG owns and operates the electricity transmission network in England and Wales,
with day-to-day responsibility for balancing supply and demand. They operate but
do not own the Scottish networks. NG networks comprise approximately 7,200
kilometres (Km) of overhead line, 1,500 km of underground cable and 342
substations. NG also owns and operate the gas National Transmission System (NTS)
in Great Britain, with day-to-day responsibility for balancing supply and demand.
Our network comprises approximately 7,660 km of high-pressure pipe and 618
above-ground installations.
5.1.3 Smart metering implementation
The Government is committed to ensuring that every home and small business in
the country is offered a smart meter by the end of 2020. The Smart Metering
Programme aims to roll-out over 50 million smart gas and electricity meters to all
domestic properties and smart or advanced meters to smaller non-domestic sites in
Great Britain - impacting approximately 30 million premises. Further information
about the Programme can be found on the Gov.uk website [51].
The Smart Metering Programme is being delivered in two phases. During the
Foundation Stage, which began in 2011, the Government engaged with the energy
industry, consumer groups and other stakeholders and put commercial and
regulatory frameworks in place to support smart metering, trial and test systems,
protect consumers and learn lessons from early installations. This is followed by the
main installation stage, which began in November 2016 and will run to the end of
2020. This is the period when most households and small businesses will have smart
meters installed by their energy supplier using the national smart meters data and
communication infrastructure.
2017 has seen significant progress across all aspects of the Smart Meter Rollout
Programme and there are now 8.61 million smart and advanced meters operating
across Britain.
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Figure 20. Quarterly domestic installation activity for large energy suppliers

5.1.4 Smart homes
According to the market intelligence company STATISTA, the revenue in the Smart
Home market amounts to £2,017m in 2018 [52]. Revenue is expected to show an
annual growth rate (CAGR 2018-2022) of 19.9%, resulting in a market volume of
£4,172m in 2022. Household penetration is at 19.7% in 2018 and is expected to hit
39.0% by 2022. The average revenue per installed Smart Home currently amounts
to £139.60.
There is some potential around unification of standards being driven by smart meter
deployment, e.g. the use of ZigBee and HAN profiles to allow live interaction with
smart meters, controls over assets and further integration with third party devices.
The department for Business, Energy and Industrial Strategy (BEIS) has launched
a consultation [53] on setting standards for smart appliances, based on the
principles of interoperability, data protection, grid- and cyber-security. The
government considers that smart appliances need to be regulated in order to
maximise the opportunities for consumers of demand-side response in homes and
businesses, while ensuring any risks associated with smart appliances are managed
effectively.
5.1.5 Relevant Projects
There are a number of other Horizon 2020 projects looking at improving DR
participation, novel commercial and deployment models, combined technologies
and transition to smart grids, trans-border projects looking to reduce barriers to
entry for DSR services in European markets.
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FLEXICIENCY project [54] : aims to demonstrate that the deployment of novel
services in the electricity retail markets, such as advanced monitoring, local energy
control and flexibility, can be accelerated thanks to an open European market place
for standardize interaction among electricity stakeholders within and across
borders. This will open up the energy market to new players at EU level. As a UK
based consortium partner, KiWi Power will demonstrate how access to services to
the market place can help DSR companies in UK reduce time to market and deploy
services in other European countries based on sound data and commercial context
analysis.
MOEEBIUS project [55]: introduces a Holistic Energy Performance Optimization
Framework that enhances current modelling approaches and delivers innovative
simulation tools which deeply grasp and describe real-life building operation
complexities in accurate simulation predictions that significantly reduce the
“performance gap” and enhance multi-fold, continuous optimization of building
energy performance as a means to further mitigate and reduce the identified
“performance gap” in real-time or through retrofitting. As a UK based consortium
partner KiWi Power will facilitate deployment of new tools in some real life pilots
allowing partners to assess the business and environmental KPIs of the new tools
and models.
NOVICE project [56]: The aim of the NOVICE project – over its 3-year duration –
is the development and demonstration of an innovative business model for Energy
Service Companies (ESCOs) that will provide energy savings to buildings and
demand response (DR) services to the grid after renovating buildings or blocks of
buildings. A dual revenue stream shall thus be enabled that can reduce payback
period for investments in buildings renovations and accelerate the much-needed
market uptake of the Energy Performance Contracting (EPC) based financing model.
Adopting that model, ESCOs and Aggregators could jointly and in a coordinated
manner tackle the energy efficiency, demand response and onsite generation
market.
Legislation and regulatory framework
5.2.1 Building code
The UK's Building regulations are statutory instruments that seek to ensure that the
policies set out in the relevant legislation are carried out. Building regulations
approval is required for most building work in the UK. Building regulations that apply
across England and Wales are set out in the Building Act 1984 while those that
apply across Scotland are set out in the Building (Scotland) Act 2003. The
particular section that covers energy efficiency in buildings is part L - Conservation
of fuel and power. This section includes a chapter dedicated to Energy Performance
Certificates (EPCs). There is a set of new requirements in part L which refers mostly
to new builds. Lighting, ventilation, solar heat gain and possible overheating will all
impact on the potential to hit the 25% reduction target but until now have not really
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troubled the industry. As U-values falls (see table) and airtightness levels increases,
heat loss through 'thermal bridges' becomes more significant. The new regulations
give these issues more emphasis. They also require designs to avoid unwanted solar
gains, leading to excessive summer temperatures. The need now exists to consider
these issues at the design stage.
The UK energy services market is a growing and competitive market with increasing
promise to become a leader in the European market. This has been largely due to
the government's dedication to support its development which has come as part of
the implementation of the UK Energy Efficiency Strategy. Financial facilities and
programmes such as Salix and public programmes, such as RE:FIT and CEF in the
public sector have contributed towards the positive environment within the market
[57]. Its large experience in project financing and more innovative spirit of
enterprises has also led to a flourishing ESCO industry.
The use of EPCs is at a rising trend in the UK with a number of successfully
completed EE projects in the public and private sector and more EPC projects
planned for the future. So far, EPC’s have been carried out across a wide range of
public buildings in different sectors including local authorities, the National Health
Service in England (NHS), schools, further education and universities [58]. It is
estimated that there have been around 100 new projects between 2014 and 2016
representing a major growth of the market. Projects are mostly contracted with
public buildings, schools, public hospitals, leisure facilities. So far the public sector
is leading in terms of realisation of EE projects through contracting and the use has
grown in recent years due to support by central and local governments.
A Model EPC has also been developed by the Greater London Authority RE:FIT EPC
programme. The RE:FIT model is designed to cover measures that allow public
bodies to reduce energy consumption, make substantial cost savings and/or provide
energy generation along with the necessary requirements to support such a
measure within an EPC [59]. The programme has so far had an excellent track
record of achieving guaranteed savings which is a core motivating factor of EPC
contracts.
Research Undertaken by the Building Research Establishment has estimated that
the UK’s ESCO market value is around £180 million with (Department of Energy and
Climate Change, 2015) finding the cost effective potential for investment in carbon
abatement in the entire UK public sector to be £1.66 billion. This shows the
significant economic benefits that could be realised from this market by making
energy efficiency a mainstream activity.
There are however a number of key barriers identified by JRC 2016 which impede
market growth, for instance: Lack of information, split incentives, undervaluing
energy efficiency and lack of capacity and skills to deliver EPC and to contract EPC
by clients.
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5.2.2 Demand Response
The United Kingdom was the first country to open several of its markets to consumer
participation in Europe. Unfortunately, in recent years it seems that the stakeholder
process between providers, BEIS, OFGEM and National grid has not been as effective
as would be expected in a mature market. As a result, the demand-side response
(DSR) market is not as functional as it could be due to various operational and
procedural requirements. This makes the market difficult to access and reduces the
potential number of demand-side MWs even as national generating capacity
continues to decline.
Almost all ancillary services programmes in Great Britain are open to Demand
response and aggregated load, even though the design is currently not optimal for
customer participation. There is also an issue with transparency as comprehensive
data regarding the share of demand response in the various balancing services
programmes is not available. Many services are procured not through open markets
but rather through bilateral contracts or through tenders in which the buyer,
National Grid, has a great degree of discretion. This lack of information make
participation very risky for new entrants.
The SO is however determined to reduce risk in the DSR market and is taking steps
towards achieving greater transparency. National grid launched a new stakeholderbacked initiative called Power Responsive, with the goal of stimulating participation
of flexible technologies in the electricity system. The Power responsive report
(Power Responsive, 2017) gives greater detail as to the various demand side
response participants engaged in the non-Balancing Mechanism (NBM). The report
shows that onsite generation constitutes the majority (about 67%) of demand side
flexibility technology which participates in DSR. This is followed by load response
(28%), Generation for export only (3%) and Energy storage (1%).
The relationship between the Balance Responsible Party (BRP) and aggregator in
the UK is not yet fully resolved. Due to this, aggregators are unable to access the
Balancing Mechanism or wholesale markets as it requires a bilateral agreement from
the BRP/retailer. On the other hand, aggregators can access balancing services and
the capacity mechanism as there is no prerequisite for an agreement between the
retailer and aggregator. This means that the retailer (rather than the aggregator)
is exposed to imbalance payments or costs resulting from customers actions [60].
In November 2016, OFGEM issued a call for evidence to inquire if a framework
allowing independent aggregators access to the balancing mechanism should be
initiated [61]. The results showed wide support for such a framework and a
willingness by OFGEM to institute the desired measures [62].
The Association for Decentralised Energy (ADE) has also developed a voluntary
industry led code of conduct for aggregators and suppliers. The proposal focuses on
five areas: sales and marketing; proposals and pre-contractual information;
contract; technical due diligence and site visit; and complaint. It will aim to be
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implemented in 2018 [63]. The Association for Decentralised Energy (ADE) also
undertook a self-reporting survey of aggregators and suppliers, to offer a more
comprehensive picture of demand-side flexibility (DSF) participation in different
markets (reserve, frequency response, capacity, wholesale and network cost
avoidance). This considered the assets delivering flexibility, the sectors participating
and the regional spread of activity across GB.
Defining DSF – breakdown by technology
DSR is where electricity demand is changed (increased, reduced or shifted) at a
particular moment in time, in response to an external signal (such as a change in
price, or a message). National Grid uses the wider term ‘DSF’ to include five
categories of flexible response:
1. DSR by load response – load shifting or temporary demand reduction or increase
(e.g. heating/cooling systems, business operations and appliances).
2. DSR by distributed generation (onsite) – standby, back up or other distributed
and dispatchable generation, including Combined Heat and Power (CHP) – with a
primary purpose to support a source of local demand.
3. DSR by storage (onsite) – use of energy storage assets (either offsetting demand
or exporting to the network) where the primary purpose of the asset is in the
support of a local source of demand.
4. Distributed generation (for export) – distributed and dispatchable generation,
including CHP – not aligned with a source of demand.
5. Storage (for export) – use of energy storage assets that only export to the
network and that are not aligned to an associated source of demand.
Where possible these categories have been used to classify the technology types
participating in individual services. However, due to the format of raw data, other
categorisations have been used, including Balancing Mechanism (BM) and nonBalancing Mechanism (NMB):
• Balancing Mechanism (BM) – the Balancing Mechanism is an additional tool for
balancing the system, in relation to commercial Balancing Services. Through the
BM, each power station makes a price ‘bid’ by which to reduce or increase the power
they offer. This BM category here represents larger players delivering services
through this route.
• Non-Balancing Mechanism (NBM) – refers to DSF providers or assets, who do not
– or currently cannot – participate in the BM, and includes the first 5 categories
above.
DSR Capacity Market Units (CMUs) can be classified as either ‘Proven’ if they have
passed a DSR test prior to prequalification for the CM auction, or ‘Unproven’ if they

68

D3.1. Regulatory, Market, Socio-economic and ethical
context analysis in the pilot sites and anticipated (shortand mid-term) evolutions
have not yet passed a DSR test. Capacity Market reporting does not recognise ‘DSF’
as a category [64].
A summary of all market services and the total capacity contracted in season 20162017 is presented below, data extracted from the SEDC report “Explicit Demand
Response in Europe: Mapping the markets” published in October 2017 [60].
While National Grid has engaged in streamlining the participation requirements for
balancing services and increasing transparency, DR still faces significant regulatory
and operational challenges which limit the viability of the UK market for Demand
Response providers.
The capacity mechanism, introduced at the end of 2014, did not place demand-side
resources on an equal footing with generation. In the first market only one demandside aggregator, of the approximately 15 in the market, secured a contract within
the new market in the first auction. The most recent auction performed better with
independent aggregators securing various MW of capacity and coal losing out.
However a combination of low clearing price and derating factors means that battery
storage finds it hard to compete with only 11% of projects securing capacity in the
T-4 auction [65] and storage making up less than 2% of the capacity procured via
the T1 auction [66].
The opportunity for Demand Response is in principle higher than ever. However,
due to poor policy development and design choices, that opportunity has not yet
been realised. And as pointed out in the Energyst research most of those who do
not provide DSR would be interested in doing so if the route to the market was
much clearer, the complexity was reduced and the rewards were more certain and
if it did not affect core business [67].
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Table 3. Balancing and ancillary service
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5.2.3 Data protection Law
As long as the UK forms part of the European Union, the current EU legislation of
the GDPR will be enforced in UK. The current UK legislation covering this topic is the
Data Protection Act 1998 [68]. It follows the EU Data Protection Directive 1995
protection, processing and movement of data. Individuals have legal rights to
control information about themselves. Section 1 defines "personal data" as any data
that can be used to identify a living individual. Anonymised or aggregated data is
less regulated by the Act, providing the anonymization or aggregation has not been
done in a reversible way. Individuals can be identified by various means including
their name and address, telephone number or email address. The Act applies only
to data which is held, or intended to be held, on computers ('equipment operating
automatically in response to instructions given for that purpose') or held in a
relevant filing system.
Schedule 1 lists eight "data protection principles".
1.
Personal data shall be processed fairly and lawfully and, in particular, shall
not be processed unless at least one of the conditions in Schedule 2 is met, and in
the case of sensitive personal data, at least one of the conditions in Schedule 3 is
also met.
2.
Personal data shall be obtained only for one or more specified and lawful
purposes and shall not be further processed in any manner incompatible with that
purpose or those purposes.
3.
Personal data shall be adequate, relevant and not excessive in relation to the
purpose or purposes for which they are processed.
4.

Personal data shall be accurate and, where necessary, kept up to date.

5.
Personal data processed for any purpose or purposes shall not be kept for
longer than is necessary for that purpose or those purposes.
6.
About the rights of individuals e.g. personal data shall be processed in
accordance with the rights of data subjects (individuals).
7.
Appropriate technical and organisational measures shall be taken against
unauthorised or unlawful processing of personal data and against accidental loss or
destruction of, or damage to, personal data.
8.
Personal data shall not be transferred to a country or territory outside the
European Economic Area unless that country or territory ensures an adequate level
of protection for the rights and freedoms of data subjects in relation to the
processing of personal data.
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Electricity Market
The electricity market in Great Britain is entirely privatized and liberalised, meaning
that there is full competition between private companies.
The electricity industry consists of three main parts:
•

Generation (making electricity)

•

Networks (transporting it from where it is generated to where it is used)

•

Supply (selling it to the end consumer)

A few energy companies operate across all three of these areas, while others
operate in only one or two.
There are estimated to be more than 50 active ESCOs in the UK market [57]. The
major players are generally subsidiaries of large international control equipment
companies, oil companies, and electricity utilities. The market has also seen the
emergence of SMEs into the energy services market. This includes many small
companies who offer more than one service and consider themselves to be ESCOs
(e.g. consulting plus finance). Of these companies about 22-25 companies provide
EPCs. It is estimated that there are between 20 and 25 companies that offer EPCs
in some form and 22 were participating in the public procurement frameworks.
While the ESCO market in the UK is dynamic and growing there are still considerable
steps that need to be taken for it to realise its full potential. The UK government
has been pro-active in implementing measures to spread awareness and encourage
investment in the sector. Further steps are necessary to reduce barriers to entry
and support the growth of the market.
Electricity is generated, transported, delivered and used continuously in real-time,
and supply must always match demand as electricity cannot be stored. Although
the generation, transportation, delivery and usage of electricity is continuous, for
the purposes of trading and settlement1 electricity is considered to be generated,
transported, delivered and used in half hour chunks called Settlement Periods.
For each half hour, those with demand for electricity and / or those with customers
with demand for electricity (e.g. Suppliers) will assess in advance what the demand
will be. They’ll then contract with Generator(s) for that volume of electricity.
Contracts can be struck up to the start of the Settlement Period which the contract
is for (this cut-off is known as the Submission Deadline and contracts can’t be struck
after this time). In the half hour itself, Generators are expected to generate and
deliver their contracted volume of electricity and Suppliers are expected to use their
contracted volume of electricity.
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Figure 21. Electricity market setup UK [69]

5.3.1 About Generation
There are many companies in the electricity generation sector, from large
multinationals operating a diverse generation portfolio to small, family-owned
businesses running a single site. Most electricity is generated ‘in bulk’ at large power
stations connected to the national transmission network. However, electricity can
also be generated in smaller scale power stations which are connected to the
regional distribution networks, some can even be at home. How many power
stations are built and of what type is up to companies to decide on the basis of
market signals and government policy on issues such as the environment.
The GB electricity system is undergoing a period of significant change as we
transition from a large-scale conventional fossil fuel dominated generation mix to
intermittent renewable generation. Over the past few years we have seen a marked
increase in output from wind and solar farms. Over 2015 and 2016, the share of
electricity generated from gas increased, while the share generated from coal
decreased. This was partly due to improved economics for gas-fired generators.
Limited aggregation of generating loads is allowed, so long as separately metered
units do not have a capacity of over 2MW. In addition, only generating units of the
same type can be aggregated.
In 2017, total electricity generated continued the gradual declining trend seen in
recent years, falling 1.0 per cent from 339 TWh in 2016 to 336 TWh. This was
largely due to warmer weather (the daily average temperature in 2017 was 0.3
degrees warmer than 2016), as well as improved energy efficiency measures.
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Figure 22. Electricity generated by fuel type [70]

Over the past five years the generation mix has shifted further away from fossil
fuels. Coal-fired generation fell 84 per cent compared to 2012, from 143 TWh to
22.6 TWh, its lowest level in this time series as coal plants closed or were converted
to high-range co-firing plants (85-100% biomass). Some of the drop in coal was
replaced by gas-fired generation, which increased from 100 TWh in 2012 to 143
TWh in 2016 as production costs favoured supply from gas. The increase in the
carbon price in April 2016 meant that the carbon price per GWh was lower for gas
than coal. Gas fired-generation fell back to 133 TWh in 2017 (-7.0 per cent
compared to 2016) with an increase in generation from renewable sources. Nuclear
generation fell by 1.9 per cent from 71.7 TWh to 70.3 TWh, the same as in 2015
[70].
5.3.2 About the Networks
There are two types of electricity network: transmission and distribution. The
Transmission System has large generation (such as nuclear, gas powered or coal
fired power stations) connected to it, and these generators deliver electricity directly
onto the Transmission System. Large industrial demand (such as steelworks and
refineries) can also be connected to the Transmission System, and take electricity
directly from the Transmission System.
The main purpose of the Transmission System is to deliver generation to the
distribution networks. The connection between the Transmission and Distribution
Systems is known as a ‘Grid Supply Point’ (GSP). For this reason, each Distribution
System is referred to as a GSP Group.
Smaller generation (such as combined heat and power, wind turbines, solar power)
is usually connected to the Distribution Network (rather than the Transmission
Network), mainly as a consequence of the low volume output (relative to larger
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conventional types of generation), and the location of such (small scale) generation.
This type of generation is referred to as Embedded Generation, as it is connected
to, and embedded within the Distribution Network.
As explained above, the Distribution Network delivers electricity to domestic
premises, small businesses and factories, i.e. mainly lower volume users. The
electricity distribution networks are regional grids that branch from the national
grids to deliver power to industrial, commercial and domestic users. The UK
distribution network operators' regions are shown on the map below, together with
those of independent distribution network operators who are Energy Networks
Association (ENA) members.

Figure 23. Distribution networks regions in UK and Ireland [71]

Although each Distribution Network is a separate geographical area, they are not
separate electrical systems. This means electricity can flow between areas, and
metering is placed at the boundaries of the areas so that these volumes can be
measured.
The British Transmission Network can also import and export electricity from and to
other countries through dedicated lines called Interconnectors. There are currently
four Interconnectors: France to Great Britain, Northern Ireland to Great Britain, the
Republic of Ireland to Great Britain and Holland to Great Britain.
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5.3.3 About Supply
Suppliers buy electricity from generators, traders and power exchanges in the
wholesale market and sell it on to end consumers. Any discrepancies between their
wholesale purchases and what their customers use are managed through the
balancing mechanism. Suppliers operate in a competitive market where customers
can choose which supplier provides them with electricity. There are six major
suppliers and a number of smaller (often niche) suppliers.

Figure 24. Wholesale and Retail electricity markets UK [72]

Generators sell generation to Suppliers who need the generation to meet the
demand of their customers. However, it is not only Generators and Suppliers who
can contract for and trade electricity. There is a type of participant referred to as a
Non Physical Trader that can also enter into contracts to buy and sell electricity.
A Non Physical Trader doesn’t have any generation to sell, or any customers’
demand to satisfy, and is therefore trading electricity for profit. The Non Physical
Trader will buy electricity from a Generator at a negotiated price, and will sell it on
to a Supplier, aiming for a higher price than it was paid for to make a profit. Most
Non Physical Traders try to sell exactly what they have bought; this is referred to
as not taking a physical position.
Suppliers and Generators also try to match their demand and generation,
respectively, to their contract levels so that they do not have a surplus or deficit of
electricity. This is one of the key objectives of the trading arrangements in
encouraging all participants to have contracts covering all of their generation and/or
demand.
Regarding the Wholesale Market, DR currently can only participate in the GB Dayahead and Intraday markets in the form of flexibility of retailers and a few very
large industrial customers that are already trading members. The markets are
closed to independent aggregators.
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Table 4. List of balancing market products, including volumes and load accessibility in the
wholesale market of Great Britain

The main product requirements to participate in DR in the wholesale market
described in the next table:

Table 5. Description of some main Product requirements in the balancing products
accessible to DR in the wholesale market of Great Britain

Regarding the Balancing and Ancillary services, National Grid introduced two
Contingency Balancing Reserve services: Supplemental Balancing Reserve (SBR),
which was only open to generation, and Demand Side Balancing Reserve (DSBR),
which was only open to demand-side resources. The intention was that the services
would be procured jointly, so that the supply- and demand-side resources could
compete [60].
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Table 6. List of balancing market products, including volumes and load accessibility in the
balancing market of Great Britain

The main product requirements to participate in DR in the balancing and ancillary
service market are described in the next table:
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Table 7. Description of some main Product requirements in the balancing products
accessible to DR in the balancing market of Great Britain

System Operation
The transmission system throughout Great Britain is operated by National Grid,
which is responsible for balancing the system and ensuring that supply of electricity
equals demand on a second-by-second basis. Electricity is a ‘just in time’ product,
which technology does not yet allow to be stored in large quantities.
As system operator (SO) in Britain, National Grid makes sure gas and electricity are
transported safely and efficiently from where it is produced to where it is consumed.
They make sure that supply and demand are balanced in real-time and facilitate the
connection of assets to the transmission system.
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Regulation
The electricity market in Great Britain is regulated by the Gas and Electricity Markets
Authority, operating through the Office of Gas and Electricity Markets (OFGEM).
OFGEM’s role is to protect the interest of consumers by promoting competition
where appropriate. OFGEM issues companies with licences to carry out activities in
the electricity sector, sets the levels of return which the monopoly networks
companies can make, and decides on changes to market rules.
ELEXON’s role
In March 2001, the Balancing and Settlement Code (BSC), was launched as part of
NETA (New Electricity Trading Arrangements). ELEXON administers the Code on
behalf of the UK electricity industry.
We provide and procure the services needed to implement the code and compare
how much electricity generators and suppliers say they will produce or consume
with actual volumes.
We work out a price for the difference and then transfer funds. This involves taking
1.25 million meter readings every day and handling £1.5 billion of our customers’
funds each year. Our independence and impartiality ensures that our customers
have the confidence that the BSC operates efficiently and accurately.
Social, cultural and ethical aspects
Fuel Poverty
Fuel poverty is a serious and complicated issue, which energy suppliers are helping
to tackle in a number of ways. In June 2013, the Department for Energy and
Climate Change (DECC) published 'A framework for future action’ which set out the
Government’s intention to adopt a new definition of fuel poverty for England.
This new definition states that a household is said to be in fuel poverty if:
• They have required fuel costs that are above average (the national median
level), and
• Were they to spend that amount they would be left with a residual income below
the official poverty line?
This also uses a fuel poverty gap - i.e. the difference between a household’s
'modelled' (average) bill and what their bill would need to be for them to no longer
be fuel poor.
In England, the adequate standard of warmth is defined as 21°C in the living room
and 18°C in other occupied rooms.
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Since 2001, the Government has had a legal duty to set out policies that will, as far
as possible, cut out fuel poverty. A variety of schemes and measures have been
introduced, but the number of households assessed to be in fuel poverty has not
fallen in line with the targets. Whilst tackling fuel poverty is a legal obligation of
Government, energy suppliers recognise their responsibilities, especially the elderly,
and those on key benefits.
With this in mind, suppliers have worked closely with social services, citizens’ advice
bureaux and charitable groups, such as Age UK and Macmillan, to consider the best
way to help vulnerable customers. Thousands of energy customers have been taken
out of fuel poverty through the efforts of energy suppliers working with social
welfare organisations.
Low Carbon Economy
The Committee on Climate Change is an independent advice to government on
building a low-carbon economy and preparing for the consequences of antrophic
climate change.
The CCC undertakes an annual assessment of whether the UK is on course to meet
its carbon budgets, and reports this progress to Parliament. The Committee also
reports on Scotland’s progress in reducing greenhouse gas emissions against its
annual carbon targets. This includes tracking the latest emissions data and
identifying underlying progress, as opposed to reporting on fluctuations related to
temporary factors (e.g. the weather).
UK emissions were 42% below 1990 levels in 2016 [73]. The first carbon budget
(2008-12) has been met and the UK is currently on track to outperform the second
(2013-17) and third (2018-22) carbon budgets, but is not on track to meet the
fourth, which covers the period 2023-27.
Meeting future carbon budgets and the UK’s 2050 target to reduce emissions by at
least 80% of 1990 levels will require reducing domestic emissions by at least 3%
per year. This will require existing progress to be supplemented by more challenging
measures.
Clean Growth Strategy
Clean Growth Strategy is an ambitious government plan for growing national income
while cutting greenhouse gas emissions. It was first presented to the UK Parliament
in September 2016 and was updated in April 2018.
In the context of the UK’s legal requirements under the Climate Change Act, the
UK’s approach to reducing emissions has 2 guiding objectives:
1. To meet our domestic commitments at the lowest possible net cost to UK
taxpayers, consumers and businesses; and,
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2. To maximise the social and economic benefits for the UK from this transition.
In order to meet these objectives, the UK will need to nurture low carbon
technologies, processes and systems that are as cheap as possible. To achieve this,
the UK government has identified areas that need to see the greatest progress both
through technological breakthroughs and large-scale deployment.
o
o
o
o
o
o
o

Accelerating clean growth
Improving business and industry efficiency – 25% of UK emissions
Improving the energy efficiency of our homes
Rolling out low carbon heating
Accelerating the shift to low carbon transport – 24% of UK emissions
Delivering Clean, Smart, Flexible Power – 21% of UK Emissions
Enhancing the benefits and value of our natural resources – 15% of UK
emissions.
SWOT analysis English context for HOLISDER uptake

• Open ancillary services
programmes to DR &
aggregated load
• Lack of information,
split incentives

• Access of aggregators to
balancing services and the
capacity mechanism

• Lack of capacity and
skills to deliver and
contract EPC

• Voluntary industry code
of conduct for aggregators
and suppliers.
•Participation of flexible
technologies in the
electricity system.
•Decentralize energy
market

• Poor transparency in
sharing DR data

STRENGTHS

WEAKNESSES

THREATS

OPPORTUNITI
ES

• Inadequate design
for customer
participation

• Strong EV market and
smart metering

• Implications of GDPR
• Willingness to participate
in HOLISDER DR markets
by the consumers

• Open for demand-side
flexibility participation
• HOLISDER installation
of additional sensors
(JACE product,
hardware gateway to
accommodate EF-i
platform, sub-meters)
•Transparency and
imrpovement of DR
schemes in UK
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6

Finnish context

The Finnish pilot site will comprise the three following diverse types of buildings,
namely:




The Lauri Korpisen katu 10 Residential Building
Kauppakeskus Willa
The Itälahdenkatu 22 A Office Building
Overview

Finland's population is 5.5 million (2016), and the majority of the population is
concentrated in the southern region. A central government based in the capital city
of Helsinki, local governments in 311 municipalities. The climate of Finland is
influenced most by latitude: Finland is located between 60 and 70 N. Because of
Finland's northern location, winter is the longest season. This means that southern
portions of the country are snow-covered about three to four months of the year
and the northern, about seven months. Finland belongs to Nordic countries that are
a geographical and cultural region in Northern Europe.
6.1.1 Energy Profile
According to Statistics Finland’s data, total energy consumption amounted to 371
TWh in 2016 [74]. Consumption of electricity amounted to 85.1 TWh, up by around
three per cent year-on-year. Domestic production of electricity excluding
transmission losses was 66.1 TWh, which is nearly as much as one year ago.
Electricity is produced in Finland in a versatile way with various different energy
sources and production methods. The most important energy sources for electricity
generation are nuclear power, hydropower, coal, natural gas and wood fuels. The
share of wind power is still fairly small, but it has clearly grown in the past few
years.
In Finland, there are approximately 120 energy companies producing electricity and
about 400 power plants, more than half of which are hydroelectric power plants.
Finland’s electricity generation is fairly distributed compared to many other
European countries. Our diverse and distributed structure of electricity generation
increases the security of electricity supply.
Almost one-third of electricity is produced as combined heat and power generation
in connection with heat production, in which case the energy content of the fuel is
utilised to its full potential. Up to 90% of the energy of the fuel can be converted
into electricity and heat.
The Energy Authority maintains the register of power plants in Finland. Power plants
at least one megavolt ampere [1 MVA] needs to be registered to Energy Authority.
Also new planned infrastructure to be commissioned, changes in production capacity
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and decommissioning of the power plants needs to be informed. Energy Authority
exploits the power plant register for example for evaluating peak load capacity
during winter periods in Finland. The power plant register is based on the Finnish
Acts 588/2013 and 65/2009. Energy Authority doesn’t verify the validity of the
information given by producers. The total capacity of listed plants is about
16500MW.
Net imports of electricity to Finland amounted to 19 TWh in 2016, which was more
than ever before. Compared to 2015, the growth was 16 per cent and its share of
electricity consumed in Finland was 22 per cent [74].

Figure 25. Net supplies of electricity by source 2017 in Finland [75]

Finland is one of the world leaders in the utilisation of renewable sources of energy,
especially bioenergy. The key target in promoting renewable energy is to reduce
greenhouse gas emissions and move away from the energy system that is based on
fossil fuels. The use of renewable energy also improves our energy self-sufficiency
and employment and supports the development of technologies in the sector.
In Finland renewable energy sources represent about 40 per cent of energy endconsumption. The aim set in the National Energy and Climate Strategy to 2030 is
to increase the use of renewable energy so that during the 2020s its share in energy
end-consumption rises to more than 50 per cent.
The most important forms of renewable energy used in Finland are bioenergy, fuels
from forest industry side streams and other wood-based fuels in particular,
hydropower, wind power and ground heat. Bioenergy is also generated from
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biodegradable waste and side streams of agriculture and industrial production and
from municipal waste. Solar electricity has a growing role especially where on-site
energy generation substitutes for energy bought from the grid. Solar heating is used
as a supplement to the main heating system.

Figure 26. The highest electricity consumption peak hour load balance in 2016
[76]

The new renewables, photovoltaics and wind, plays only a minor role during peak
consumption because there is neither sunshine nor wind available during cold winter
weather.
The Nordic countries, including Finland, deregulated their power markets in the
early 1990s and brought their individual markets together into a common Nordic
market. Estonia, Latvia and Lithuania deregulated their power markets, and joined
the Nord Pool market in 2010-2013 [77]. Nowadays that transmission capacity and
coupling is in place between the Nordic countries, the European continent and the
Baltics, the power market covers large parts of Europe.
Finland’s main grid is part of the synchronous inter-Nordic system, which includes
the transmission grids of Sweden, Norway and eastern Denmark, in addition to
Finland. The Nordic system is interconnected with other countries through several
direct current (DC) transmission connections. There are a number of DC connections
to western Denmark (Jutland) from Sweden, Norway and Eastern Denmark. DC
connections run from Sweden to Germany, Poland and Lithuania. There is a DC
connection from Norway to the Netherlands, and from Finland to Estonia and Russia.
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Finland’s main grid is connected to the Swedish grid via two 400 kV alternating
current (AC) connections in northern Finland. Finland also has a 220 kV AC
connection to Norway. In addition to the AC connections, DC links have also been
built: Fenno-Skan 1 from Rauma (550 MW) to Dannebo, Sweden, and Fenno-Skan
2 (800 MW) from Rauma to Finnböle, Sweden. There is a 100 MW DC connection
from Naantali to the Åland Islands; that connection is owned and operated by
Kraftnät Åland.
The Russian and Estonian grids do not have AC connections with the Nordic grid.
Finland and Estonia are connected by the DC links Estlink 1 (350 MW) and EstLink
2 (650 MW). There are three 400 kV transmission links from Finland to Vyborg,
Russia. Russia and Finland are also connected by 110 kV connections from Ivalo
and Imatra in Finland. These enable the connection of hydropower plants in Russia
to the Finnish grid.
There exist no remarkable electricity storages. However the hydropower in
electricity generation varies considerably according to the water supply situation at
any given time and can be considered as storage. Naturally, the share of domestic
hydropower in a good hydrological year is higher than average, but electricity is
also imported from the Nordic market, mainly from Sweden and Norway. There are
over 220 hydropower plants in Finland. And their capacity together is about
3100MW. On the Nordic level yearly generated electricity by hydropower varies
between 170 and 200TWh.
District heating is the most common heating form in Finland. With the country being
a forerunner of district heat production and as proportion to the population, Finland
is the largest producer of district heating in the Nordics. Heat is produced locally
close to the customers. Thus 166 municipalities have their own district heating
companies and networks. They have all together over 100 CPH plants, almost 800
fixed heat plants and 350 moveable heat plants.
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Figure 27. Electricity generation in Nordic market area [76]

District cooling networks are rather new business in Finland. District cooling means
the distribution of cooled water in pipes, produced in a centralised way, to several
buildings where it is utilised for the cooling of ventilation. Centralised production
enables greater unit sizes, which means that energy can be produced in a costeffective and eco-efficient way. Compared with building-specific cooling, district
cooling is also a more environmentally friendly choice. It is also a more
competitively priced, carefree and reliable source of cooling energy. Buildings using
district cooling gain a number of benefits: the air- and structure-borne noises and
vibration caused by cooling equipment are eliminated, the space for cooling
equipment becomes free for other use, condensing units spoiling the façade of the
building are no longer required, and the repair and maintenance of cooling
equipment are no longer necessary. District cooling is available in five cities at the
moment. The volume of district cooling is rapidly increasing.
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Figure 28. District cooling sales and customers in Finland [78]

6.1.2 Relevant institutions
ENERGIAVIRASTO. Energy Authority in the electricity market.
The electricity market is regulated by the Electricity Market Act and Government
Decrees based on the Electricity Market Act. The Energy Authority monitors
compliance with the electricity market legislation and promotes the operation of the
competitive electricity and natural gas markets.
FINGRID. The electricity power system in Finland consists of power plants, nationwide transmission grid, regional networks, distribution networks and electricity
consumers. The transmission grid managed by Fingrid Oyj encompasses
approximately 14,600 kilometres of transmission lines and nearly 120 substations.
About 77 per cent of all electricity transmitted in Finland is transmitted through this
grid. The power system in Finland is part of the inter-Nordic power system together
with the systems in Sweden, Norway and Eastern Denmark. Moreover, there are
direct current transmission links to Finland from Russia and Estonia for the
connection of their systems, which work under different principles, to the Finnish
power system.
MOTIVA. Motiva is fully state-owned company that provides the public sector,
businesses, municipalities and consumers with information, solutions and services
that allow them to make resource-efficient, effective and sustainable choices.
ENERGIATEOLLIOSUUS. Finnish Energy is a branch organisation for the industrial
and labour market policy of the energy sector. It represents companies that
produce, procure, distribute and sell electricity, district heat and district cooling and
related services.
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MUNICIPALITIES AND LOCAL DISTRICT HEATING COMPANIES. As an
example Helen Ltd. is owned by Helsinki city and it provides district heating and
district cooling inside its area and electricity to the customers nationwide.
ELECTRICITY NETWORK OPERATORS. Electricity network operators distribute
electricity to customers and ensures that the electricity grid is functioning at all
times and under all circumstances. These companies have a regional monopoly.
The list of licensed electricity network operators is available on the Energy
Authority’s web page http://www.energiavirasto.fi/sahkoverkon-haltijat.
NORD POOL. Nord Pool Nord Pool is a joint-stock company, jointly owned Finland,
Sweden, Norway, Denmark, Estonia and Lithuania. Nord pool operates the
electricity whole sale market.
6.1.3 Smart metering implementation
Finland is the very first country, where every consumers’ electricity consumption is
hourly based remote monitored. Remote monitoring means that energy meter is
connected with centralized monitoring system via Internet or electricity grid.
Consumption figures are real time available for all stakeholders. The system enables
to follow more accurately other indicators as well such as problems in electricity
distribution, quality of voltage.
The most noticeable change to the consumer is that smart metering enables
accurate invoicing instead of seasonal estimates. In addition, the metering enables
more flexible invoicing based on hourly and seasonal tariffs as well as making the
most of variations in wholesale prices.
Hourly based monitoring and smart metering enables load balancing. Thus,
consumption can be focused on the periods when it is best for the grid and system.
And so peak loads can be cut and electricity generation is more environmentally
friendly. Moreover, smart metering makes visits to the site useless.
6.1.4 Smart homes
Smart homes have been hot topic the last ten years in Finland. However,
breakthrough is still pending. The only system that has penetrated into the market
is smart metering system described in 6.1.3. The other systems and appliances
have been tested in several pilot projects and pilot cases. Such a pilot is a tenement
house in Helsinki completed 2017 that have a keyless locking system based on NFC
tag and later on mobile devices as well.
Lots of new residential blocks of flats are connected with building automation
system, but the level of implementation varies a lot. At minimum level total energy
consumption and domestic water consumption are monitored. In more advanced
cases room temperature and technical systems are controlled in detailed level.
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However inhabitants are not able to connect their own devices with the existing
building automation system. Furthermore, there is no reliable statistic available.
There are numerous intelligent consumer devices on the market, such as lighting
solutions. However, they are not integrated as part of smart home solutions but
they work as standalone solutions without holistic integration. There is no statistical
information available of those devices.
The main technical barrios have been missing standards and interoperability, short
lifecycle of devices and missing privacy. Furthermore, the benefits of smart home
have been unclear for inhabitants. Other matters that slow down smart home
breakthrough are relative to high price of smart home devices as well as rather long
periods between main renovations.
6.1.5 Relevant Projects
The national funding organization Business Finland has established three programs
that are related with energy efficiency in buildings. Each program includes multiple
R&D&I projects.
THE SMART ENERGY program develops testing platforms and innovation
ecosystems. The platforms offer the opportunity to test, pilot and also implement
research and development of projects in the target areas of the program. These
include smart networks, renewable energy, energy efficiency, sustainable and smart
energy solutions and systems, their related products and services as well as
resource-wise solutions based on user needs. Rather than developing a single
technology, it is preferable to develop ecosystems and technology integration into
a smart system.
5THGEAR: The 5thGear national program funds projects that aim to solve
challenges related to the next generation wireless data communication. 5thGear
program offers funding for development of adapting energy-efficient solutions and
solving challenges of next generation 5G wireless data communications.
INDUSTRIAL INTERNET: The Industrial Internet, or Industrial Internet of Things
(IIoT), means a combining of intelligent and embedded technology, data analytics,
and labour inputs for increased efficiency in business. It enables completely new
business models and competitive services. The national program aims at supporting
Finnish companies in business development and innovation as well as in achieving
a global forerunner status in developing and utilizing IIoT solutions.
Legislation and regulatory framework
6.2.1 Building code
Finnish building code includes seven main parts. The energy efficiency part is
currently under reformation and the next version is expected to be completed in
2018. The main parts are:
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Part
Part
Part
Part
Part
Part
Part

A, generic articles
B, articles related with structures and instructions of dimensioning
C, Insulations
D, HVAC and energy efficiency
E, Fire safety
F, General design principles
G, Residential buildings

The most relevant with HOLISDER project are Part D2, Indoor climate and
ventilation, instructions and guidelines and Part D3, Energy economy, instructions
and guidelines.
D2, Indoor climate and ventilation, instructions and guidelines the main content and
barriers http://www.finlex.fi/data/normit/37187/D2-2012_Suomi.pdf. The basic
rule is that during the all conventional operating situations safety, healthy and
comfortable indoor climate must be met. D2 sets boundaries to ventilation and limits
to indoor climate. The main related regulations:









Reference temperature. The temperature varies according to space type,
to the season (heating periods/summer).
Tolerances to the reference temperature
D2 calls for energy efficiency into play.
D2 allows deviating from reference temperatures when a building is not
occupied.
D2 call for comfortable radiation, heat temperatures and no draught during
occupancy.
D2 sets limits to CO2, NOx, particles and for other harmful and/or
dangerous materials.
D2 set boundaries to humidity
D2 set boundaries to fresh air and air flow and exceptions

D3 Energy efficiency in buildings http://www.finlex.fi/data/normit/37188/D32012_Suomi.pdf, the main content and barriers. D3 is relevant for all new major
buildings that use energy for heating and/or cooling. Currently the new version of
D3 is under preparation








D3 requires that purchase energy use in the building must be calculated
according to D3’s source information,
D3 requires that building’s total energy consumption (E-luku) must be
calculated. Upper limit to the total energy consumption is defined. The limit
depends on building type.
D3 sets the limit to summer time indoor temperature. If needed cooling
must be included into total energy consumption.
D3 set the limit to airtightness of the building’s façade.
D3 defines isolation values (U values) and how het losses can be defined.
D3 sets the limits to air handling unit’s energy efficiency.
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D3 defines how to dimension heating power.
D3 defines how to calculate energy needed for hot domestic water
D3 splits Finland into four different climate regions and represents
corresponding (weather) data.

The Act 1048/2017 that defines content of Building energy certificate.
The Act 788/2017 the values of energy factor coefficients used in buildings that
defines the following coefficients:






electricity 1.20
district heating 0.50
district cooling 0.28
fossil fuels 1.00
renewable fuels 0.50

Beyond Building code there are other HOLISDER relevant regulations in Finland.
Probably the most important is the Act 588/2013 sähkömarkkinalaki (Electricity
market Law) https://www.finlex.fi/fi/laki/alkup/2013/20130588. According to the
article 13, power distribution network operator has a monopoly. No other players
are allowed to transfer electricity in the electricity grid. The exception is properties
that are physically connected and that have the very same owner. This causes a
practical market barrier because electricity transfer fare is high compared with
electricity price in Finland.
Another batch or relevant rules are regulations from Energy Authority.
The Act 1097/002/2013 that regulates electricity trade and how to break down
electricity invoices. Obliges electricity retailors and Electrical power networks
operators.
The Act 122/002/2014 that defines how electricity retailors have to inform Energy
Authorities about theirs contract terms and prices.
The Act 1185/002/2013 that defines how electricity retailors have to inform Energy
Authorities about key performance indicators, KPI’s, and publish them.
The Act 1129/2003. The Act on Notification and Verification of the Origin of
Electricity obliges electricity vendors to disclose information on the origin of
electricity they have acquired and sold by electricity user in Finland. The minimum
level of information is regarding fossil fuels and peat, renewable energy sources,
and nuclear power.
The Act 1396/2010 on Production Subsidy for Electricity Produced from Renewable
Energy Sources lays down provisions on a feed-in tariff system for which power
plants fuelled with wind, biogas, forest chips and wood-based fuels meeting the
prescribed preconditions could be approved. In the feed-in tariff system, an
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electricity producer whose power plant is approved in the system will receive a
production subsidy (feed-in tariff) for a maximum of twelve years. The subsidy
varies on the basis of a three-month electricity market price or the market price of
emission allowances. The Energy Authority approves power plants for the feed-in
tariff system, pays the feed-in tariff upon application and manages other official
tasks in the feed-in tariff system.
Energy and investment aid
Based on its assessment the Ministry of Economic Affairs and Employment can grant
aid for innovative energy projects. Energy aid is granted for investments and energy
audits. So called aid for key energy projects is granted for investments on renewable
energy and new energy technology.
Energy aid can be granted to investment and investigation projects that promote
the production or use of renewable energy, promote energy savings or increase the
efficiency of energy generation or use, or otherwise promote the transition towards
a low-carbon energy system.
Investments in renewable energy use that are eligible for support small-scale
electricity and heat production projects, projects producing biofuels in transport,
and demonstration projects for new technology.
Investments in energy savings and energy efficiency that are eligible for support
projects involving conventional technology that have signed an energy performance
contract, demonstration projects for new technology, and ESCO projects.
Investigations on energy savings, more efficient energy use and the use of
renewable energy that are eligible for support energy audits and energy analyses.
Projects eligible for support do not include conventional studies and investigations
on the establishment, expansion, profitability, development, planning, marketing or
testing of business activities. As a rule, energy aid will not be granted to projects
that fall under the Emissions Trading Act 311/2011.
Energy aid is available to companies, municipalities and other organisations and can
be granted if:



the project or the new technology included in the project would not be
implemented without the aid; and
before the decision on granting the aid is made:
o the investment project has not made any binding investment decision,
data terminal acquisition or decision to commence construction work or
any other agreement that would make it impossible to withdraw from the
project without substantial economic loss;
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o

the investigation project has not made any binding acquisition or any
other agreement that would make it impossible to withdraw from the
project without substantial economic loss.

Under the Programme of current Government, the use of renewable energy will be
increased in a sustainable way so that its share will rise to more than 50 per cent
and the self-sufficiency to more than 55 per cent during the 2020s. The Government
Programme also has set goals that the share of renewable transport fuels will be
raised to 40 per cent by 2030, that Finland will stop using coal in energy production
and halve the use of imported oil for domestic needs during the 2020s.
The Government has decided to allocate a total of EUR 100 million for renewable
energy and new technology investments for 2016-2018. The decisions on the
appropriation of EUR 20 million included in the 2016 state budget were made at the
start of year 2016 with the applicants’ consent on the basis of the aid applications
initiated under the Government Decree on General Terms of Granting Energy
Support (1063/2012). The aid granted on the basis of the appropriation that will be
included in the 2017 and 2018 state budgets (totalling EUR 80 million) will be in
accordance with the Government Decree on General Terms of Granting Investment
Aid for Renewable Energy and New Energy Technology (145/2016).
6.2.2 Demand Response
The production structure of electricity is in the face of historic change. As part of
the fight against climate change, renewable energy-generating electricity generates
a share of total production. In particular, solar and wind power is characterized by
the temporal variation in production volumes. Production cannot be timed as needed
for high consumption moments, but electricity is available when it winds or the sun
shines.
In the electricity market, it has been commonly known that electricity generation
has adapted to changes in electricity consumption that is heavily varied in time.
However, the current trend is that, as the proportion of traditionally decreasing
production capacity decreases, the flexibility of the electrical system also decreases.
Variation in the availability of electricity is directly reflected in the price of electricity,
which increases and increases price fluctuations. From time to time, lot of electricity
will become available at low price, and other times scarce and more expensive. In
the future, electricity consumption has to adapt to fluctuations in electricity
generation.
This is called the demand response for electricity. In Finland, electric heating
systems are used to control in the way that their electricity consumption is
scheduled during favourable time. For example, with the help of automation the
consumption is switched on at night time. Intelligent metering and new products
change this traditional demand trend to more accurate level.
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Active market participation of demand and aggregation are possible, but limitations
still exist. The contractual relationship between aggregators and BRPs remains an
important barrier. Moreover aggregating loads under different BRPs’ area is not
allowed, even if the aggregator is able to provide BRPs the adequate information to
mitigate their balancing risks. Today, aggregators operate in the frequency control,
in the tertiary reserve and in the spot market, while only pilot projects are underway
in the secondary reserve and in the frequency normal reserve. The large minimum
bid size for some products limit the full potential of Demand Response. The
payments are quite attractive for the ancillary products, but with some penalisation
compared to the generation ones. The TSO Fingrid has also contracts with the
largest industrial consumers to provide emergency reserves.
All products are legally open to Demand Response, with some limitations. However,
only pilot projects are underway in the Primary Reserve normal (FCR-N), and
Secondary Reserve (FRR-A). The following table presents an overview of the
different programmes and their respective sizes, where public data are available.

Table 8. Ancillary Services Markets open to aggregated demand

Finland has focused on enabling implicit Demand Response through smart meter
rollout and dynamic tariffs. These tariffs enable consumers to lower their energy
bills in the short to medium term. First, the customers, by accepting volatility in
prices, no longer pay the retailer’s risk premium, which lowers retail energy prices
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when averaged over an extended period of time (even without any consumer
reaction to price).
Consumers also have the opportunity to adapt their energy consumption over time
to choose cheaper periods. That said, the programs are not always directed toward
providing consumer feedback or encouraging demand-side flexibility, which would
require communication technology and/or some form of home/business automation.
These automation offerings are currently being developed and deployed in limited
areas, such as the Helsinki region. Dong Energy, Vattenfall and Fortum have
conducted pilots but are finding it difficult to create a viable business model- on
average prices are low and the upfront cost of the programs are relatively high.
That said, as balancing costs rise over the next 5 years, with the introduction of
further inflexible generation, this situation may change [79].
6.2.3 Data protection Law
The data protection domain of Finland is being renewed. On Data Protection
Ombudsman’s web site [80], gives the following guidelines on the Privacy Policy.






The new data protection regulation includes, among other things, a risk-based
approach and the duty of the controller to point out. The controller's
responsibilities will increase as the higher the risks involved in processing
personal data. The registrar must also be able to demonstrate that it complies
with the Privacy Policy. Processing of personal data must be planned and
documented.
The controller shall ensure that the data protection principles defined in the Data
Protection Regulations are followed in all stages of the processing of personal
data.
According to the privacy policy, personal information must
o be treated legally, properly and transparently from a registered point of
view
o be handled confidentially and safely
o be collected and processed for a specific, explicit and legitimate purpose
only
o collect only the amount needed for the purpose of processing personal
data
o be always updated whenever necessary - inaccurate and incorrect
personal data must be deleted or corrected without delay
o be kept in a form where the data subject can only be identified as long as
it is necessary for the purpose of processing the data.
Electricity Market

Finland has open electricity market. The customers’ needs determine how much
electricity is procured: produced or imported – and at what price. The price of
electric energy is determined in the wholesale market, and the retail market
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operates between the electricity suppliers and customers. All electricity customers,
such as households and businesses, can buy their electricity from an electricity
supplier of their choice. The market has been open for over 20 years.
The largest electricity users have for long produced their electricity partly
themselves or purchased it from the electricity wholesale market. Smaller
customers can also act in the same way if they so wish. For example, households
can buy their electricity directly according to the price determined in the wholesale
market or produce part of their own electricity with their own equipment.
The common electricity market and electricity network are also useful for those who
produce part of their electricity themselves as they can be used for constantly
balancing the demand and supply of electricity in Finland.
6.3.1 Retail market
Retailers are allowed to become aggregators or they may outsource this service.
The role of the independent aggregator is not defined within Nordic regulation. In
order to be an independent third-party aggregator, the company should register as
a BRP. In Finland, to obtain this status, the fee is a reasonable € 200/monthly, but
a bank deposit of minimum € 200.000 is required in case of bankruptcy.
The third-party aggregators have been able to protect the retailers from financial
losses on lost energy sales, through efficient and timely communication. However,
the bilateral agreement requirement severely limits the ability of the consumers to
choose service providers, since it gives the possibility to the retailers/BRPs to decide
with whom and under which conditions they are allowed to engage with an
aggregator.
Therefore, aggregation is done so as a means of protecting/maintaining the current
market structure and does not focus on enabling consumer access to service
providers or Demand Response. Regulators assume that retailers will provide these
services, when in fact there are significant business model issues in place for
retailers which hamper their ability to create a positive business case. This
consistently causes entry barriers, as retailers may not have the same incentives as
consumers/aggregators for market entry.
There are approximately 75 electricity retailers in Finland. The electricity market
also allows electricity consumers to practice small-scale electricity production and
sell the energy on the market. Thus, households are becoming active players in the
electricity market.
Consumer can buy electricity from any retailor in Finland. However powerdistribution network operator cannot be chosen. The distribution network operator
has a regional monopoly. Retail prices can be compared in Energy Authority’s web
portal:
http://www.energiavirasto.fi/en/web/energy-authority/shopping-around-
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for-best-electricity-price. Basically energy price consist of three elements that are
electricity price, electricity transmission services and taxes.
Electricity consumer price varies based on chosen contract terms. Typically total
price is between 80 and 150 €/MWh. Magnitude of electricity consumer price
components are shown in the figure below.

Figure 29. Example electricity total price structure based on 2017 data [81].

Consumers make a contract with electricity retailors. The contract defines electricity
price or pricing principles as well as other terms.
Lately the contracts that follow electricity price hourly basis have increased their
popularity. Those contracts make the most of demand response control.
6.3.2 Wholesale market
The Nordic countries deregulated their power markets in the early 1990s and
brought their individual markets together into a common Nordic market. Estonia,
Latvia and Lithuania deregulated their power markets, and joined the Nord Pool
market in 2010-2013.
The term ‘deregulation’ means that the state is no longer running the power market,
and instead that free competition is introduced. Deregulation was undertaken to
create a more efficient market, with exchange of power between countries and
increased security of supply. Available power capacity can be used more efficiently
in a large region compared to a small one, and integrated markets enhance
productivity and improve efficiency.
Now that transmission capacity and coupling is in place between the Nordic
countries, the European continent and the Baltics, the power market covers large
parts of Europe. This means that power from many different sources– hydro,
thermal, nuclear, wind and solar – enters the grid. This ensures a more ‘liquid’
market, where large volumes are traded daily, and a more secure power supply.
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Nord Pool, Europe’s leading power market, delivers both day-ahead and intraday
trading, clearing and settlement to customers, regardless of size or location.
Working closely with 380 individual companies across the continent, Nord Pool is
uniquely placed to deliver the benefits of pan-European power trading. Nord Pool
operates markets in the Nordic and Baltic regions, Germany and UK, and is a
Nominated Electricity Market Operator (NEMO) in 15 European countries, while also
servicing power markets in Poland, Croatia and Bulgaria.
Nord Pool day-ahead trading platform is customised to meet individual market
characteristics and offers; single hourly blocks, block orders, minimum acceptance
ratio, linking, flexi orders and exclusive orders. The day-ahead markets are open
every day of the year, including bank and public holidays. Trade and access all Nord
Pool day-ahead markets by using our Day Ahead Web platform, the connected API
or EDI-files.
Nord Pool offers continuous intraday trading of power products with physical
delivery in the Nordic and Baltic regions, Germany and the UK. Prices are set based
on a pay-as-bid basis for all transactions. In contrast to the common market clearing
price in the day-ahead auction the prices in the intraday market for the same
product may vary during the trading period. Acting as a balancing market to support
the day-ahead market, Nord Pool intraday provides members with a place to further
refine physical positions before final balancing measures are taken by the TSOs.
Nord Pool’s intraday markets are open 24/7, 365 days a year offering 15 minute,
30 minute, hourly and block products providing the flexibility needed to meet the
needs of the different market areas.

Table 9. Nord Pool Wholesale market [60]

All trades that are entered into Nord Pool’s physical markets are automatically and
mandatorily subject to clearing, where Nord Pool acts as the central counterparty
for all trades and the following financial settlement transactions. Nord Pool offers
an efficient in-house clearing solution to all members, with a new web-based
clearing and settlement system (CASS), giving Nord Pool members access to all the
data and information they require. All trades are settled daily in the same currency
as trading has been carried out in and statements are made available in the Clearing
and Settlement interface.
Being an electricity exchange, Nord Pool is obliged to monitor trading activity with
the aim to detect possible breaches with the prohibition against market
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manipulation and insider trading. Any suspicious activity will be reported to the
relevant National Regulatory Agency(s) (NRA). These obligations are in place to
promote a fair and efficient market in the interest of all market participants. The
market monitoring team has been in place since 2001, and has a long experience
monitoring the market and advising members. To ensure that Nord Pool and the
NRAs have a common understanding of REMIT, and that members are treated
equally regardless of which country they operate in, the market monitoring team
has a close cooperation with the NRAs.

Figure 30. The market area of Nord Pool [77]

Basically the whole sale market gives a common international, electricity price level.
Because of characteristic of the electricity, the supply has to meet demand. The
transfer capacity is the bottle neck. Thus due to transfer capacity limitations
electricity price varies regionally.
Transfer capacity inside Finland is fairly good. Thus Finland is one region on the
electricity wholesale market. Sweden instead is split into four regions and Denmark
into two regions.
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Due to market fluctuations some players such as electricity suppliers, retail sellers
and major customers, are involved in derivative market. Derivative market enables
new type of market roles like electricity retail seller do not have to have own
electricity generation at all.

Table 10. Description of some main Product requirements concerning balancing products
accessible to DR in Finland [60]

FCR-D only provides availability payments while FCR-N provides both availability
payment and utilisation payment based on net energy. There is also small scale DSR
commercial participation in the FCR-N and large scale participation in the FCR-D. In
mFRR, the balancing power market provides only utilisation payment (‘marginal
pricing’) while there are capacity payments in the strategic reserves market (‘payas-bid’).
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Table 11. Overview of availability and utilisation payments in the balancing market in
Finland [60]

6.3.3 Roles
Electricity supplier
The electricity market was released on 1995 in Finland. Electricity production and
sales are their own competitive businesses and are differentiated.
However, electricity generation markets do not operate fully on the market, but are
regulated and supported by legislation and authorities. More and more stringent
regulation and related uncertainty have in practice led to a situation where normal
market-oriented investments that are reasonably well-meaning have not been
dared to take place at the pace required of the replacement of old-fashioned
production facilities.
In the electricity market, a production plant and investments in energy-intensive
industries are often very capital-intensive, long-term investments over the decades.
The functioning of the market, the legislation, the long-term and predictable rules
of the game play a key role in investing in designing commercially.
Small-scale and micro-scale electricity suppliers
The small-scale production differs from large-scale production of tax treatment and
operating aid. However those regulations are focused on short term and political
decisions may change rapidly.
The small-scale electricity generation is defined as below 2 MVA electricity
generation and micro-scale production usually below 100 kVA generation. However,
micro-scale definition is not clear and it varies depending on source.
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No permission to start electricity generation is needed. However, the production has
to meet the following requirements:





The used equipment has to meet existing electricity, safety and compatibility
standards
Electrical installations have to meet local laws and standards
Before connecting the generator to electricity network, there must be contract
between small-scale supplier and local electrical power networks operator.
Construction of production premises must meet the building code and local
construction permit.

Small-scale supplier cannot pass over the electrical power networks operator’s
monopoly while providing electricity to outside of his facilities.
Electricity retailer
The retail sale of electricity means the sale of electricity to small customers.
Electricity retailers supply electricity that they can produce, acquire, buy or buy
through bilateral agreements, consumers who have the right to acquire their
electricity from a wholesaler
Getting started with electricity retail sales in Finland is easy. For example, a
company engaged in a sales activity in Finland is not required to be licensed.
The obligations of the electricity retail and the electricity supply are defined in the
Electricity Market Act and regulations issued under it. In addition, the company must
meet the requirements of other legislation for the pursuit of the business in Finland.
In order to be an electricity retailer, the company must acquire the party code.
Furthermore it must take care of Imbalance settlement. The company must also
have arranged its electricity supply in some way before the start of the sales activity.
To operate in the electricity market requires that the retail company is able to
participate in the information exchange on electricity.
In addition, electricity vendors are obliged, under the Electricity Market Act, to notify
the Energy Authorities’ price comparison service of the prices and contract terms
that they generally offer to consumers or other small customers.
Electrical power networks operators
Electrical power network operations are a natural monopoly where the construction
of competing electrical power networks is not feasible in regard to the national
economy. In electricity market legislation, electrical power network operations have
been regulated as operations subject to a permit from the Energy Authority.
The Finnish electricity grid consists of a nationwide 110-400 kV grid network,
separate 110 kV regional grids, and local power companies with 0.4-70 kV
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distribution networks. Based on type of network the network operators can be
divided into three groups (high voltage, medium voltage and distribution networks).
A license granted by the national Energy Authority is required for electricity network
operations. There are obligation for network operators to maintain and develop the
network, the obligation to connect electricity and production sites and the obligation
to transmit electricity. The network operators are responsible for the condition of
the electricity grid and the quality of electricity supplied to the customers.
A geographic area is associated with distribution license. The network operator has
the exclusive right to build a distribution network within the defined area. The
location of the customer in the network operator's responsibility shall not affect the
transfer prices. The transfer price must also not affect whom the electricity retailer
purchases his electricity from.
Different electricity network operators have different prices for electricity
transmission services. However customers cannot compete with different network
operators. The determination of the transfer fee is influenced, inter alia, by the
amount electricity transmitted, capacity required and the voltage level.
The list of licensed electricity network operators is available on the Energy
Authority’s web page http://www.energiavirasto.fi/sahkoverkon-haltijat.
Energy Authority in the electricity market
The electricity market is regulated by the Electricity Market Act and Government
Decrees based on the Electricity Market Act. The Energy Authority monitors
compliance with the electricity market legislation and promotes the operation of the
competitive electricity and natural gas markets.
In addition to granting network permits, the task of the Energy Authority is to
monitor compliance by system operators with the obligations specified for them.
The Energy Authority is responsible for the implementation and administration of
systems promoting the production and use of renewable energy. The largest task
unit handles is the enforcement and monitoring of tasks set out in the Act on the
Promotion of Electricity from Renewable Sources. Another task is the
implementation and monitoring of the legislation on bio-fuels and bio-liquids. It is
also part of the Energy Authority's remit to make sure that guarantees of origin for
electricity sales and marketing are the only applicable way to verify the origin of
electricity produced from renewable sources of energy, and to calculate the residual
mix of electricity whose origin has not been verified.
Stakeholders in electricity sector must be registered in the REMIT- register that is
maintained by Energy Authority.
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Social, cultural and ethical aspects
Finland’s energy and climate strategy
Finland’s long-term goal is a carbon-neutral society. Approximately 80 per cent of
greenhouse gases causing global warming result from the production and
consumption of energy, including transport. Thus, energy and climate policies are
closely connected. Energy policy also covers other matters that are not directly
included in climate policy, such as the security of energy supply, the functioning of
the energy market and the promotion of renewable energy sources and energy
efficiency. It has become an established practice that each government draws up
an energy and climate strategy.
In addition to the strategies, the Parliamentary Committee on Energy and Climate
Issues published in 2014 a report called “Energy and Climate Roadmap 2050” and
the public servants of the Ministry drafted a report on energy policy options in 2015.
Climate and energy strategies are supported with background reports that do not
contain policy guidelines. Moreover, calculations concerning different scenarios
projecting Finland’s energy- and emissions-related development paths are also
updated in the process, and the impacts of the strategy are evaluated.
The preparation of the new energy and climate strategy will take into account and
coordinate the Government Programme’s energy and climate policies, the long- and
medium-term climate change policy plans referred to in the Climate Change Act,
and the EU’s energy and climate targets for 2030. The strategy is updated in every
two or three years.
Smart Grids
The Finnish power system is facing significant changes. Increased use of renewable
energy and weather-dependent variable production changes the operating logic of
the power system and the electricity market.
Electricity consumption and production need to be balanced second by second.
Currently, electricity generation is mostly regulated to meet consumption, but, as
the amount of variable generation increases, consumption also needs to be
regulated more and more in order to maintain equilibrium. This whole complex,
comprised of various distributed resources, cannot be managed without automation
and more effective information exchange between the different parties. A smart
electricity system, also referred to as a smart grid, serves as a platform through
which variable production and consumption can be matched in a cost-effective
manner.
The Ministry of Economic Affairs and Employment established in September 2016 a
working group to explore the potential of smart grids for the electricity market. Its
goal was to explore and propose concrete measures through which smart grids can
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facilitate the ability of customers to actively participate in the electricity market and
generally promote the maintenance of security of supply. The broad working group
contained representatives from electricity suppliers, distributors and consumers as
well as government authorities and research institutions. The working group will
submit its final report by 30 September 2018. In addition, it also produced by 2
October 2017 an interim report which detailed how the work is progressing and lay
out the themes to be examined in the final report.
Reserve stocks and preparedness planning secure energy supply
In Finland, the security of energy supply is based on the country’s decentralised,
diversified and efficient energy production. Stocks of imported fuels and contingency
and preparedness plans ensure the transfer, distribution and transport of energy in
the event of disruptions.
In addition to meeting national needs, state reserve stocks are managed by the
National Emergency Supply Agency and are maintained to fulfil Finland’s obligations
under international agreements. The stocks include, for example, coal, crude oil and
petroleum products. The National Emergency Supply Agency works with permanent
collaboration committees representing operators in the field. These bodies are called
sectors and pools. The Energy Supply Sector is responsible for preparedness
planning concerning emergencies and major disruptions. The task of the Power
Supply Pool, operating under the Energy Supply Sector, is to ensure preparedness
to secure the supply of electricity and district heating in emergency conditions.
The Oil Pool is responsible for company-specific preparedness planning concerning
oil and natural gas and for maintaining emergency response arrangements for
petroleum product transports. The Power Supply Pool and Oil Pool prepare for
managing and implementing the supply of energy during crises.
In ensuring the availability of peat, the target is to have reserve stocks covering six
months’ use at the beginning of the peat production season. Nuclear power plant
sites store enough nuclear fuel to ensure the production of electricity for several
months or even more than a year.
The Energy Department of the Ministry of Economic Affairs and Employment (MEAE)
is responsible for drafting legislation on the security of energy supply. Legislation in
field includes acts and decrees on the stockpiling obligation concerning imported
fuels and on the security stockpiling of peat. The Electricity Market Act and the
Natural Gas Market Act also lay down security of supply obligations that guide and
regulate energy supply. The EU requires (Directive 2009/119/EC) its Member States
to maintain minimum stocks of crude oil and/or petroleum products. Likewise, the
membership obligations of the International Energy Agency (IEA) include
maintaining oil reserves equivalent to 90 days of net imports. In the event of oil
supply disruptions, IEA member countries may decide on joint measures to balance
the oil market.
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The common Nordic electricity market has established cooperation on preparedness
planning and security of supply. Collaboration among public authorities,
organisations in the sector and transmission system operators takes place through
the NordBER Forum.
Education
There are six universities in Finland that provides education in HOLISDER project’s
related fields such as electrical energy engineering and energy systems. In addition
there are numerous related lower-level academies, like twenty Universities of
applied sciences.
Conflicting objectives
A strange feature in the Finnish energy policy is the conflicting objectives between
different fields of industry. Electricity is favoured compared fossil fuels as traffic
fuel. The roles are other way round as far as building sector is concerned.
SWOT analysis Finnish context for HOLISDER uptake

•Barriers for smart
homes

•Advanced smart
metering
implementation
•Feed-in tariff
subsidies regulation
•Advanced and
transparent

• Electricity transfer
fare is high
• Not defined role of
the independent
aggregator within
Nordic regulation:
retailers act as
aggregators

STRENGTHS

WEAKNESSE
S

THREATS

OPPORTUNIT
IES

•No integrated
intelligent consumer
devices in the smart
home devices
solutions.

•Open for DSF
participation
• Enable Implicit DR
• Pilot projects are
underway in the
secondary reserve
and the frequency
normal reserve
• HOLISDER
installation of
additional sensors
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7

Serbian context

The Serbian pilot sites comprise 2 buildings: one entire district and one school:



Stepa Stepanovic Neighbourhood
The Danilo kish School

Following the inclusion of these buildings as a pilot site in the H2020 MOEEBIUS
project, a wide variety of sub-metering systems, sensors and controllers/ actuators
(smart thermostats) have been installed in several apartments spaces of the
building, including temperature, humidity and VOC sensors, smart HVAC control
systems and communication gateways.
Overview
Serbia is a country in the south-eastern Europe, located in the heart of the Balkan
Peninsula, where a vast majority of its 7 million citizens are Serbs, and the rest
belong to any of the 40 different national communities [82]. The country is divided
into 29 districts, while the units of the territorial organization are: municipalities
and cities and autonomous provinces. Serbia is divided into 147 municipalities and
27 cities (included municipalities and cities in two provinces), which form the basic
units of local government. Each municipality has its own assembly, a municipal
president, public service property and a budget. Municipalities usually have more
than 10,000 inhabitants.
Beside the Central part of state, Serbia has two autonomous provinces: Vojvodina
in the north (39 municipalities and 6 cities) and Kosovo and Metohija in the south
(28 municipalities and 1 city) [83].

Figure 31. Serbia on map of Europe [84]

108

D3.1. Regulatory, Market, Socio-economic and ethical
context analysis in the pilot sites and anticipated (shortand mid-term) evolutions
Districts are the first level administrative subdivisions of the country and largest
entities, constituted of municipalities and cities. Districts are regional centres of
state authority, but have no assemblies of their own; they host various state
institutions such as funds, office branches and courts. Territories with the status of
"city" usually have more than 100,000 inhabitants, but are otherwise very similar
to municipalities. The city may or may not be divided into "city municipalities". Six
cities (Belgrade, Novi Sad, Niš, Požarevac, Užice and Vranje) comprise several
municipalities, divided into urban and suburban areas. Competences of cities and
their municipalities are divided [83].
The Republic of Serbia has a modern industry that follows the model of the free
market. The largest sector of the Serbian industry is the tertiary (service) sector,
with 63.8% of GDP. Then follows the secondary (industrial) sector (with 23.5% of
GDP) and primary (agricultural) sector with 12.7% of the GDP.
Major economic challenges include: high unemployment rates and the need for
private sector job creation; structural reforms of state-owned companies; strategic
public sector reforms; and the need for new foreign direct investment.
Factors favourable to Serbia's economic growth include the economic reforms it is
undergoing as part of its EU accession process and International Monetary Fund
agreement, its strategic location, a relatively inexpensive and very skilled labour
force, and free trade agreements with the EU, Russia, Turkey, and countries that
are members of the Central European Free Trade Agreement. More than half of the
overall export-import exchange that Serbia conducts, is traded with countries of the
EU [82].
7.1.1 Energy Profile
The energy sector is one of the largest and most important sectors for the country's
economy. Serbia is a net exporter of electricity and importer of key fuels (such as
oil and gas).
The energy system of the Republic of Serbia consists of [85]:






The electricity sector: electric power sources for the production of electricity,
electricity transmission systems, through which the transmission of electricity
produced in the country is carried out and exchanged with adjacent systems as
well as power distribution systems through which the electricity is delivered to
end-users.
Oil sector, within which the exploitation of domestic reserves of oil and natural
gas is performed; carries out import, transport and processing of crude oil and
petroleum products; distribution and sale, as well as the export of oil derivatives.
The natural gas sector, in addition of importing gas, performs primary gas
processing from domestic production, storage, transport and distribution to final
consumers of gas.
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Coal sector, within which exploitation and processing of coal is carried out. Coal
exploitation takes place in mines with surface exploitation of coal, mines with
underground exploitation of coal and mine with underwater exploitation of coal.
The district heating system consists of city heating systems, which exist in 57
Serbian municipalities and industrial energy systems.
Renewable energy sources include the use of the available potential of natural
resources for obtaining primary and final energy. The estimated technically
exploitable potential of renewable energy sources is 5.65 million tons of
equivalent oil annually, of which the biomass potential is 63%, solar energy 17%,
the potential of small water streams 10%, wind energy 5% and geothermal
energy 5%.
Lubricant sector, which includes the production, import and export of lubricating
oils and related products.

7.1.1.1

Fuel mix

Serbia has an abundance of coal, and significant reserves of oil and gas. Serbia's
proven reserves of 5.5 billion tons of coal lignite are the 5th largest in the world
(second in Europe, after Germany). Despite being small on a world scale, Serbia's
oil and gas resources (77.4 million tons of oil equivalent and 48.1 billion cubic
meters, respectively) have a certain regional importance. Almost 90% of the
discovered oil and gas are to be found in Banat and those oil and gas fields are by
size among the largest in the Pannonian basin but are average on a European scale.
Serbia is heavily dependent on foreign sources of natural gas, with only 17% coming
from domestic production and the rest is imported, mainly from Russia (via gas
pipelines that run through Ukraine and Hungary).
The current oil production in Serbia amounts to over 1.1 million tons of oil equivalent
and satisfies 43% of country's needs while the rest is imported. National petrol
company, Naftna Industrija Srbije (NIS), was acquired in 2008 by Gazprom Neft.
The company has completed $700 million modernisation of oil-refinery in Pančevo
(capacity of 4.8 million tons) and is currently in the midst of converting oil refinery
in Novi Sad into lubricants-only refinery. It also operates network of 334 filling
stations in Serbia (74% of domestic market) and additional 36 stations in Bosnia
and Herzegovina, 31 in Bulgaria, and 28 in Romania. There are 155 kilometres of
crude oil pipelines connecting Pančevo and Novi Sad refineries as a part of transnational Adria oil pipeline.
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Table 12. Balances for 2015 – Serbia (in thousand tonnes of oil equivalent –ktoe, on a net
calorific value basis) [86]

7.1.1.2

Electricity sector

The total needs of the final consumption of electricity in Serbia are settled from
domestic sources while imports are realized in non-planned and non-scheduled
exclusions and in cases of peak consumption.
The total installed generation capacity is about 8.600 MW. The production of
electricity in 2016 in Serbia was 38.11 billion KWh, while the final electricity
consumption amounted to 26.78 billion KWh. Most of the electricity produced comes
from thermal-power plants (about 73% of all electricity) and to a lesser degree from
hydroelectric-power plants and other sources.
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The almost entire production of electricity is under the jurisdiction of Elektroprivreda
Srbije - Electric Power Industry of Serbia (EPS) [87], public electric-utility Power
Company, while independent producers participate symbolically with only 2.2% of
electricity produced in 2016.
Total capacity of 16 hydro power plants with 50 hydro generating units is 2.936
MW, which makes almost 40.2 % of total power potential of EPS.

Figure 32. HPP Djerdap Hydro Power Plants (HPP) [88]

The first hydro power plants were put in operation in 1955 – HPP “Vlasina”, followed
by HPP “Morava" (1954-1957). However, HPP “Djerdap” is deemed to be the
“queen” of all hydro power plants. Total installed capacity of “Djerdap 1” and
“Djerdap 2” is 1,369 МW. Their joint annual generation is 6.530 GWh, which makes
about 18% of electricity generation in EPS [88].
HPP “Djerdap 1” was put in operation in 1972 through joint investment of Yugoslavia
and Romania. Main activity of this hydro power plant is not only electricity
generation but operation of ship locks in the systems of “Djerdap 1” and “Djerdap
2”, as well. HPP “Djerdap 1” ship locks are two-level locks (ships enter the chamber
and then are being “led" into the end Danube River water level at the chamber exit).
These ship locks are among the largest ones in the world by their chamber
dimensions.
HPP “Djerdap 2” - the first generation units were put in operation in 1985. This
hydro power plant consists of: power plant, ship lock, spillway and non-spillway
dam, as well as dam crossing with the border between the two countries in the
middle of it. The project provided for the possibility to construct railway across the
dam.
The Drina and Lim Rivers 9 hydro power plants have total installed capacity of 1.358
МW. Their annual generation amounts to 3.506 GWh, which makes about 10% share
in EPS electricity generation.
“TPP Nikola Tesla" Branch (TENT) is the top electricity producer in the South-Eastern
Europe. It has 14 units with total installed capacity of 3.288 MW, which represents
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one third of total installed capacities of Electric Power Industry of Serbia. TENT
annual generation is higher than 50% of electricity generation in Serbia. The largest
units, B1 and B2 with available capacity of 580 МW each, are in “TPP Nikola Tesla
B". Total capacity of 8 EPS TPPs, with 25 operating units, is 5.171 МW. They are
lignite-fired. Maximum annual generation of power plants operated by EPS, as from
1990, was achieved in 2013 and amounted to 37,433 GWh of electricity [89].
As of 1st July 2015, “Panonske CHPs” LLC Novi Sad (Panonske CHPs) has been
performing its activities and operations within the Public Enterprise Electric Power
Industry of Serbia as a Branch, and generates electricity for the purposes of power
system of Serbia, heating energy for the needs of heating plants of the cities of Novi
Sad, Zrenjanin and Sremska Mitrovica, and process steam for industry.
Facilities generate energy in a modern, cogeneration process enabling savings
related to primary fuel – natural gas or heavy fuel oil up to 25% compared to the
separated generation of electricity and heat. Total nominal installed capacity is 425
MW for electricity generation, 505 MW (t) for heating energy production, 860 t/h
(tons per hour) of process steam for process industry.
Installed
Capacity
[MW]

Type of Power Plant

Fuel

Number
of Plants

Hydro Power Plant

-

16

2.936

Thermal Power Plant

Lignite
coal

8

5.181

Combined Heat and
Power

Natural
Gas

3

425 (+505)

Other RES plants

-

-

70

Total

-

27

8.612

Table 13. Electricity sector in Serbia (2017) [87]

7.1.1.3

Renewable energy sources

The potentials of renewable energy sources in the Republic of Serbia are significant
and are estimated at 5.65 million tons of oil equivalent yearly. Of this amount, more
than 60% is the biomass potential, whose use is currently estimated at around 30%
of the available potentials. The available technical hydro-potential involves about
30% of the total potential of the RES. Almost half of this resources are already being
used.
By signing the Energy Community Treaty in 2006, the Republic of Serbia determined
to respect the terms of European energy law and also to incorporate it into domestic
legislative frameworks and strategic documents. Furthermore, the Republic of
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Serbia has took an obligation to increase the share of renewable energy from the
current 21.2% to 27% in total consumption, by 2020.
The Action Plan for Renewable Energy Sources was adopted in 2013 and is
fundamental for achieving a very ambitious goal that by 2020, Serbia will have new
1092 MW from RES.
Since 2009, when the legal framework with incentive measures ("feed-in" tariffs)
was established in the Republic of Serbia for the first time, by March 2016, new
facilities for the generation of electricity from the RES have been built. The total
installed capacity is about 70 MW [90]:
- 57 small HPP with total installed power of 39,44 MW; and 1 small HPP with
installed power of 0,58 MW with the status of temporarily privileged energy
producer
-

102 solar power plants 8,55 MW; and 13 solar power plants with total installed
power of 1,39 MW with status of a temporary privileged energy producer

-

3 wind power plants of 10,4 MW; and 11 wind farms acquired the status of a
temporarily privileged manufacturer with a total power of 4,5 MW

-

5 power plants on biogas total power around 4, 8 MW.

7.1.1.4

District Heating

District heating is available in 57 Serbian municipalities within the system of public
utility companies. The total installed capacity of boilers is about 6,700 MW (82%
are within the housing and 18% within the business premises). The average age of
heat sources, heat substations and distribution hot water network is over 25 years.
In the industrial energy system, there are heat sources used for the production of
technological steam and heat for the needs of production processes and for the
heating of the working space, which is 6300 MW, installed in hundreds of industrial
enterprises. In about 30 industrial companies in the Republic of Serbia, there are
power plants that allow for the combined production of heat and electricity.

Figure 33. Share of citizens served by District Heating [90]
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The production of thermal energy in 2015 amounted to slightly more than 35.000
TJ, while the final consumption was registered at the level of 30.000 TJ. Observed
by sectors, household consumption participates with 52% of total final consumption,
industry with 38% and public and commercial activities with 10% of total final
consumption.

Figure 34. District heating development [90]

Natural gas, coal, petroleum products and biomass are used for the production of
thermal energy in heating plants. In total heating consumption, natural gas
accounts for 74%, petroleum products with 15%, coal with 11% and biomass with
less than 1%.

Figure 35. Energy sources used to satisfy heat demand [90]

Average energy used for the buildings connected to the district heating system in
Serbia is still very significant and it is approximately 140 kWh/ m2a.
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Figure 36. District Heating sales to customer (in TJ) [90]

7.1.1.5

Electric Vehicles

Electric mobility is at a very low stage of development in Serbia, primarily because
of the lack of public charger infrastructure and the high purchase costs. There are
only thirteen places in Serbia where chargers for EV have been installed. Three
charging points are located on international routes, on the borders with Macedonia,
Hungary and Croatia. The rest of them are located in Belgrade as individual
investments of companies.

Figure 37. Electric bus operating in Belgrade’s public transport system

In April 2017, the Faculty of Mechanical Engineering in Belgrade presented a
supercharger for electric cars as part of European project Green Balkanika. The
project should provide necessary infrastructure for electric vehicles along 2.000km-long route, from Munich, via Salzburg, Ljubljana, Zagreb, Belgrade, Skopje,
Podgorica, and Tirana to Dubrovnik, Split and Zadar all the way to Kopar, Slovenia.
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Belgrade Public Transportation Company (GSP) has five electric buses operating in
city’s public transport system since September 2016. Those vehicles are using highcapacity condensators – 6 to 8 minutes charging is enough to provide 22 kilometreslong ride, while the costs are seven times lower than with diesel fuelled buses. In
the future, their number is expected to be multiplied [91].
7.1.2 Relevant institutions
The key organizational entities that currently regulate and operate the energy sector
in Serbia are:
MINISTRY OF MINING AND ENERGY
The Ministry of Mining and Energy [92] is in charge of the operations of the State
Administration related to mining, energy and natural resources development. Within
each of these spheres and their specific resources, the Ministry creates the
strategies and development policies, conducts the researches about sustainable use
of resources and their exploitation, and deals with safety, monitoring and other
operations as defined by the Law.
The Ministry of Mining and Energy consists of the following sectors: Electric Power
System, oil and Gas, energy Efficiency and Renewable Resources, geology and
Mining and the sector for European Integrations, International Cooperation and
Project Management.
As the body of the State Administration which, apart from mineral raw material, oil
and gas resources, etc., deals with energy efficiency, renewable resources, climate
changes, environment protection and coordination of the activities related to the
investments in energy, the Ministry of Mining and Energy is the lead partner in the
implementation of the project ‘Reducing Barriers to accelerate the Development of
Biomass Markets in Serbia’.
The Ministry participates in the project through the Project Board and the Biomass
Support Unit (BSU). This unit, formed within the Ministry, will continue its operations
after the investments realized through this project as a body which will direct the
investments to biomass projects in Serbia.
ENERGY AGENCY OF THE REPUBLIC OF SERBIA (AERS)
The Agency was established by the Energy Law as a regulatory body with
competences covering electricity, natural gas, oil and oil products, and CHP heat
energy sectors. By executing tasks assigned to it by the Energy Law, the Agency
contributes to creation of a stable regulatory framework for the development of an
efficient and sustainable energy sector that will be a strong backbone of the
country’s economic development.
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The Agency is a legal entity that is functionally independent of any state body,
energy entity or user of its products and services, and of any other legal or physical
entity.
In accordance with the Energy Law and international agreements the Agency carries
out the following tasks: price regulation, licensing of energy entities to conduct
energy activities, deciding appeals, energy market supervision and international
agreement implementation.
7.1.3 Smart metering implementation
Smart metering is at a very low stage of development in Serbia. Regulations do not
cover this area sufficiently. Some public energy supply companies are working to
include this concept in their business area. The introduction of tele-measuring in
some of them is in progress. Public electric-utility power company Elektroprivreda
Srbije (EPS) announced plans to start installation of smart meters in commercial
buildings and households. Beogradske elektrane-BEOELEK also provide some
actions in order to provide tele-measuring of consumption on substations level.
7.1.4 Smart homes
Although smart buildings have been built in Serbia for the past 10 years, the
percentage is still very low. The automated management system for smart buildings
only participates in the 3% of the price of the facility and its payback period is about
five to seven years. The savings that this system can achieve ranges from 15 to
35% [93].
Building with some degree of automation of the cooling system, lighting and general
control, today is the standard for business buildings in Serbia. In the case of
residential buildings and houses, investors have not yet fully averred of modern
standards. During the last few years, the real estate market has been increasing
demand for smart homes.
7.1.5 Relevant Projects
Public investment management office
The Government of Serbia has established a Public Investment Management Office
(PIMO) issuing a Decree [94]. PIMO has been established with a view to the need
for more effective utilization of public funds used for the improvement of the public
infrastructure.
According to the decree: “The Office shall perform expert, administrative and
operational activities to serve the needs of the Government, related to coordination
of the implementation of projects of reconstruction and improvement of public
facilities within the competence of the Republic of Serbia, Autonomous Province or
local self-government units in terms of collecting the data on the current and
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scheduled projects and the needs for public facility reconstruction, needs and
feasibility assessment of the proposed projects, priority identification, coordination
of public procurement procedures, meeting of contractual obligations and
payments, and also other activities stipulated by the Law or the Government Act.
The Office shall make expert evaluation of the implementation of projects of
reconstruction and improvement of public facilities within the competence of the
Republic of Serbia, Autonomous Province or local self-government units in terms of
collecting the data related to the current and scheduled projects and the needs for
public facility reconstruction, needs and feasibility assessment of the proposed
projects, priority identification, coordination of public procurement procedures,
meeting of contractual obligations and payments”. The office is using blended loan
and budget financing for its operations.
Budgetary fund for energy efficiency
Budgetary fund for energy efficiency has been established by the Decision of the
Government in 2013 as “evidence line within the main book of the Treasury” [95].
The fund, according to the decision1 on its establishment will be also used for the
implementation of the technical measures aiming to increase the energy efficiency
in production, transmission, transport, distribution and usage of energy.
More detailed elaboration of the scope work has been provided by the Decree on
the programme for financing of the activities and measures for the improvement of
the efficiency of energy usage in 2014 [96]. In 2016. Government has issued Decree
on the programme for financing of the activities and measures for the improvement
of the efficiency of energy usage in 2016 [97].
Modernization of the school conditions (financed from the Loan of the
European Investment Bank)
The School Modernisation Programme (originally envisaged to last till 2014 but still
ongoing) is aimed at improving the quality of learning conditions for students at all
levels of pre-university education, increase equity in the education system and
provide for more efficient allocation and investment in physical infrastructure that
is aligned with the corresponding country needs and global circumstances. The
programme is made up of 3 components: components 1 and 3 focused on renewal
and expansion of school infrastructure and building of new schools and component
2 supporting the strategic development of the Serbian education system through
technical assistance. The value of the overall programme is estimated at €100
million, co-financed by a European Investment Bank (EIB) loan of €50 million [98].

There are also other priority areas less relevant for energy efficiency in schools
and kindergartens.
1
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Energy efficiency in public buildings (financed from the Loan of the KfW)
The purpose of the Programme is the energetic rehabilitation of about 30 schools in
order to reduce the final energy consumption of the buildings by at least 20 % and
improve the learning and teaching environment in the participating schools [99].
European Bank for Reconstruction and Development (EBRD)
EBRD is one of the key stakeholders in the energy sector in Serbia and it is the
leading institution of the Regional Energy Efficiency Programme [100] which aims
to unleash the energy efficiency and renewable energy potential of Albania, Bosnia
and Herzegovina, FYR Macedonia, Kosovo, Montenegro and Serbia. Under the next
phase of REEP, the EBRD joins efforts with the German development bank KfW to
continue providing direct and intermediated financing in commercial and public
sectors while also launching the first dedicated regional residential sector credit line
facility to help unlock the tremendous untapped energy efficiency potential of
buildings in the Western Balkans.
Enhancing Infrastructure Efficiency and Sustainability Program (World
Bank)
Thanks to a new $119 million (Euro 100 million equivalent) Enhancing
Infrastructure Efficiency and Sustainability Program, approved today by the World
Bank Group Board of Directors, Serbia will be able to better maintain 8,000
kilometres of roads and improve energy efficiency in 234 of its public buildings. The
energy component supports the government’s Program for Reconstruction and
Improvement of State-Owned Public Facilities by improving energy efficiency and
safety in 234 public buildings throughout Serbia and strengthening the
implementation capacity of the program. The renovated buildings - which include
hospitals and clinics, schools and kindergartens, and other social facilities - will have
lower energy bills, improved building conditions (such as better lighting and
heating), extended operational lifetimes, and enhanced safety (e.g. structural
improvements and fire protection) [101].
Removing Barriers to Promote and Support the Energy Management
System in Municipalities in Serbia (United Nations Development
Programme (UNDP) financed by Global Environment Facility (GEF))
By accepting the Decision of the Ministerial Council of Energy Community dated
December 2009 on the implementation of EU Directive on Energy Efficiency and
Energy Services, Serbia is committed to produce three National Energy Efficiency
Action plans (NEEAPs) in 2010, 2013 and 2016 and reach national indicative energy
savings target of 9% of the final inland energy consumption, in the period between
2010 and 2018.
Such ambitious goal requires systemic approach which Serbia has defined by the
Law on Efficient Use of Energy and accompanying bylaws. According to the Law,
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units of local self-government with populations exceeding 20,000 are mandatory
reporting entities of the energy management system, meaning that they are obliged
to appoint the necessary number of energy managers, adopt energy efficiency plans
and programs, implement energy efficiency measures, submit annual reports on
primary energy consumption and achieve the targets for energy savings as
prescribed by the Decree on determining the annual energy saving targets.
Preparatory activities which included the development of the legal framework and
raising of institutional capacities for implementation of the energy management
system in Serbia have been implemented in the period from 2009 – 2016 with the
support of the Japan International Cooperation Agency (JICA), and the continuation
of support to local self-government shall be provided within the UNDP/GEF project
“Removing Barriers to Promote and Support the Energy Management System in
Municipalities in Serbia” [102]
Energy efficiency in public buildings (GiZ)
The nationwide project on Energy Efficiency in Public Buildings [103] focuses on the
situation in the country’s 6,500 or so schools and kindergartens. It operates in four
areas: 1) improving the legal framework, 2) introducing instruments to estimate
the scope for saving costs and energy, 3) setting up an advisory and information
platform and 4) training janitors and craftsmen.
The legislative institutions are given advice on how to adopt suitable regulations to
implement the requirements of Serbia's national energy efficiency action plan. Staff
working at public institutions, such as the Ministry of Education and local authorities,
are trained to make accurate estimates of the costs incurred and the scope for
energy saving by measures to enhance energy efficiency in buildings. To do so, cost
assessments are prepared for various measures and buildings are assigned to
different categories according to energy consumption. The project contributes
international experience and facilitates contacts with experts from other countries
that are already using these instruments successfully.
Building Efficiency Accelerator (BEA) and District Energy in Cities (DES)
projects
This project is supported by the United Nations Environment Program (UNEP) and
is part of the UN Sustainable Energy for All initiative (Sustainable Energy for All –
SEforALL) [104] [105]. 23 cities and states participates in the BEA worldwide. The
aim of the project is to double the rate of energy efficiency in buildings and district
heating systems by 2030. Better building efficiency policies can result in 25-50
percent reductions in energy demand from both new and existing buildings, saving
money and reducing pollution. The DES project will also provide trainings for the
relevant institutions in Serbia so that these institutions can carry out trainings
independently in order to increase expertise in this field. The main project’s outputs
are the Handbook on Energy Efficiency in Residential Buildings and Houses, and the
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designs for an energy retrofit of the Primary School Vlada Obradović-Kameni in
Belgrade’s area of Ledine.
Legislation and regulatory framework
7.2.1 Building code
The Law on efficient use of energy (03/15/2013) determines the conditions and
minimum requirements of efficient use of energy and energy resources in the sector
of transmission production, distribution and energy consumption. The basic
principles on which the efficient use of energy are established, besides energy
security and competitiveness of goods and services, are the sustainable use of
energy, management of consumption, economic viability, and the minimum EE
requirements for new or reconstructed facilities.
This law is applied to business entities, the public sector, buildings, households,
transportation and other energy consumers defined by this law. The Law on the
efficient use of energy came into force as of January 2015, while by that date, the
local administrations of municipalities with more than 20,000 inhabitants are obliged
to set objectives to improve energy efficiency and to submit the Program of energy
efficiency improvement.
National renewable action plan of the Republic of Serbia (NRAP) (28/06/2013) is a
document which encourages the investment in renewable energy sources (RES),
and which sets the goals for the use of renewable energy sources until 2020 and
the method of their implementation.
According to the Draft Energy Development Strategy of the Republic of Serbia until
2025 with indications until 2030, the national energy strategy aims to establish a
balance between production of energy form available sources, energy consumption
with a market and socially sustainable character, and a more efficient production
and the use of a “cleaner” energy from RES.
Serbia adopted regulations, performed the typology of residential buildings and
trained experts in this field, which served as the basis for the introduction of the
Central Register of Energy Passports (CREP). It is a software system in which energy
efficiency engineers enter data on energy certification of buildings and which allows
monitoring the improvement of energy efficiency in buildings as well as sources of
financing in this area. CREP is also a register of licensed energy efficiency engineers
and organizations that are authorized to issue energy passports.
All new buildings, those that are reconstructed, sanitized or sanitized by energy,
according to the construction law, have an energy passport containing all the data
on the energy properties of the building. From 2015 to the beginning of 2017, more
than 400 energy passports have been entered in the Register.
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A new Law on housing and maintenance of buildings is under preparation in which
it will be established that energy efficiency is a public interest, which opens the way
for local governments to allocate funds for this purpose, and housing communities
to apply for competitions for energy recovery programs [106].
The Institute for Standardization of Serbia (ISS) adopted EUROCODE as Serbian
standards SRPS EN [107]:


SRPS EN 1990/NA:2012 Eurocode - Basis of structural design – National
Annex



SRPS EN 1991 Eurocode 1 series: Actions on structures – 24 codes and
national Annexes were adopted



SRPS EN 1992 Eurocode 2 series: Design of concrete structures - 9 codes and
national Annexes were adopted



SRPS EN 1993 Eurocode 3 series: Design of steel structures - 46 codes and
national Annexes were adopted



SRPS EN 1994 Eurocode 4 series: Design of composite steel and concrete
structures - 7 codes and national Annexes were adopted



SRPS EN 1995 Eurocode 5 series: Design of timber structures - 5 codes and
national Annexes were adopted



SRPS EN 1996 Eurocode 6 series: Design of masonry structures - 5 codes
and national Annexes were adopted



SRPS EN 1997 Eurocode 7 series: Geotechnical design - 2 codes and national
Annexes were adopted



SRPS EN 1998 Eurocode 8 series: Design of structures for earthquake
resistance - 6 codes and national Annexes were adopted



SRPS EN 1999 Eurocode 9 series: Design of aluminium structures - 11 codes
and national Annexes were adopted

The specific codes for Energy Performance of Building regarding the methods for
calculation of system energy requirements and system efficiencies are [108]:


SRPS CEN/TR 15316-6-1:2017 - Part 6-1: Explanation and justification of EN
15316-1, Module M3-1, M3-4, M3-9, M8-1, M8-4



SRPS CEN/TR 15316-6-10:2017 - Part 6-10: Explanation and justification of
EN 15316-5, Module M3-7, M8-7



SRPS CEN/TR 15316-6-2:2017 - Part 6-2: Explanation and justification of EN
15316-2, Module M3-5, M4-5
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SRPS CEN/TR 15316-6-3:2017 - Part 6-3: Explanation and justification of
15316-3, Module M3-6, M4-6, M8-6



SRPS CEN/TR 15316-6-4:2017 - Part 6-4: Explanation and justification of EN
15316-4-1, Module M3-8-1, M8-8-1



SRPS CEN/TR 15316-6-5:2017 - Part 6-5: Explanation and justification of EN
15316-4-2, Module M3-8



SRPS CEN/TR 15316-6-6:2017 Part 6-6: Explanation and justification of EN
15316-4-3, Module M3-8-3, M8-8-3



SRPS CEN/TR 15316-6-7:2017 - Part 6-7: Explanation and justification of EN
15316-4-4, Module M8-3-4, M8-8-4, M8-11-4



SRPS CEN/TR 15316-6-8:2017 - Part 6-8: Explanation and justification of EN
15316-4-5 (District heating and cooling), Module M3-8-5, M4-8-5, M8-8-5,
M11-8-5



SRPS CEN/TR 15316-6-9:2017—Part 6-9: Explanation and justification of EN
15316-4-8, Module M3-8-8



SRPS EN 15316-1:2017 - Part 1: General and Energy performance
expression, Module M3-1, M3-4, M3-9, M8-1, M8-4



SRPS EN 15316-2:2017 - Part 2: Space emission systems (heating and
cooling), Module M3-5, M4-5



SRPS EN 15316-3:2017 - Part 3: Space distribution systems (DHW, heating
and cooling), Module M3-6, M4-6, M8-6

The building codes regarding the methods for calculation of the design heat load
are:





SRPS CEN/TR 12831-2:2017 - Part 2: Explanation and justification of EN
12831-1, Module M3-3
SRPS CEN/TR 12831-4:2017 - Part 4: Explanation and justification of EN
12831-3, Module M8-2, M8-3
SRPS EN 12831-1:2017 - Part 1: Space heating load, Module M3-3
SRPS EN 12831-3:2017 Part 3: Domestic hot water systems heat load and
characterization of needs, Module M8-2, M8-3

Other building codes are as followed regarding diverse issues:


SRPS EN 15251:2010 Indoor environmental input parameters for design and
assessment of energy performance of buildings addressing indoor air quality,
thermal environment, lighting and acoustics
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SRPS EN ISO 7730:2008 Ergonomics of the thermal environment - Analytical
determination and interpretation of thermal comfort using calculation of the
PMV and PPD indices and local thermal comfort criteria (ISO 7730:2005)
SRPS EN 10211:2014 Chemical analysis of ferrous materials - Determination
of titanium in steels and cast irons - Flame atomic absorption spectrometric
method
SRPS EN ISO 10211:2017 Thermal bridges in building construction - Heat
flows and surface temperatures - Detailed calculations
SRPS EN ISO 6946:2017 Building components and building elements Thermal resistance and thermal transmittance - Calculation methods
SRPS EN ISO 10077-1:2017 Thermal performance of windows, doors and
shutters - Calculation of thermal transmittance - Part 1: General
SRPS EN ISO 10077-2:2017 Thermal performance of windows, doors and
shutters - Calculation of thermal transmittance - Part 2: Numerical method
for frames
SRPS EN 15232-1:2017 - Part 1: Impact of Building Automation, Controls
and Building Management - Modules M10-4,5,6,7,8,9,10
SRPS CEN/TR 15232-2:2016 - Part 2: Accompanying TR prEN 15232-1:2015
- Modules M10-4,5,6,7,8,9,10

7.2.2 Demand Response
Demand response in Serbia is on very low stage of development. Formal demand
response program in Serbia is used in electric system in order to balance supply
and demand and lower the cost of electricity. Demand response is an electricity
tariff established to motivate changes in electric use by end-use customers. Methods
of engaging end-use customers in demand response efforts include offering timebased rates such as time-of-use pricing, critical peak pricing and amount of energy
consumption.
Other aspects of demand response is based on individual awareness of benefits.
Awareness of general welfare is on very low stage, the primary motive is cost. So,
demand response is usually presents in home devices with programmable and
communicating units with corresponding demand response programs. These devices
are pretty much presented on Serbian market now.
7.2.3 Data protection Law
Current applicable data protection regulation is Law on personal data protection
(“Official Gazette of the Republic of Serbia”, No.97/2008, 104/2009, 68/2012 and
107/2012).
The Action Plan for Stabilization and Association Agreement - Chapter 23 stipulated
that the new Personal Data Protection Act was to be adopted until the end of 2015,
but this never happened.
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The Serbian Commissioner for Information of Public Importance and Personal Data
Protection [109] published the second draft of the new law. As announced by the
Commissioner, the new Draft was necessary in order to address the deficiencies of
the existing Law on Personal Data Protection and in order to harmonize the law with
EU legislation, particularly with the newly enacted General Data Protection
Regulation.
Electricity Market
Electricity market in Serbia includes:





Bilateral electricity market - electricity is directly bought and sold among
market participants in line with the electricity supply contract.
Balancing electricity market - transmission system operator buys and sells
electricity from market participants for balancing purposes and in order to
provide safe system operations
Organized electricity market – institutionally regulated relation between the
supply and the demand of electricity market participants with standardized
products and physical delivery determined in advance, day ahead and
intraday.

Figure 38. Electricity market scheme [110]
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Electricity market in Serbia is dominated by national power utility EPS
(Elektroprivreda Srbije – Power Industry of Serbia), which owns all large generation
capacities and its electricity supply/retail divisions cover 95% share of the electricity
consumption. EPS manages 99% of entire electricity generation.
There are no privately owned generation capacities which sell electricity on open
market, so energy can only be obtained from electricity traders, SEEPEX or from
EPS Trade. Serbia represents a trading hub of the region due to bordering with eight
countries, so it is very important for electricity transiting and bilateral trading
between trading companies. There are 78 licensed trading companies in Serbia since
local legislation requires establishing of local company for any electricity trading and
transiting activity. License for electricity trading is at the same time license for
electricity supply (BRP contract with EMS must be signed).
Self-consumption is on very low stage. Any License is not needed for selfconsumption and there is no support measures for this way of production and
consumption. Also, we could say that real net-metering does not exist.
Serbia has made a commitment to increase the share of renewable energy to 27 %
in gross final energy consumption by 2020, from 21.9 % recorded in 2009. National
Action Plan for renewable energy sources, adopted in June 2013, provided the
measures for reaching the share of 27.3 % by 2020.
The main support scheme for the production of electricity from renewable energy
sources is a feed-in tariff, regulated by the Energy Law and special Decrees.
The plant operators need to obtain the status of a “privileged power producer” in
order to acquire the right to a price support for the generated electricity under the
legal requirements. After having concluded a power purchase agreement with the
plant operator, the guaranteed supplier Elektroprivreda Srbije is legally obliged to
buy the specified amount of electric energy from privileged producers at an incentive
price (Art. 23 No. 2 Regulation on Incentive Measures).
The amount of the feed-in tariff is determined in the Decree on Incentive Measures
for Electricity Generation from Renewable Energy Sources and High-Efficiency
Cogeneration of Electricity and Heat and it mainly depends on the type of RES
technology.
In accordance with the Bylaw on green energy fee, EPS has implemented RES fee
in electricity bills, and it is being revisited each year. Funds collected through new
fee would be transferred to power plants that use RES, which are entitled to feedin tariffs. Current green energy fee stands at some 0.073 eurocent/kWh or about
0.4 euros per month on average [111].
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7.3.1 Roles
EPS Distribucija (EPS Distribution)
Distribution business in Serbia is performed by five territorially organized
companies, which are all part of EPS: Elektrovojvodina, Elektrodistribucija Beograd,
Elektrosrbija, Jugoistok and ED Centar. All companies operate under one company
- EPS Distribucija (EPS Distribution) as the only DSO in Serbia.
Pursuant to Articles 136 and 139 of the Energy Law, with the approval of the Energy
Agency, the distribution system operator adopts the Distribution Network Code
regulation, regarding the technical conditions for the connection to the distribution
system, the conditions for safe operations the provision of reliable and continuous
delivery of electricity to customers, procedures in crises, rules on the access of the
third party to the distribution system, etc.
EPS Snabdevanje (EPS Supply)
EPS Supply is the only retail/supply branch of EPS which has a license to supply
tariff customers at regulated prices [112]. In line with the Law, all final electricity
customers are entitled to free selection of supplier. The supplier switching is free of
customer’s charge.
There are two types of contracts:
-

-

Full supply contract: the amount of delivered electricity is not determined by
the contract, but based on the consumption measured at the metering point. In
this case, the electricity supplier is BRP, who pays access to the system and
balancing to EMS – while end customer pays balancing to BRP and pays price of
delivered electricity. The customer does not pay access to the network (access
is paid by supplier).
Regular supply cases: the final consumer can either register as BRP, or transfer
balance responsibility on BRP. The final customers pay access to the system,
and price of delivered electricity to suppliers. End customer also pays balancing
to BRP, who pays balancing to EMS (or directly to EMS, if end customer
registered itself as BRP).

By signing the “Balance responsibility contract”, the market participant (in this case
supplier) is obliged to balance its generation, consumption, purchases and sales of
electricity. In order to become Balance Responsible Party, each participant must
sign contract with EMS. Each market participant must have license from regulatory
agency of Serbia in order to perform electricity supply business. Electricity supply
license is the same time electricity trading license.
Settlement price for each accounting interval (hour) is determined as weighted price
of activated explicit and implicit bids from the tertiary regulation, contractual
deployed balancing reserve and deployed secondary regulation. Settlement price
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cannot be higher than 1.5 times greater than the maximum price for the engaged
balancing energy in regulation upward in that accounting interval.
Elektro Mreza Srbije (EMS)
It is a Transmission System (TSO) and Market Operator at the same time. The major
divisions of EMS are the transmission of the grid and the system operation and the
market operation. In line with Article 175 of the Energy Law, with the approval of
the Energy Agency, the transmission system operator adopts Electricity Market
Rules.
Serbia has good interconnections with neighbouring countries, which would be
strengthened by new interconnections with Romania and Bosnia and Herzegovina
(Trans Balkan Corridor). The Division covers the entire area of the Republic of Serbia
and is organized into six organizational units.

Figure 39. Supplier switching scheme upon customer’s request [113]

Serbian Power Exchange (SEEPEX)
On a base of government approval, in mid-May 2014, EMS and Epex Spot signed
the Agreement on implementation of the establishment of South East European
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Power Exchange (SEEPEX). EMS holds 75 % stake in SEEPEX and Epex Spot holds
remaining 25% [114].
SEEPEX was officially launched on 17 February with traded volume 1,925 MWh and
with base price of 23.83 euros/MWh. SEEPEX is jointly owned by Serbian EMS and
European Power Exchange (EPEX SPOT) with the idea to support the development
of a competitive, transparent and reliable electricity market in Serbia and Southeastern Europe and make a significant impact on the increase of trading volumes of
electricity in the region. But, turnover and liquidity of SEEPEX is still low, and days
with zero trading frequently occur.
Social, cultural and ethical aspects







Lack of public and personal awareness for more energy efficient consumption.
Experts in energy efficiency say that with proper energy efficiency measures
Serbia could save 30-40% of energy, which is otherwise imported in the amount
of about 30 %.
Lack of awareness of general welfare in the field of environment. Saving is
related only with money.
Energy in the Republic of Serbia has not yet become merchandise. For instance,
almost all customers showed no willingness to change their electricity supplier:
Even if some supplier would offer better conditions for customer and cheaper
electricity, it will be difficult to play against psychological factor of “security” Power Utility of Serbia existed, exists, it will continue to exist. On the other hand,
customers are not familiar with electricity market liberalization and market
players in region/Europe.
Theft of energy - according to its officials, EPS has around 80 million EUR of
annual losses related to electricity theft.
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SWOT analysis Serbian context for HOLISDER uptake

• Methods of
engaging end-use
customers in DR
efforts
• EE national
legislation

STRENGTHS

WEAKNESSES

• EVs: lack of public
charger infrastructure
and high purchase
costs
•Low progress in smart
metering and smart
homes.
•Low stage of
deployment of DR
programs and
individual awareness
of benefits.
•Closed electricity
market: energy can
only be obtained from
electricity traders

•RES increase

• Implications of new
GDPR
• Continuous changes
in the regulatory
framework
• Lack of awareness
about EE and DR
schemes

THREATS

OPPORTUNITI
ES

• Ongoing planning
installation of smart
metering in
buildings and
households
• Strength of DR
instruments
• Capacity building to
consumers in DR
schems
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Conclusions

The aim of this document is twofold: 1. to identify the current European regulation
on energy efficiency and data privacy and security, which are in line with the context
of the HOLISDER project, and 2. to analyse the specific regulations in each pilot site
(Greece, United Kingdom, Finland and Serbia) regarding energy efficiency in general
and in buildings, and other legislations regarding DR. Below the conclusions per
country are given by mentioning the opportunities, constraints and the impact on
the HOLISDER framework. Thus these conclusions give first steps to design and to
create new business models for implicit and explicit DR and associated challenges.
Hence we can achieve the scalability possibilities of the HOLISDER products.
General remarks


Foundations for the deployment of DR at domestic level are already contained
within the existing EU legal framework. For example, the Energy Efficiency
Directive, in its article 15, clearly establishes the regulatory framework of DR
either individually or through aggregation, as well as its application for
balancing purposes. Specifically, the EC final Decision (7374/2014/EC)
regulates the interruptibility schemes. Compensations to energy reduction are
calculated based on standardised formulas, ideally the same across Member
States. Failure to comply with a Power Reduction Order will result in penalties.
The HOLISDER project will impact on the diversification of entities in the
energy market, improving both DR schemes, according to the terms and
conditions of each actor role and the DR instruments regulated in the
aforementioned directives and EC decisions.



The EU Directives proposals support production, consumption, storage and sell
of self-generated electricity, whether individually, through and aggregator or
within a local energy community. HOLISDER should explore DR functionalities
that might support domestic users and aggregators in each of such tasks.



The current electricity balancing guideline and the Network Code on demand
connection are enablers of demand-side flexibility schemes as proposed by
HOLISDER.



The energy efficiency requirements for buildings in each pilot site are regulated
in their respective national legislations which comply with the EU EPBD and the
EPCs standards. The HOLSIDER pilot sites must comply with the eco-design,
building renovation and energy efficiency obligations schemes regulated in the
EPBD. The installation of smart home devices and smart metering in some
HOLISDER pilot sites promotes the use of ICT technology recommendations
from the EPBD.



The HOLISDER system architecture must guarantee an operation in full
alignment with the data management requirements to be introduced by the
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GDPR. The HOLISDER project will provide clear data treatment information to
consumers through the Living Labs, and will generate a transparent inventory
of all the collected personal data and a record of all data processing activities,
based on the signed contract between stakeholders with previously consent of
consumers, as mandatory by the GDPR. DSO nor TSO will not be entitled to
own or operate storage facilities in the HOLISDER pilot sites.


The Directives proposals systematically include DR as a resource in the
provisions for all organized electricity markets, alongside storage and
generation. The HOLISDER Business scenarios should be flexible enough for
aggregators to participate in markets that better suit their expertise and the
local market conditions.



Given that net-metering is envisaged within the proposals, the HOLISDER
solution might set transparent accountability conditions for the electricity feed
into and consumed from the grid.
Opportunities in the HOLISDER pilot sites

8.2.1 GREECE
Opportunities




Restructuration and integration of the electricity market towards the
development of a single European electricity market (3rd EU Energy
Package). This leads to the:
o Creation of new legal entities and new distinct markets in Greece to
enhance efficient cross-border energy flow among Member States.
o Introduction of intraday and real-time balancing market over a
transition period, to complement the restructured day-ahead market
and remunerate flexible units.
Gradual integration and participation of RES and CHP projects in the Greece
electricity market (Law 4414/2016) according to the EU electricity target
model to develop and implement an Intraday Electricity Market of adequate
flow.

Constraints





There are no regulations or rules regarding the installation of smart metering
infrastructure and the deployment of extensive demand response programs
for almost all end-consumers (except for large industrial consumers
participating in the interruptibility mechanism).
No regulations on deployment of extensive DR programs for almost all endconsumers
Currently, there are no IT infrastructure that would allow for the massive
deployment of DR programs.
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Suppliers and consumers cannot submit bids in the day-ahead market
(mandatory pool. Only HV and MV customers have advanced meters.

Impact on HOLISDER Framework







On-going pilot project for the installation of 200,000 smart meters in
commercial buildings and households in five regions of Greece
Roll-out for the replacement of 7,5 million meters in all electricity consumers
by HEDNO.
There is a significant delay on the establishment of the new markets in the
country, will could indirectly impact the HOLISDER project regarding DR
constraints and to enhance electricity market competitiveness.
The continuous changes in the Greek regulatory framework could be a barrier
at short-medium term regarding the Greek roll-out.
Implications of GDPR should be taken into account in the deployment of the
HOLISDER DR solutions, specifically in Explicit DR.

8.2.2 UK
Opportunities







Local planning policy to decentralize energy and reduce CO2 emissions.
Strong EV market with increase of sales and charging points
Government support of smart metering implementation by the Smart
Metering Programme, which target is that every home and small business in
the country is offered a smart meter by the end of 2020.
Power Responsive initiative, with the goal of stimulating participation of
flexible technologies in the electricity system.
Association for Decentralised Energy (ADE) has developed a voluntary
industry led code of conduct for aggregators and suppliers.

Constraints





Some detected market barriers are: the lack of information, split incentives,
undervaluing energy efficiency and lack of capacity and skills to deliver EPC
and to contract EPC by clients.
There are still poor transparency in sharing DR data in various balancing
services programmes in DR market.
Open ancillary services programmes to DR and aggregated load, but not
optimal design for customer participation.
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Impact on HOLISDER Framework








UK is open for demand-side flexibility participation, so the HOLISDER
solutions will offer a new and innovative scheme to tackle consumers’
empowerment and participation in the energy market.
HOLISDER installation of additional sensors (JACE product, hardware
gateway to accommodate EF-i platform, sub-meters)
Transparency and improvement of DR schemes in UK
The implications of GDPR regarding data transparency and collection will
positively impact the lack of transparency in sharing DR data in the UK energy
market.
Willingness to participate in HOLISDER DR markets by the consumers

8.2.3 FINLAND
Opportunities




Advanced smart metering implementation
Feed-in tariff subsidies regulation
Advanced DR: Current day-ahead and intraday trading platform, enhancing
a real flexibility market, giving Nord Pool members access to all the data and
information they require (transparency).

Constraints




Barriers for smart homes: standards, interoperability, short lifecycle of
devices, missing privacy, unclear benefits, high price of devices, and long
periods between main renovations.
There are not yet integrated intelligent consumer devices in the smart home
devices solutions.

Impact on HOLISDER Framework








Finland is open for Demand-side flexibility participation, so the HOLISDER
Explicit DR will offer a new and innovative scheme to tackle consumers’
empowerment and participation in the energy market.
Successful and solid Implicit DR in the Finnish energy market will facilitate
the integration of new HOLISDER business models in the Finnish energy
market.
Pilot projects are underway in the secondary reserve and the frequency
normal reserve
HOLISDER installation of additional sensors to improve smart home solutions
Electricity transfer fare is high, which could be a negative impact for Implicit
DR and new business models regarding the Implicit DR approach
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Not defined role of the independent aggregator within Nordic regulation:
retailers act as aggregators.

8.2.4 SERBIA
Opportunities




Methods of engaging end-use customers in DR efforts
Reinforcement of EE national legislation, covering EE legislation on buildings
RES increase in the last 10 years

Constraints





EVs: lack of public charger infrastructure and high purchase costs.
Low progress in smart metering and smart homes.
Low stage of deployment of demand response programs and individual
awareness of benefits.
Closed electricity market: energy can only be obtained from electricity
traders. This could be a barrier to enable independent aggregators to trade
demand flexibility in markets without the prior permission of third parties.

Impact on HOLISDER Framework










Ongoing planning installation of smart metering in buildings and households.
Implications of the new Serbian data protection are still unknown since the
recast is still not in alignment with the GDPR. The collection and use of data
with smart metering by third parties, prior consent from customers could be
a problem that the Serbian pilot site may face.
Continuous changes in the regulatory framework, which implies uncertainty
in the energy market limitations and barriers.
The HOLISDER objectives are impacted by the shift the electricity system
structure from one traditionally covered by large companies and huge
investments to one with major participation of distributed RES for generation.
The Serbian gap to enable aggregation in all markets will impact the
HOLISDER project, and it may have repercussions on the creation of new
HOLISDER DR business models.
The lack of awareness DR schemes could difficult the DR business success
and consumers’ engagement in the HOLISDER project. For this reason and in
order to strength the participation of consumers in the energy market, the
HOLISDER project plans to give capacity building workshops to consumers
about DR schemes and new DR business models.
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HOLISDER within EU future trends and objectives
• The HOLISDER project reinforces the European Union objectives to achieve
the shift from centralized to decentralized generation, and the deployment of
smart and interconnected markets.
• The HOLISDER results should be strategically presented and disseminated in
order to help national legislators and stakeholders to define the adequate
frameworks for independent aggregators and demand response full market
participation, as required within the European Commission proposal.
• The 2016 Directive proposal supports production, consumption, storage and
sale of self-generated electricity, whether individually, through and
aggregator or within a local energy community. HOLISDER should explore
demand response functionalities that might support domestic users and
aggregators in each of such tasks.
• The 2016 Directive proposal systematically include demand response as a
resource in the provisions for all organized electricity markets, alongside
storage and generation. The HOLISDER Business scenarios should be flexible
enough for aggregators to participate in markets that better suit their
expertise and the local market conditions.
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