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Executive summary 
Existing power system planning and operation tools are being rendered obsolete by technological 
advancement, regulation, and market trends. For instance, high penetration of renewable energy 
sources, the development of smart grids, the increased need for flexibility, and the rise of the Internet-
of-Things (IoT) are among these significant trends. The INTERPRETER project aims at overcoming 
limitations of existing tools through a modular grid management solution consisting of a set of ten 
software applications for optimised design, planning, operation and maintenance of the electricity grid 
– with a special focus on the distribution network – that will be offered to grid operators through an 
open-source interoperable platform.  

The purpose of this deliverable D2.1 is to guide for further stages in the INTERPRETER project, in which 
these tools will be defined and developed. An overview of issues and trends currently affecting the 
planning, operation, and maintenance of the power system is provided. We gather and present the 
consortium partners’ concerns and interest in these trends. The data show the partners’ expectations 
on the likelihood that the trends will materialise, their expected impact and the ability of distribution 
system operators to influence the trends. As final conclusions, recommendations for the scope and 
objectives of the INTERPRETER set of tools are elaborated.  

Covered topics of this report include: 

• EU Regulation: A general overview – past evolution, present and outlook. 
• Planning and operation: Distributed energy resources (DER), grid decarbonisation, smart grid 

technologies and their impact on resource adequacy assessment, long-term planning of 
distribution systems, the day-to-day operation, business models of suppliers and distribution 
systems operators. 

• Reliability and power quality: New practices due to variable distributed generation, including 
behind-the-meter DER (e.g. PV + Storage) and DSO activities (e.g. demand response as a 
resource to meet capacity needs).  

• European electricity market: Increased integration of regional and national markets, new actors 
such as aggregators, energy communities, and prosumers.  

• Renewable energy sources: Impact of continued growth, such as atypical power flow patterns, 
new congestion points (e.g. offshore wind in the North Sea), dynamic stability issues, and 
increased need for reserves.   

• Distributed energy resources (DER): Emerging technologies such as distributed generation (DG), 
energy storage, and demand response (DR) convert the centralised electricity system in a more 
decentralized one. System operators are challenged to integrate DERs as assets (not liabilities) 
into planning, operation, and markets.  

• Flexibility services: Variable, not controllable renewable resources require increased system 
flexibility from non-traditional sources such as demand response and energy storage.  

• Energy efficiency: Regulators and system operators can provide measures like price signals, 
financing tools, and promoting awareness. Furthermore, system operators should incorporate 
energy efficiency as another tool to meet capacity requirements in their planning processes. 

• Electromobility (electric vehicles – EV): Integrating EV charging in grid planning is fundamental 
and coordinated operation bears considerable potential for DR with positive impacts on system 
flexibility, efficiency and stability.  

• Microgrids and energy communities (EC):  Remote microgrids, cooperative generation of local 
energy and residential microgrids can provide energy, flexibility, and ancillary services to the 
system if they are allowed to participate in energy markets. System operators should include 
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these entities in their planning practices to avoid duplicating infrastructure and increase system 
efficiency.  

• Digitalization: In electric systems digitalization refers to the widespread adoption of internet-
connected devices such as smart meters, electric vehicle chargers, and loads. As a result, new 
tools such as distribution system automation and big data open up opportunities for System 
operators to increase the efficiency of the system and improve their service to customers.  

To provide recommendations on the scope and objectives of the INTERPRETER set of tools, the 
consortium partners provided their view via a questionnaire, regarding their likelihood of realisation, 
their potential impacts on network operation, and the ability of distribution system operators to 
influence their implementation. The outcome of the questionnaire provided the following list of major 
challenges to be addressed by INTERPRETER: 

• The need to revise the resource adequacy assessment methodologies 
• The impact of high RES penetration on network resiliency 
• Many energy services (mostly related to flexibility) will rise at the distribution level 
• The considerable impact of EV penetration on electricity load patterns 
• The necessity of defining network tariffs tailored for new types of energy uses and behaviours 

(prosumer, ECs) 
• The need to digitalise the grid infrastructure and the DSO’s operation model. 

Combining our analysis of current trends and challenges with partners’ expectations, the following key 
recommendations could be drawn for the pursuit of the INTERPRETER project: 

• The solutions designed initially for high voltage networks management need a complete design 
review to fit distribution system operators’ specific challenges 

• The planning and operation of distribution networks must switch from the “fit-and-forget” 
paradigm and should be conceived as a dynamic exercise 

• Distribution system operators must embody the role of market facilitator the European 
regulation confer to them, and rip benefits of this position to enhance their day-to-day 
operation and network reliability 

• The collection, systematic use, and seamless exchange of real-time data are the means to 
achieve the challenges previously mentioned. In that context, particular attention should be 
paid to interactions of legacy and new systems, cybersecurity, and data privacy requirements. 
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1 INTRODUCTION 

The transition towards a low-carbon economy is significantly transforming the power system from a 
unidirectional, centralised and fossil-based system towards a bidirectional, distributed and renewable-
based one. In this context, distribution system operators (DSOs) and transmission system operators 
(TSOs) are facing more complex grid operations, including challenges like reverse power flows, 
additional power flows in transmission systems and grid stability issues. Available tools for grid 
management in this changing environment have often underperformed for several reasons (e.g. 
unavailability of grid models, data management restrictions, use of conventional approaches to the 
application algorithms, etc.). INTERPRETER will overcome limitations of existing tools through a modular 
grid management solution consisting of a set of ten software applications for an optimal design, 
planning, operation and maintenance of the electricity grid – with a special focus on the distribution 
network – that will be offered to grid operators through an open-source interoperable platform. These 
tools will support DSOs and TSOs to move from a traditional grid management approach to an active 
system management approach, considering the rapid deployment of distributed energy resources 
(DERs) as well as growing environmental concerns. The project includes an ambitious validation phase, 
in which the solutions will be tested in 3 pilots in Belgium, Denmark, and Spain, thus ensuring high 
replicability across Europe.  

The purpose of this report is two-fold. The first is to analyse the main issues that are currently affecting 
or are expected to affect the planning, operation, and maintenance of the distribution grid. Specifically, 
we analyse existing and planned regulation, available and emerging standards, cybersecurity, data 
protection, and market development trends for the following specific issues:  

• Planning and operation electric grids 
• Renewable energy resources (RES) penetration 
• Electric mobility (E-mobility) 
• Flexibility of power systems 
• Digitalization of the power system  
• Energy efficiency 
• DERs and ancillary services 
• Electricity markets 
• Microgrids and energy communities (EC) 
• Reliability and power quality 

The second purpose of this report is to draw from this analysis the stakeholders’ (e.g., TSOs/DSOs, 
aggregators, end-users) needs regarding grid development and operation. This report will inform the 
definition of the framework and the underlying trends in order to facilitate the later definition of 
specifications for the new tools and applications developed during the INTERPRETER project as well as 
their integration into the DSOs’ existing systems.  

This report first presents the updated regulatory framework in the European Union (EU) and succinctly 
outlines the key provisions of the Clean Energy for all Europeans Package (CEP) regarding DSO activities. 
Secondly, we discuss the context, regulation, standards, trends, and barriers for 10 key trends affecting 
today’s power systems. In this report, we pay special attention to issues faced by DSOs at the low-
voltage (LV) level. Thirdly, we gather and report expectations from the INTERPRETER consortium 
regarding the envisioned tools. The purpose of outlining the requirements is to guide the subsequent 
activities of the project so that the final outcome empowers the stakeholders to tackle the 
aforementioned barriers and capitalize on current trends. Finally, we conclude our report with a brief 
summary and recommendations for next steps to be taken within the INTERPRETER project.  
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1.1 DISTRIBUTED ENERGY RESOURCES 
Distributed energy resources (DER) are defined as the small-to-medium scale resources that are 
connected mainly to the lower voltage levels of the distribution grids of the system or near the end 
users [1]. Its key categories are:  

(a) Distributed generation (DG): power generating technologies in distribution grids. It comprises 
dispatchable resources like cogeneration units or biogas plants and variable renewable energy 
sources (VRES) that depend on fluctuating energy sources like wind and solar irradiation.  

(b) Energy storage: batteries, flywheels and other technologies that store and supply electricity at 
a later point in time.  

(c) Demand response (DR): Changes of electric usage by end-users from their normal consumption 
patterns in response to market signals such as time-variable prices or incentive payments. 

DG proliferation is vast in most markets around the world and can impact several aspects of 
transmission and distribution planning, operations, engineering and analysis, as well as policy and 
regulation development in a certain country or region. Evaluating the severity of those impacts on 
existing grids and developing solutions to ensure seamless integration has become a topic of high 
interest among the industry players. Several new concepts, the most prominent of which is microgrids, 
have emerged as a viable solution to effectively manage, integrate, and benefit from variable DG. It is 
expected that penetration levels of DG will continue growing, given the favourable business, regulatory, 
and policy landscape, decreasing technology prices, evolving end-user expectations, and the emergence 
of new behaviours and concepts, particularly the “prosumer”. Widespread adoption of DG will increase 
the complexity of the grid, accentuating the need for reliable real-time operations and control, and 
triggering additional engineering issues.  

A high degree of distributed generation penetration could have a considerable impact on the operation, 
control, protection and reliability of the existing power systems. Integrating DG units to the network at 
Medium Voltage (MV) and LV levels is changing power system architecture and operation, leading to 
several new challenges such as reverse power flows from MV to HV level.  

1.2 ANCILLARY SERVICES 
DERs are also gaining an important role when it comes to providing ancillary services to the network. 
The Ancillary Services Market (ASM) is where the TSO procures the resources needed for managing, 
operating, monitoring and controlling the power system [2]. Through this process, the TSO enhances its 
capability to control system frequency and voltages within operating limits, maintain the network 
stability and prevent black-outs. Traditionally, ancillary services are provided by generators connected 
to HV networks and consist of: frequency regulation, voltage control, spinning reserves, standby 
reserve, backup reserve, load following, real-time balancing, reactive power service, and others. In new 
deregulated electricity markets, these services are mandatory and should be competitive [2]. In the 
future, it is expected that distributed generation, together with demand response and storage 
connected to distribution grids, would be managed to provide more of these services to the whole 
power system. Operation of these DERs would require coordinated interfacing between TSOs and DSOs 
for efficient transmission and distribution grid management. DSOs could utilize DERs for the provision 
of local services such as congestion management, or they could facilitate the provision of services for 
the whole system by acting as active system managers. In addition, DSOs could be involved in the 
development of local markets as neutral market facilitator where they can support the participation of 
resources connected to the distribution grid to the flexibility market. If they are demanding or buying a 
system service, DSOs and TSOs should not be active as commercial service providers [3].  
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The involvement of DERs in providing ancillary services raises the need for an aggregating entity that 
will gather and coordinate a set of DERs to provide ancillary services to the ASM. In general, these 
aggregating entities sign contracts with the ancillary services market to provide them with a dedicated 
amount of resources over a period of time from the combined DERs in exchange for monetary 
compensation. Aggregators can provide a vast range of ancillary services based on the availability of 
different types of DERs in their portfolio. In this context, solar PV installations can be aggregated from 
different households that have installed them in order to provide reactive power support to the ASM. 
Batteries from PHEVs can be aggregated to offer controllable load for energy peak shaving during peak 
hours and load-levelling at night. Ultimately, the aggregator makes it possible for small DERs to 
participate in the ASM while reducing the number of participants, which would in turn lower the number 
of transaction on the ancillary services market and hence reduce the clearing algorithm congestion risk. 
Aggregators can also reduce the risk of non-delivery that could be high in the case where separate DERs 
enter the ASM. In this case, aggregators that have access to a large portfolio of DERs could better 
guarantee service delivery at the time of need. 

 

2 GENERAL OVERVIEW OF EU REGULATION 

This section aims at providing an overview of the updated European energy regulatory landscape. It 
highlights latest policy developments, and more especially the Clean Energy for all European Package’s 
provisions most likely to impact distribution system operators (DSOs) activities. 

2.1 EVOLUTION OF THE EUROPEAN ENERGY SECTOR 
European electricity markets historically entailed a vertically integrated structure where a single or very 
few state-owned entities were in a situation of monopoly on all steps of the energy supply chain. 
Whereas this market structure enabled the national energy sector to be at the entire service of public 
policy carried by the Member States, it also exhibited potentially harmful inefficiencies for the 
development of the industry, especially in the context of a growing demand for electricity. During the 
last two decades, the European energy sector went through a mutation process carried out gradually 
by the consecutive adoption of the Energy Packages. The liberalization of national energy markets, the 
emergence of a single European energy market and the massive deployment of renewable and 
decentralized energy resources are triggering the mutation of the whole energy value chain. 

The First Energy Package adopted in 1996 set the basis of the market liberalization and established 
common rules for the national electricity markets. Considering the pros and cons of unbundling network 
industries, the European Commission had to integrate the potential pitfalls of liberalizing the energy 
sector and develop and consistently update its regulatory strategy. The Second Energy Package, 
adopted in 2003, required the legal and functional unbundling of naturally monopolized activities 
(transmission and distribution) from the competitive activities (generation and retail). This measure has 
been the first step towards the end of established national monopolies. From then on, network system 
operators were at least legally independent entities from the previous upstream (and/or downstream) 
monopolies. In spite of the success of these legislative measures to introduce competition in the 
formerly monopolized markets, the electricity sector was exhibiting a too high level of concentration 
(due to a still insufficient level of unbundling, and the existence of a large captive customer bases) and 
a lack of cross-border trade, which was one of the main goals of the liberalization process.  

The Third Energy Package adopted in April 2009, set the basis to open up the internal energy market 
through: 
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• further unbundling of energy suppliers from network operators 
• the creation of European Network for Transmission System Operators (ENTSO-E) for an 

enhanced cross-border cooperation between TSOs 
•  increased transparency in retail market to benefit consumers 

In 2014, the EU was still importing 53% of its energy [4], at a cost above 1 billion Euro per day, putting 
the supply of energy to end-users at risk in case of geopolitical shocks. The Energy Packages had 
succeeded in harmonizing national energy markets, but the single European energy market still had not 
emerged. Retail markets were exhibiting too low levels of transparency for consumers, as well as too 
low supplier switching rates. Energy poverty, understood as the inability to afford a reasonable level of 
indoor thermal comfort, was still affecting a significant portion of citizens. Energy infrastructures, as 
well as energy market design needed to be upgraded as so to enable the large-scale deployment of 
renewable technologies.   

In February 2015, the European Commission published a communication presenting its framework 
strategy to meet those challenges and encompassing energy transition policy. 

This framework strategy, called the Energy Union is composed of five dimensions:  

• Energy security, solidarity and trust 
• A fully integrated European energy market 
• Energy efficiency contribution to moderation of demand 
• Decarbonising the economy 
• Research, innovation and competitiveness 

Meanwhile, the extensive work of the Intergovernmental Panel on Climate Change (IPCC) on the effect 
of global warming and the conclusion of the Paris Agreement triggered the adoption of, or at least a 
movement toward, public policies favouriting energy production based on renewable sources. 
Consequently, a massive deployment of renewable energy sources could be observed during the last 
decade at a global scale, often materialized into decentralized energy resources (DER).. Additionally, the 
development of new market models and new consumption habits and philosophy further complexifies 
the interaction of energy system components. Relying more on RES technologies, which for most of 
them are by nature intermittent energy sources, requires the multiplication of flexibility means. This 
translates into the development of new grid components (storage infrastructure, energy converters, 
smart metering systems, etc.) as well as the much wider and continuous use of information about the 
current (real-time) state of those grid components. 

2.2 OUTLINE OF THE CLEAN ENERGY FOR ALL EUROPEANS PACKAGE 
The Commission hence elaborated a set of eight legislative texts, submitted to the European Parliament 
in 2016 and fully adopted in May 2019. The Clean Energy for all Europeans Package, the fourth legislative 
package of the EU, is intended to address the Energy Union’s objectives and the challenges of the 
climate crisis while leveraging the technologies and market trends occurring in the energy sector. 
Therefore, the provisions of its Directives and Regulations foster the large-scale rollout of renewable 
energy sources, energy efficiency measures and technologies, and update the design of energy markets. 

• Energy Performance in Building Directive1: This Directive is the legal basis for the promotion of 
energy performance of buildings’ improvement; it set-up minimum requirement to the energy 
performance of buildings, regular inspection of heating and air-conditioning systems as well as 

 
1 https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=CELEX:32018L0844 

https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=CELEX:32018L0844
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the establishment of independent control systems for energy performance certificates and 
inspection reports. It defines a common general framework for a methodology for calculating 
the integrated energy performance of buildings and building units and requires Member States 
to draw up national plans for increasing the number of nearly zero-energy buildings 

• Renewable Energy Directive2: This Directive sets a biding target at the EU and national levels 
for the overall share of renewable sources in the final consumption of energy by 2030. It also 
establishes a common framework for the promotion of energy from renewable sources; it lays 
down rules on financial support for electricity from renewable sources, guarantees of origin 
and it also establishes greenhouse gas emission savings criteria for biofuels bioliquids and 
biomass fuels 

• Energy Efficiency Directive3: This Directive aims at implementing the energy efficiency first 
principle4, providing a common framework for the implementation of measures to ensure the 
completion of EU targets on energy efficiency of 20% by 2020 and 32.5% by 2030.  

• Internal Market for Electricity Directive5: This Directive updates common rules for the 
generation, transmission, distribution, energy storage and supply of electricity and rules 
relating to the organisation and functioning of the European energy sector. 

• Governance Regulation6:  This Regulation establishes governance mechanisms to implement 
measures to meet the objectives of the Energy Union, to stimulate cooperation between 
Member States, and to contribute to greater regulatory certainty. 

• ACER (Agency for the Cooperation of Energy Regulators) Regulation7 updates the rules related 
to the organisation, tasks, and liabilities of the European Union Agency for the Cooperation of 
Energy Regulators.  

• Risk Preparedness Regulation8: This Regulation emphasizes the need for the cooperation and 
solidarity of Member States and establishes a common framework of rules in order to prevent, 
prepare for and manage energy. 

• Internal Market for Electricity Regulation9 updates the fundamental principles of functioning 
of energy markets, so as to serve the purpose of the Energy Union such as the uptake of 
renewable generation technologies, empowering consumers and the emergence of the fully 
integrated wholesale market. 

 
2 https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=CELEX:32018L2001 
3 https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=uriserv%3AOJ.L_.2018.328.01.0210.01.ENG 
4 The « energy efficiency first » principle defined by Article 2 of the Governance Regulation and consist in “taking 
utmost account in energy planning, and in policy and investment decisions, of alternative cost-efficient energy 
efficiency measures to make energy demand and energy supply more efficient”.  
5 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L0944 
6https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG&toc=OJ:L:2018:328:FULL 
7 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.158.01.0022.01.ENG 
8 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.158.01.0001.01.ENG 
9 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019R0943 

https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=CELEX:32018L2001
https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=uriserv%3AOJ.L_.2018.328.01.0210.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L0944
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG&toc=OJ:L:2018:328:FULL
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG&toc=OJ:L:2018:328:FULL
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.158.01.0022.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.158.01.0001.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019R0943
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FIGURE 1: IMPLEMENTATION TIMELINE OF THE CLEAN ENERGY FOR ALL EUROPEANS PACKAGE 10. 

2.3 MAIN PROVISIONS LIKELY TO IMPACT DSO ACTIVITIES 
The opening of energy markets (supply, balancing, etc.) to a broader range of actors (end-consumers 
and prosumers) requires network operators, and more especially DSOs as most of these new market 
actors are located at the distribution level, to provide grid connections that suit the needs of its users. 
The increase of hosting capacity is hence required and will constitute a considerable challenge for grid 
planners. 

The energy community (EC) and models of self-consumption (individual and collective) have 
considerable implications for DSOs, as most of those operate generation units located at the distribution 
level. More multi-directional power flows will impose more constraints on distribution grids (e.g. 
congestion) while less power will be imported from the high-voltage networks, hence reducing the 
volume of energy on which network charges can be imposed. To ensure that consumers not belonging 
to ECs do not unfairly bear the cost of this new type of usage, network operators will have to redefine 
network tariffs (cost-reflective, non-discriminatory and non-disproportionate) applicable to those 
usages, while ensuring that it contributes to the uptake of ECs.  

The large-scale deployment of RES is essential to reach the 32% target of energy consumed from 
renewable by 2030. However, the dominance of generation units relying on intermittent sources calls 
for the reinforcement of system flexibility and balancing means. The openness of the related markets 
to more actors and prioritization of carbon-neutral means to provide such services are the main updates 
brought by the CEP. However, the provision of flexibility services remaining a market-based activity, the 
CEP set the principle (and exemptions) under which DSOs are precluded to own and operate storage 
units. To face this double challenge, DSOs must embody the role of market facilitators, so as to ensure 
that all existing resources lying within their coverage area can improve the reliability and efficiency of 
distribution systems.  

 
10 While Regulations are applicable in national legal systems as of their entry into force, Directives require 
legislators to transpose their provisions in national law to be applicable. Hence the dates mentioned for the 
Directives correspond to their respective transposition deadline.  
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The electrification of the transport sector is a priority to achieve the decarbonization of our economies. 
The systematic installation of EV charging stations – in public spaces as well as in end-customers 
premises – hence became a requirement. But the ownership and operation of EV charging stations being 
a market-based activity, the CEP provides that DSOs may supply these services only where the private 
sector fails to address the needs. While the rollout of charging stations is likely to increase pressure on 
the financing and operation of distribution grids, it enables the integration of technologies showing 
potential for the provisions of flexibility means (e.g. V2G – vehicle-to-grid).  

The digitalisation of the markets and grids is a prerequisite to increase energy efficiency and to empower 
consumers. The first step of this digitalisation process is the acquisition and use of short time-frame 
(real-time) data. While it allows consumers to better understand and manage their consumption, it will 
also enable a greater consistency between wholesale and retail markets. The adoption of a shorter time 
frame for energy markets with an appropriate settlement process will bring more liquidity and enhance 
market efficiency. In most Member States the ownership, installation and management of smart meters 
are a DSO-led activity. DSOs are thus put at the forefront of the energy sector mutation and should seize 
this opportunity to lead the way toward the digitalisation area.  

The future of the energy sector will be largely framed accordingly to the developments occurring at the 
distribution level. Consequently, the CEP establishes the EU DSO entity, whose main role is to increase 
the representativeness of DSOs, promote the coordination of operation and planning of distribution 
and transmission networks, contribute to the digitalisation of distribution systems and participate in the 
development of network codes. 

2.4 ENERGY EFFICIENCY 
Energy efficiency is one of the main pillars of the European Union strategy against climate change. 
According to the International Energy Agency, half of total global energy investments should be directed 
to energy efficiency if we want to stay under two degrees of global warming. Despite the economic 
profitability of energy efficiency, improvements in efficiency enhancing technologies, and the 
promoting efforts done by the EU, the European energy efficiency target set out in the 2012 Energy 
Efficiency Directive (20% energy efficiency) is likely to be missed.  

Governance Regulation defines the “energy efficiency first” principle as the principle under which 
energy planning, policy and investment decisions shall take utmost account of alternative cost-efficient 
energy efficiency measures so as to achieve the objectives of these decisions.  

Article 7 of the Energy Efficiency Directive obligates Member States to achieve each year energy savings 
of 1.5% of annual energy sales until 31 December 2020 and of 0.8% of annual energy savings from 1st 
January 2021 to 31 December 2030. In that regard, article 7a of the Energy Efficiency Directive provides 
that Member States may fulfil their obligation by way of an energy efficiency requirement scheme and 
designate DSOs, as well as energy retailers, as compelled parties with regards to the obligation of 
achieving energy savings. 

2.4.1 TRENDS AND BARRIERS  

The International Energy Agency estimates that two thirds of economically profitable investments on 
energy efficiency will remain untapped by the year 2035 [6]. One study about energy efficiency in 
Europe identifies some of those barriers as follows [5]:  

• Financing. Typically, energy efficiency investments represent lump up-front costs and benefits 
spread over a payback period which may sometimes be long. Furthermore, the benefits are 



D2.1 

20 

 

subject to uncertainty due mainly to varying energy prices. Thus, the needed capital may not 
be available to finance these kinds of projects.  

• Inadequate price signals. Electricity tariffs may not capture the capacity benefits of energy 
efficiency. Thus, even if energy efficiency projects benefit the electric system as a whole, 
electricity tariffs may prevent end-users from reaping the benefits.  

• The landlord-tenant problem.  The problem here is that while tenants would like to minimize 
their electricity bill, land-lords, who would need to invest in energy efficiency, benefit little from 
them.  

• Lack of awareness and knowledge. End-users of electricity may not be aware nor care about 
going through the trouble of implementing energy efficiency measures. 

The study proposes the following measures to promote energy efficiency and overcome the 
implementation barriers.  

• Set appropriate indicators and targets. These should be simple to assess and communicate. 
• Promote product standards and labels. 
• Unleash the energy efficiency potential of buildings including with energy performance 

certificates and new financing approaches.  
• Mobilize retail consumers by informing them (e.g. with consumption and progress feedback) 

and convince them to be proactive in energy reduction. An effective tool to collect information 
and to produce feedback are smart meters. According to a study about smart electricity 
metering [8], smart meters allow consumers to better control their energy use and detect 
abnormal consumption patterns.  

• Adjust price signals to properly reward energy efficiency. For example, with a carbon tax and 
white certificates.  

• Facilitate financing of energy efficiency measures through public funding, innovative financing 
mechanisms, and incentives to small and medium enterprises.   

2.4.2 ENERGY EFFICIENCY AND THE GRID 

Energy efficiency not only provides savings for the consumers but it also delivers benefits to the electric 
system as a whole. For example, energy efficiency leads to a lower demand which in turn reduces the 
need for energy supply, transmission, and distribution. This means reduced carbon emissions (especially 
in fossil fuel-intensive systems) and lower utilization of grid assets.  

However, while energy efficiency measures have a positive impact when it comes to being cost-
effective, their implementation means lower revenues to utilities, suppliers, and DSOs. This could still 
be perceived as a positive impact if the lower revenues are proportionate to the lower supply costs and 
carbon costs induced by energy efficiency. However, volumetric-oriented grid tariffs (i.e. per kWh) tend 
to pose a problem since lower energy sales mean lower revenues to cover fixed costs. This is one of the 
reasons why many experts favour multi-component grid tariffs (e.g. energy, demand, and per-customer 
components) over volumetric tariffs.  

Energy efficiency leads to a reduced long-term cost of electricity since it tends to lower the need of 
expensive peaking power plants. While on the short-term these plants need to be maintained, on the 
long-term, energy efficiency (all else equal) tends to relieve the need for them. However, for the long-
term costs to be minimized, grid planners and DSOs should take into account energy efficiency in their 
menu of planning options. Just like traditional planning considers new power plants or transmission 
lines to cover extra load, efficient planning should consider the possibility of deploying energy efficiency 
measures to avoid or delay investments on new infrastructure.  
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3 RENEWABLE ENERGY SOURCES 

3.1 CONTEXT 
Renewable energy sources have increased in number rapidly in the past decade due to strong policy 
support and sharp cost reductions, especially in the case of solar photovoltaics and wind power. The 
electricity sector remains the brightest spot for renewables with the strong growth of solar PV and wind 
energy in recent years, along with the already significant contribution of hydropower. Total renewable 
electricity capacity in the world increased by 178 GW in 2018, similar to the net capacity added in 2017.  
After slowing down in 2018, global annual capacity additions resumed growth in 2019. Renewable 
energy generation exceeded 6700 TWh (terawatt-hour) globally in 2018 and renewable power capacity 
is set to expand by 1200 GW between 2019 and 2024, the equivalent of the total installed power 
capacity of the United States today. As seen in Figure 21, Solar PV alone accounts for almost 60% of the 
expected growth [9]. 

 

 

FIGURE 2: GLOBAL RENEWABLE CAPACITY GROWTH FORECAST 2019-2024 BY TECHNOLOGY [9]. 

 

Similarly, in Europe, energy supply has been facing significant changes where investments in RES have 
been increasing. According to the IEA, renewable energy capacity in the EU is expected to grow by 
almost 50% from 124 GW in 2018 to reach 182 GW in 2024. Some of the reasons behind this fast growth 
are the emission reduction potential that RESs retain as well as their contribution to decreasing reliance 
on foreign energy imports. These have lead the EU to encourage their usage and to put in place 
supporting mechanisms for their growth. In fact, the renewable energy directive established a new 
binding target for the EU to reach at least 32% renewable energy by 2030 with a clause for a possible 
upwards revision by 2023 [10]. This indicates a further growth of renewables penetration across all 
sectors in the EU, including the electricity sector which has witnessed a 9% yearly increase on average 
between 2005 and 2017 [11]. 

697

309

121

43

41

9

877

377

158

54

56

12

0 100 200 300 400 500 600 700 800 900 1000

Solar

Onshore Wind

Hydropower

Offshore wind

Bioenergy

Others

Main scenario Accelerated scenario



D2.1 

22 

 

Solar energy is the fastest growing electricity generator from RES in the European Union and worldwide. 
Implementation of solar PV systems in low-voltage grids has increased in recent years and future 
perspectives account for it to keep growing (see Figure 23). Distributed solar PV systems in homes, 
commercial buildings and industries are set to take off worldwide. According to the IEA, distributed PV 
capacity is forecast to increase by 320 GW, almost half of the total anticipated global PV growth with a 
similar expansion expected for onshore wind. In the EU, the anticipated growth of distributed solar PV 
lies between 50 and 70 GW for the period from 2019 till 2024 (see Figure 24) [9]. 

The fast decline in Solar PV system prices due to several technological advancements and a high level 
of commercialization made them a competitive solution for distributed energy production. With the 
increasing penetration of distributed solar PV, DSOs find themselves facing the relevant challenges that 
arise when it comes to integrating these sources to the network which is in turn leading them to seek 
new and innovative methods to change their traditional business models and cope with the changes. 

 

 
FIGURE 3: SOLAR PV ANNUAL ADDITIONS BY SEGMENT, MAIN AND ACCELERATED, 2013-2024 [9]. 

 

 
FIGURE 4: DISTRIBUTED SOLAR PV CAPACITY GROWTH IN THE EU (GW) [9]. 
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3.2 REGULATION 
The article 31 of the Electricity Directive, dedicated to the tasks of DSOs, entitles Member States to 
obligate DSOs to favour renewable production units when dispatching generating installations. Whilst 
this provision is not legally binding, it is rather likely that Member States incorporate it in their energy 
strategy so as to foster the uptake of renewable energy sources.   

To facilitate access to distribution networks for small-scale renewable production units (with a 
generation capacity of 10.8 kW or less), the Renewable Energy Directive, in its article 17 provides that 
Member States shall establish a simple-notification procedure for grid connection. DSOs will then have 
to address the request for connection, and to effectively connect the production unit in case of a 
positive decision, in a shortened time frame (one month, as explicitly stated in this article). According 
to this article, Member States are allowed to extend the scope of the simple-notification procedure to 
production units with a capacity of up to 50 kW, provided that grid stability, safety and reliability are 
maintained.  

3.3 TRENDS AND BARRIERS 
The introduction of distributed renewable energy generators in the electricity grid implies a number of 
challenges for energy suppliers and utilities. One of these challenges is the increased risk for grid 
congestion issues due to the integration of large amounts of solar panels and wind turbines to the 
existing grid. Several European countries are already reporting problems with respect to RES 
integration, ranging from dynamic stability issues and short-circuits to transmission network expansion 
and operational reserve requirements. While some countries, such as Germany and Spain, have been 
constantly upgrading the technical requirements for newly installed generation to cope with the 
changes, others, such as Ireland, introduced additional new services (negative reserve) to maintain the 
stability of the system [12].  

Multiple studies show that, with the increase of RES penetration, the need for balancing services 
increases in order to mitigate the stochastic nature of wind and solar production. One study shows that 
the balancing requirements could increase by 2% to 9% [12]. It is important to note, however, that the 
type of services that need to be increased due to increased RES penetration levels differ depending on 
the source. In all cases, DSOs would have to cope with these higher levels by relying on new and 
enhanced operational models or procuring services from system flexibility providers. 

In the traditional planning methodology of DSOs, they usually forecast possible risks on their networks 
by determining worst-case scenarios and calculating their probability of occurrence. Once these risks 
are identified, the DSO would invest in network reinforcement solutions such as adding or upgrading 
equipment. Nowadays, the least-cost approach would be to deploy Active Network Management (ANM) 
techniques, such as demand-side management (DSM), to mitigate all types of risks. Another solution on 
the rise is Active Distribution System Management (ADSM), which aims at optimally operating 
distribution network assets with a high penetration of RES and DERs while taking into account 
operational uncertainties, market constraints, and scheduled power flows at the interface with the 
transmission system [13].  

In the future, the increased penetration of RES could lead to further network enhancement 
requirements by the DSOs especially for the case when a large proportion of these RES comes from 
distributed sources. However, the growth of renewables is also driving the development of batteries 
and other DERs which in turn could represent the solution to many of the network problems through 
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the ancillary services that they could provide, hence reducing the need for substantial capital 
expenditures, as explained in previous chapters of this report.  

4 FLEXIBILITY 

4.1 CONTEXT 
The International Energy Agency (IEA) defines power system flexibility as  

“the extent to which a power system can modify electricity production or 
consumption in response to variability, expected or otherwise. In other words, it 
expresses the capability of a power system to maintain reliable supply in the face 
of rapid and large imbalances, whatever the cause.”  

Today, flexibility is perhaps the most sought-after resource in electric networks for several reasons. In 
the first place, ambitions of decarbonizing the grid will require significant increases in power system 
flexibility, as integration stochastic RES needs to be accompanied by enhancements of the ability of the 
power system to keep supply and demand in balance. In addition, flexibility can be translated to short 
and long-term cost savings for the system. In the short-term, flexible demand can be shifted to low-cost 
time period and flexible generation can be utilized to reduce the reliance on expensive generators. On 
the long-term, the load curve can be flattened to increase the load capacity factor and reduce the need 
for peak generators that are only used a few hours per year. Moreover, these system benefits can be 
passed down to consumers. For example, flexible consumers could choose to consume during low-
priced hours or to shave their peak demand. Flexibility could even benefit passive consumers (non-
providers of flexibility) since in the long-term, a more cost-effective system should lead to lower 
electricity prices. 

4.2 REGULATION  
Article 32 of the Electricity Directive requires Member States to develop an incentivizing framework for 
the procurement of flexibility services (including congestion management) by DSOs to improve the 
efficiency of network operations. The said regulatory framework shall ensure that DSOs can procure 
such flexibility services from providers of distributed generation (DG), energy storage, and demand 
response (DR). The procurement of flexibility services shall alleviate the need to upgrade the capacity 
of the network. Unless proved by the regulatory authority that the procurement of the flexibility service 
would not be economically efficient or would lead to market distortions, the procurement of these 
services must happen following transparent, non-discriminatory, and market-based procedures. 

Article 36 of the Electricity Directive sets the principle under which DSOs shall not own, manage, or 
operate energy storage facilities. Nonetheless, derogation may be granted by Member States if: 

• The storage unit is used for the sole purpose of ensuring the reliable and secure operation of 
the network and not for balancing or congestion management; 

• The storage unit is assessed as necessary by the regulatory authority to ensure the efficient, 
reliable, and secure operation of the distribution network, and no other parties have been 
awarded the right to own, manage, or operate such storage units following a tendering 
procedure. The regulatory authority must grant its approval for such an exemption to apply.  
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If an exemption is granted under the second situation, the regulatory authority shall perform, at least 
once every five years, an assessment of the potential availability and interest of other parties to own, 
develop, manage, or operate electricity storage facilities. In the case where third parties show interest, 
the activities of the DSOs in this regard shall be phased out within 18 months.  

4.3 TRENDS AND BARRIERS  
The introduction of RES in power systems is the main driver for the need of flexibility. Traditionally, 
conventional generators supply electricity to inflexible loads. However, RES production is uncertain, 
intermittent, and largely uncontrollable. The uncertainty of production creates the need for 
commitment from additional generation resources to compensate for the unexpected loss of RES 
production. Alternatively, flexible demand can act in response to RES over-production (e.g. by increasing 
consumption) or under-production (e.g. by curtailing demand). However, as pointed out in a study 
about solar and wind integration in Europe [14], even if we had perfect generation forecasts, the 
presence of wind and solar in the generation mix will increase the need for ramping by controllable 
resources. A common depiction of this problem is the “California Duck Curve” that illustrates how solar 
production in the middle of the day exceeds the demand, while in the afternoon, as solar production 
diminishes and demand goes up, an extreme net demand ramp appears (see Figure 25). Finally, while 
solar and wind generators can be controlled by curtailing production, this is not an ideal solution since 
the “fuel” (wind and sunlight) used for generation is free. 
 

 
FIGURE 5: THE "CALIFORNIA DUCK CURVE" SHOWING OVERGENERATION RISK AT AROUND NOON AND STEEP 

RAMPING NEEDS IN THE AFTERNOON (DIMKOVAB, HAMACHERA, & HUBERA, 2014). 
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FIGURE 6: RENEWABLE ENERGY PENETRATION INDEX (REPI) FOR EU MEMBER STATES FOR 2020 AND 2025. 

[15] 11.  

 
FIGURE 7: 99TH PERCENTILES OF 1-HOUR AND 6-HOUR NET LOAD RAMPS AS A FUNCTION OF THE VARIABLE 

GENERATION PENETRATION LEVEL AND THE SHARE OF PV IN THE WIND/SOLAR PV MIX [16]. 

 
In line with an increase in renewable energy penetration, flexibility requirements in Europe are expected 
to increase in the coming years. As shown in Figure 26, the share of RES generation to total generation 
is expected to increase in almost every EU member state, with some dramatic increases forecasted in 
some cases such as that of Great Britain. Figure 27 shows how the ramping requirements tend to 
increase as a function of RES penetration.  

 
11 The y-axis represents the average ratio of renewable to total generation. The size of the circle is the standard 
deviation over 25 meteorological scenarios 
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There are four main sources of flexibility in modern power systems:  
 
Generation (traditional controllable generators): 
It is today the most common source of flexibility. As previously mentioned, grids have historically been 
planned for traditional generators to follow fluctuations of inflexible loads. Until now, the RESs that have 
come online in the past decade or two have been enabled mainly by such flexibility from natural gas 
plants. However, flexibility from controllable generation has significant drawbacks. First, it detracts from 
the goal of decarbonizing our electricity. Second, building new generators requires significant capital 
expenditures. Finally, it requires “overcommitting” and cycling generation, i.e., constantly changing 
generation output, which reduces the conversion efficiency of fossil fuel generators.  
Load (demand-side management): 
It is an important source of flexibility. While much of the load is inflexible (e.g. most electronic loads, 
hospital equipment, electric stoves), an important portion of the load may be able to be advanced or 
postponed. For example, thermal inertia and storage can be used to shift heating or cooling load [17]. 
Those industrial processes which are suitable, are already being postponed in response to monetary 
incentives. Moreover, some of the load can be shifted with little to no cost (financial or comfort) to the 
end consumer. Fundamentally, exploiting the flexibility of the load, which was not previously being done 
due to the lack of technical ability or financial incentives, can lead to a more economical use of 
resources.  
Curtailment of RES productions: 
Another way to control RES to some extent. For instance, we could operate a solar farm at 80% of 
capacity and increase production if there is a generation deficit or we could curtail further if there is a 
generation surplus. While this could be beneficial and even indispensable to the system, that 20% 
curtailment means throwing away free energy. During periods of very high wind availability, Spanish 
Wind farms can operate temporarily at reduced power providing both, controllability and curtailment 
of over-generation12. It should be noticed here that low inertia of wind power combined with fast power 
electronics, provides very fast ramping capability, which is similar to classical spinning reserve. 
Energy storage: 
It has been proven to be an important source of flexibility. Some examples are pumped hydro storage, 
battery energy storage, flywheels, and thermal storage (although thermal storage can also fall into the 
category of load flexibility).  
Although not a source, geographical dispersion and interconnections tend to increase the flexibility of 
power systems and reduce the need for it. A more interconnected system is able to make better use of 
and share resources. Additionally, geographical diversity tends to flatten loads (especially if the load is 
spread across different time zones) and reduce the variance of RES generation. In this context, 
transmission losses and high investments are the main drawbacks. 
 

Tapping into the distribution level, flexibility sources are desirable for a number of reasons but pose an 
important set of challenges. As previously mentioned, traditional sources of supply-side flexibility such 
as gas generators involve large capital expenditures. On the other hand, some classes of DR only require 
relatively cheap ICTs to be enabled. However, despite low investment costs for DR, coordination and 
control is still a challenge. For one, any individual DR provider is too small to be significant so aggregation 
and coordination is necessary to have an impact on the system. More generally, DSOs will need to 
expand their roles and coordinate with TSOs to manage flexible resources in LV networks. A consortium 

 
12 S. Martín-Martínez, E. Gómez-Lázaro, A. Molina-Garcia, A. Vigueras-Rodriguez, M. Milligan, and E. Muljadi, 
“Participation of wind power plants in the Spanish power system during events,” in 2012 IEEE Power and Energy 
Society General Meeting, pp. 1–8. 
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of DSOs have provided a list of recommendations to enable their efficient management of flexibility in 
LV networks [18]. Among them are the following: 

• Ensuring that DSOs can act as neutral market facilitators for the procurement of flexibility 
(among other market-based activities). 

• Incentivize DSOs to use flexibility for congestion management.  
• Enable DSOs to choose the best and most cost-effective technologies (preferably through 

market-based mechanisms).  
• Support the development of new distribution network tariff structures that are cost 

reflective.  
• Ensure that flexibility products include locational information.  
• Implementation of data exchange protocols between TSO, DSO, and flexibility providers. 

 

5 PLANNING AND OPERATION  

5.1 CONTEXT 
Like other aspects of the electric industry, long-term planning is also being affected by the increased 
presence of DERs in low-voltage networks, grid decarbonization, and smart grid technologies. 
Traditionally, long-term planning of electric networks meant ensuring that enough generation and 
transmission capacity was present to meet a fixed and usually growing demand. Resource adequacy was 
ensured by committing, either through direct investment or market signals, enough generation at the 
correct locations in the system to meet demand. With the increasing penetration of DERs in low-voltage 
networks and increasing strides to form an integrated European energy market, resource adequacy 
assessment and planning methods are consequently expected to evolve in the coming years. 

In this section, we discuss the drivers and trends in long-term planning for electric utilities. We also 
introduce and discuss the emerging concept of “Utility 2.0.” While the concept is loosely defined and 
not agreed upon, it refers to how electric utilities could diversify from their core activity of delivering 
energy to consumers. The change in business model is driven by different factors such as the 
introduction of DERs, changing consumer expectations, and the push for the decarbonization of the 
electric system.  

5.2 REGULATION  

5.2.1 RESOURCE ADEQUACY ASSESSMENTS 

The Electricity Regulation establishes (Articles 23 and 24) resource adequacy assessments that should 
be performed at the European level, national level and bidding zones level where relevant. This 
assessment shall evaluate the overall adequacy of the electricity system to supply current and projected 
demands for electricity and identify the possible concerns and threats with regards to the system 
adequacy. This assessment shall cover each year over 10 years and will be performed by ENTSO-E on an 
annual basis. Article 23 requires producer and “other market participants” to provide TSOs with data 
regarding expected utilisation of the generation resources, taking into appropriate scenarios of 
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projected demand and supply. In that regard, it might be expected that DSOs, as parties responsible (in 
most Member States) for the management of metering data for production and consumption of 
electricity in their respective coverage areas, and according to article 57 (cooperation between TSOs 
and DSOs), will have to provide TSOs with the requested data. 

5.2.2 PUBLICATION OF NETWORK DEVELOPMENT PLANS 

Equally, Article 32 of the Electricity Directive provides that DSOs should publish and submit to the 
regulatory authority, at least every two years, their network development plan which shall serve as the 
basis for the development of their network. The DSOs shall enter in consultation with all relevant system 
users and transmission system operators when designing their development plan. The result of said 
consultation shall be made publicly available. The network development plan shall set out: 

• The planned investments for the next five-to-ten years 
• The required distribution infrastructure for the connection of additional loads (including EV 

recharging points) and generation capacities 
• The medium and long-term flexibility needs 

Member States may exempt integrated electricity undertakings that serve less than 100,000 customers 
or which serve small isolated systems from the network plan requirement.  

5.2.3 THE EU DSO ENTITY 

In order to promote the cooperation of DSOs at the Union Level, the completion of the internal 
electricity market and also the optimal management and coordination of distribution and transmission 
systems, Chapter IV of the Electricity Regulation enacted the creation of the EU DSO entity. All DSOs are 
entitled to become members and to participate either directly or through national-level or EU-level 
association to the activities of the EU DSO entity. Among the activities dedicated to the EU DSO entity 
following Article 55 are: 

• Promoting operation and planning of distribution networks in coordination with the operation 
and planning of transmission networks 

• Facilitating the integration of renewable energy resources, distributed generation 
• Facilitating demand-side flexibility and response and distribution grid user access to markets 
• Contributing to the digitalisation of distribution and supporting the development of data 

management, cybersecurity, and data protection 
• Participating in the development of network codes 
• Cooperating with the ENTSO for Electricity on the monitoring of the implementation of the 

network codes 
• Cooperating with the ENTSO for Electricity and adopt best practices on the coordinated 

operation and planning of transmission and distribution systems 

5.2.4 NETWORK CHARGES 

Article 18 of the Electricity Regulation dedicated to network charges recalls the principle under which 
charges for access, connection and use of the network must be transparent and cost-reflective. Design 
network tariff methodologies shall accurately reflect the cost of transactions for TSOs and DSOs and 
neutrally support systems efficiency over the long run. The network charges must not discriminate 
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positively or negatively between production units connected at the distribution level and production 
units connected at the transmission level, nor discriminate either positively or negatively against energy 
storage or aggregation. Network charges must not create disincentives for self-generation and self-
consumption or participation in demand response. Equally, distribution tariffs shall provide incentives 
to DSOs for the most cost-efficient network operation and development. This article recalls the 
possibility of distribution tariffs to include capacity elements and their differentiation based on system 
users’ generation profile and load. Furthermore, national regulatory authorities are directed to consider 
time-differentiated network tariffs where the rollout of electricity smart meters has been completed.  
According to this article, and to mitigate the risk of market fragmentation, ACER is requested to publish 
best practice report on transmission and distribution tariff methodologies every two years. A first report 

[19] investigating transmission tariffs has been published in December 2019. To this day the mirror 
report for distribution tariffs has not been published yet. In light of these provisions, national regulation 
authorities now have to design distribution network tariffs enabling energy markets openness and 
active customers’ practices (described in the following sections) enacted by the CEP. These relate for 
instance, and not exclusively, to: 

• Self-generation and self-consumption; 
• Energy communities; 
• Access to distribution networks by third-parties. 

5.3 TRENDS AND BARRIERS 

5.3.1 RESOURCE ADEQUACY ASSESSMENTS 

The Regulatory Assistance Project (RAP) identifies two major sources of inefficiencies in current 
resource adequacy planning in Europe: a lack of international planning coordination and the underuse 
of demand response and energy efficiency during long-term planning [20]. The author cites national 
deficits of generation capacity in some countries (e.g. Belgium, Denmark and Finland) while there is an 
overall generation capacity surplus in Europe but insufficient interconnection capacity to share it (e.g. 
to export it from Spain and Norway) as evidence of need for international planning coordination.  

 

 
FIGURE 8: PERCENT OF PEAK DEMAND FORECAST TO BE MET BY DEMAND RESPONSE IN RESOURCE ADEQUACY 

ASSESSMENTS. 
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Regarding demand response (DR) and energy efficiency, the idea is that load could be reduced and 
selectively curtailed to reduce the need for peak power plants and increase the overall efficiency of the 
system. Even if DR is deployed during operation, its benefits on long-term plans may be foregone if DR 
is not accounted for in resource adequacy planning. As shown in Figure 2, a significant number of 
countries do not consider nor plan to consider (at least by 2025) DR as means of meeting peak demand. 
Some countries are doing important work to increase the percentage of peak demand to be met by DR 
(e.g. Albania, Luxembourg, Northern Ireland). However, as shown in Figure 3, practically every EU 
member state has unused DR potential that could – at least in theory - be enabled and considered in 
long-term planning and resource adequacy assessments.  

 

 
FIGURE 9: DEMAND RESPONSE POTENTIAL IN EUROPEAN MEMBER STATES. 

 

Beyond DR and energy efficiency, utilities should take into account the presence of other types of DERs 
(e.g. energy storage, distributed generation, EVs) in their resource adequacy assessment and long-term 
plans. DERs are increasingly gaining trust as substitutes for conventional power sources and 
transmission capacity. Utilities planned to cope with and plan around DERs. Now, utilities are expected 
(and mandated by EU directives) to plan for the long term in a more proactive way to seize the technical 
and economic benefits of DERs. For example, Pacific Gas and Electric (PG&E) in California proposed to 
replace three power plants partly using  10 MW of behind-the-meter batteries [21]. Moreover, system 
operators will increasingly make use of DERs to relieve congestion and avoid transmission capacity 
upgrades. For example, the Open Networks Project in the UK, GOPACS in the Netherlands, and SINTEG 
in Germany are projects aiming at increasing flexibility to address congestion issues13. Naturally, to take 
full advantage of DERs, DSOs and regulators must ensure that DER control frameworks are in place, that 

 
13 https://energypost.eu/non-wires-alternatives-for-grid-expansion-what-the-u-s-can-teach-europe/ 
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local distribution networks can handle bi-directional flows, proper compensation for DERs, storage 
interconnection regulation is in place, among other measures [22].  

 

The second issue identified by the RAP is the lack of international coordination for resource adequacy 
assessments. To address this issue, the Clean Energy Package for All Europeans mandates ENTSO-E to 
develop a methodology for a European resource adequacy assessment. ENTSO-E has proposed a 
European Resource Adequacy Assessment (ERAA) package whose objective is to develop a common 
methodology for European, regional, and national assessments and to develop common adequacy 
indicators, regionally coordinated national security and supply standards.  

Going forward, we can expect resource adequacy assessments to start incorporating and modelling 
DERs into their calculations. Furthermore, we expect that the EU will continue pushing for these 
assessments to be done with increasing international cooperation. These two trends should lead to 
more cost-effective long-term planning of the European Generation Capacity stock.  

5.3.2 GRID MODERNIZATION AND MAINTENANCE  

We expect generation planning and resource adequacy assessments to increasingly acknowledge and 
take advantage of the benefits that DERs can bring. However, for DERs to be incorporated into 
distribution grids, without jeopardizing safety and reliability, grids throughout Europe will probably have 
to be modernized (e.g. IT infrastructure, advanced metering, distribution automation). Furthermore, 
studies suggest that grid modernization investments may lead to reduced operation and maintenance 
costs and increased reliability in many distribution networks (especially those with older equipment).  

Investments in grid modernization and smart grid infrastructure are expected to increase in the coming 
decade. The studies14,15 done by Northeastern Group estimate 120 billion Euro of smart grid 
investments in Western Europe and 25 billion in Eastern, Central Europe, and Turkey from 2017 to 2027. 
As shown in Figure 4 and Figure 5, the investment includes technologies such as energy storage, IT, 
home energy management systems (HEM) , wide-area measurement systems (WAM), distribution 
automation (DA), and advanced metering infrastructure (AMI), with WAM and AMI accounting for most 
of the investment.  

The drivers of these investments are mainly climate change-related as European nations have 
implemented strong decarbonization policies that require the deployment of smart grid technologies. 
In western Europe, barriers of adoption are relatively low given that the region is wealthy and its public 
generally supports green energy initiatives.  

Modernization of the distribution system is also crucial to increase the hosting capacity of DERs such as 
behind-the-meter energy storage, rooftop photovoltaics (PV), electric vehicles. In order to deploy DERs 
without compromising the reliability and security of the system, the distribution system must be able 
to cope with bi-directional flows, support EV load, properly regulate voltages, among others. 
Furthermore, advanced metering infrastructure is likely to be necessary to implement economic 
incentives and grid tariffs that promote short and long-term efficiency of a system with high DER 
penetration.  

 
14 http://www.northeast-group.com/reports/Brochure-Western%20Europe%20Smart%20Grid-

Market%20Forecast%202017-2027-Northeast%20Group.pdf  
15 http://www.northeast-group.com/reports/Brochure-

Central%20Eastern%20Europe%20and%20Turkey%20Smart%20Grid-Market%20Forecast%202017-2027%20-
%20Northeast%20Group.pdf 
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FIGURE 10: CUMULATIVE SMART GRID INVESTMENT FOR EASTERN EUROPE, CENTRAL EUROPE, AND TURKEY 

FROM 2017 TO 2027. 

 

 
FIGURE 11: CUMULATIVE SMART GRID INVESTMENT IN WESTERN EUROPE FROM 2017 TO 2027. 

 

 
FIGURE 12: DISTRIBUTION O&M COSTS AND OUTAGES PER CUSTOMER. 
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Utilities are also modernizing their grids to reduce costs, increase availability, and improve customer 
experience [23]. Older and less maintained grids require more expensive maintenance, not to mention 
their lower reliability (see Figure 6). Furthermore, utilities typically take customer satisfaction and 
reliability very seriously and evidence shows that while few consumers mind one or two outages every 
couple of months, many express dissatisfactions when this number is higher than three.  

The US-American utility NextEra Energy is a great example of the benefits that targeted infrastructure 
investment can bring to utilities. Through targeted investments on their grid, NextEra Energy has 
positioned itself as an industry leader in reliability and customer satisfaction. This has led not only to 
industry-wide recognition but also to provide high profitability and shareholder value [24].  

On the maintenance front, as previously mentioned, replacing old by new infrastructure inherently 
reduces maintenance costs. Furthermore, as in other areas of the electric power industry, artificial 
intelligence and data-driven processes are likely to reach into the maintenance scheduling of grids. By 
boosting data analysis for decision-making processes, utilities can exploit better their resources and 
increase the quality of their services.  

5.3.3 NON-WIRE ALTERNATIVES (NWA) 

Non-wire alternatives (NWA) is a term used to refer to the use of DERs to avoid traditional grid 
expansion (e.g., transmission lines, substations). In a nutshell, the idea behind DERs is that rather than 
investing in expensive (and usually legally complicated) grid expansion projects, DERs can be installed 
and operated to keep system limits within safe thresholds.  

As opposed to the U.S. where utilities are often vertically integrated, in Europe, the unbundling principle 
leads to difficulties in implementing NWA projects. Under unbundling, transmission and distribution on 
one side, and supply and generation on another side, must be separated activities, which leads to 
complicated questions of how the assets are controlled and who enjoys the benefits of NWAs. However, 
the new Electricity Directive explicitly recognizes the NWA value of DERs by stating that Member States 
must incentivize DSOs to “use services from DER such as demand response and energy storage, based 
on market procedures, in order […] to avoid costly network expansions.” 

5.3.4 UTILITY 2.0 

The concept of “Utility 2.0” is a loosely defined term that refers to the recent technology-driven 
evolution of the electric utility (distribution and supply) business. For example, according to [25], four 
core Utility 2.0 principles can be identified: 

• Reducing energy consumption through energy efficiency. This principle is opposed to the 
utilities and suppliers’ incentive of selling more energy, not less energy. This principle means 
that the business model of utilities would need to evolve as regulatory incentives. For example, 
a prominent vision is that regulatory incentives should encourage utilities and suppliers to 
deliver consumer value rather than energy (energy as a service). 

• Reduced carbon emissions through a transition from fossil fuels to renewables. This is very 
much in line with the previous principle. It is widely recognized that fossil fuels produce negative 
externalities (e.g. pollution and climate change). Thus, under the Utility 2.0 paradigm, the value 
of transitioning to renewable energies should be recognized.  

• Grid efficiency via a two-way, networked smart grid that uses demand response, local 
generation, and local resources. A big driver of the change in the utility business model is the 
introduction of distributed assets to the grid. In the traditional model, planning, 
communication, and energy flows are a one-way street: planning is done top-down, utilities 
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communicate with the consumers (e.g. their bill) with not much need for real-time consumer 
feedback, and energy flows from central generation to the load. In the new paradigm, the 
presence of edge-connected and behind the meter DERs will make effective top-down planning 
more complicated. There will likely need to be more active communication of information from 
consumers to the DSO. Relatedly, DERs will likely need to communicate with the DSO to securely 
and economically integrate with system operation. And finally, energy flows could be disrupted 
by distributed generation connected to the grid edges.  

• Grid flexibility to integrate large quantities of distributed and utility-scale renewables. Flexibility 
harnessing from the low-voltage side of the grid will be an important component in the 
decarbonization of the electricity supply and the integration of renewable sources. The 
regulatory framework should encourage utilities to take on this role (and possibly profit from 
it). 

In addition, the Utility 2.0 model could potentially involve a more engaged customer base. The increase 
of information access in several aspects of everyday life (e.g. transit information, online shopping, online 
reservation booking) could change customer’s expectations when interacting with the utility. Utilities 
and suppliers could experiment with and profit from providing easily accessible real-time or near real-
time information on energy consumption, cost, environmental impact, etc.  

While new technologies, decarbonization, and consumer expectations bring important challenges, 
utilities could capitalize on it. Utilities could gradually move away from the energy-selling business to 
energy services, such as: 

• Service provisions for energy communities. Utilities could provide transaction platforms and 
coordination schemes for behind-the-meter assets and demand response to form energy 
communities.  

• Energy management for consumers to better utilize their loads (e.g. with smart thermostats) 
• Providing relevant information (e.g. energy usage and prices) and present it in a user-friendly 

manner (e.g. via phone apps).  
• Providing modern and attractive rates and energy choices such as green electricity, real-time 

prices, peak demand reduction incentives, etc.  
• Higher levels of reliability for customers whose priority is the security of supply.  
• Aggregation of DERs and small prosumers for active participation in wholesale markets.  
• Peer-to-peer market enabling and management of retail markets.  

 

In [26], a set of elements is outlined, which is needed for a healthy transition to new utility business 
models. They are the following: 

• The foundational layer is the fundamental and most basic element of a utility. On the grid 
infrastructure side, it includes generation facilities, transmission and distribution, substations, 
etc. In short, the infrastructure that enables a utility to accomplish its most basic tasks of 
delivering energy to customers. It also includes basic ancillary infrastructure such as 
communication equipment, maintenance equipment, office space, basic control systems, etc. 
Finally, the foundation layer includes non-tangibles such as information and planning processes. 
To transition to the Utility 2.0 model regulation should adapt to, for example, allow prosumers 
to implicitly compete with established suppliers through peer-to-peer trading schemes. 
Moreover, new actors such as prosumers and aggregators that may perform more than one 
activity in the vertical supply scheme that the unbundling principle meant to avoid. It is 
important to rethink these principles and the regulation and adapt them to a new grid with 
numerous small players. Processes should adapt to include DERs, demand response, and other 
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active assets in the utility/DSO plans and cost allocation plans. Relatedly, grid tariffs should 
evolve and keep up with changes to ensure the financial sustainability of the system. As new 
components are added to the system and processes evolve, it will be important to proactively 
update engineering and planning standards.  

• The enabling layer of the envisioned Utility 2.0 are the elements that enable utilities and DSOs 
to go beyond their core activities. Enabling infrastructure includes new “intelligent” assets and 
information systems that may be common in other areas (e.g. high-tech industry) but are 
relatively new to utilities and DSOs. Some examples of this new infrastructure include advanced 
metering infrastructure, phasor measurement units, smart inverters, advanced controls, 
advanced reclosers, and switches, etc. Additionally, the enabling layer includes information 
systems and protocols that enable the seamless sharing of information and communication 
between diverse and numerous new and old grid elements.  

• The application layer of the proposed Utility 2.0 concept includes, on the one-hand, operator-
facing applications and interfaces that allow them to efficiently and securely operate a grid 
composed of new and legacy elements mentioned in the first two layers. These include real-
time control and awareness components for efficient grid control and monitoring. On the other 
hand, the application layer also includes consumer analytics and interaction software and 
applications. These allow the utility to have awareness of their customers and their actions and 
to improve customer experience.  

• Finally, the innovation layer is a set of practices that should focus on identifying business 
practices, solutions, market needs, regulatory and policy trends. This layer is responsible for 
incorporating these new developments into business practices. Some of the elements in this 
later include research and development, proof of concepts, demonstrations, and pilots.  

 

6 RELIABILITY AND POWER QUALITY 

6.1 METRICS FOR QUALITY OF SUPPLY 
Reliability and power quality are arguably the most important characteristics of electric supply. Since 
every aspect of economic and social life and national security is nowadays tied to electricity, national 
authorities have an interest in promoting and keeping a close eye on the reliability of the electric grid. 
More concretely and pertinent to day-to-day tasks, utility, DSOs, and TSOs are instructed to ensure an 
uninterrupted supply to avoid the disapproval from customers and politicians.  

According to [27], three broad aspects determine the quality of supply: 

• Continuity of supply (i.e. how uninterrupted the supply to end-consumers is)  
• Supply voltage quality 
• Quality of services to consumers.  

As we discuss in this section, although the third aspect is non-technical, it can also be quantitatively 
measured with suitable performance indicators.  

There are two main kinds of electric supply interruptions: planned and unplanned. Planned 
interruptions typically happen when a section of the transmission or distribution network is down for 
reparations, maintenance, or is affected by nearby construction of new infrastructure. Planned 
interruptions can also happen due to scheduled maintenance of power plants – although these are 
normally planned during off-peak times. Intermediate between planned and unplanned interruptions 
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are rolling blackouts. On the one hand, rolling blackouts can be planned days in advance (as opposed to 
weeks or months for planned interruptions) but typically happen due to inadequacy of supply in the 
system.   

Unplanned interruptions can be classified along two dimensions. The first is whether they are caused 
by “extreme events” such as storms, earthquakes, or terrorist attacks or simply by a malfunction or 
overwhelming of the system. The second dimension used to classify is the length of the interruption. 
Each country categorizes interruptions differently but in general, there are 3 categories: 

• Transient interruptions: less than 1 second 
• Short interruptions:  1 - 3 minutes 
• Long interruptions: longer than 3 minutes 

Several metrics (KPIs) are used by regulators and DSOs to monitor and quantify the reliability of supply. 
Among the most important ones are the System Average Interruption Duration Index (SAIDI), System 
Average Interruption Frequency Index (SAIFI, i.e. the average number of interruptions a customer can 
expect in a year), the expected energy not served (ENS), average unplanned average interruption time 
(AIT), minutes of supply lost per year, and the Momentary Average Interruption Frequency Index 
(MAIFI), this last one being most relevant for short interruptions.  

 
FIGURE 13: MINUTES OF SUPPLY LOST PER YEAR DUE TO PLANNED AND UNPLANNED LONG INTERRUPTIONS. 

 

Figure 7 shows the minutes of lost supply due to planned and unplanned long interruptions for 
European countries. This index varies importantly across countries. Switzerland, Luxembourg, and the 
Netherlands exhibit among the highest levels of reliability under this metric while Slovenia, Ireland, and 
Romania among the lowest. Although there is important year-to-year variability, a general trend of 
reduction (increased reliability) can be ovserved, which is more pronounced for countries with lower 
levels of reliablilty, such as Romania and Croatia for example.  
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FIGURE 14: NUMBER OF INTERRUPTIONS PER YEAR (SAIFI). 

 

The evolution of the SAIFI for European countries depicted in Figure 8 shows many similarities with 
Figure 7. Countries with high SAIFI show clear tendencies for reduction (e.g. Croatia and Romania), while 
trends for low and very low levels are hard to identify. Notable exceptions are Ireland, Latvia and Estonia 
which where the downward trend was interrupted by a spike or even a considerable upward-shift in the 
case of Latvia.  

The differences in the levels of reliability can be attributed to a myriad of factors. Some of them are, or 
were, at least in principle in the hands of planners and regulators, e.g. design of the network, 
redundancy, maintenance practices, and quality of components. Others, such as the country’s 
population density, geography, meteorology and topology are outside the hands of planners.  

Another important aspect of the quality of supply is the quality of the voltage. Voltage quality is mainly 
determined by frequency, amplitude and harmonic content. While arguably not as important as 
continuity of supply, it is still important as some components and equipment could be damaged and 
operate less efficiently with poor-quality voltage.  

 
FIGURE 15: TYPES OF VOLATAGE QUALITY PROBLEMS. 

 

Figure 9 illustrates typical voltage quality problems. Ideally, we would like a perfectly sinusoidal supply 
voltage at the rated amplitude (e.g. √2 x 230 V for residential customers). However, sometimes we can 
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observe voltage swells (1.1 to 1.8 per unit) or voltage sags (0.1 to 0.9 per unit). These phenomena can 
happen due to lack or surplus of reactive power in the system or short-circuits for example. Voltage 
frequency is a system-wide quantity that the system operator tries to keep at nominal frequency by 
balancing supply and demand. Load or generation fluctuations in combination with system inertia are 
resulting in variations in the frequency. Finally, excessive harmonics (i.e. high-frequency components in 
the typical 50 Hz wave) in the voltage wave can also lower the quality of the voltage. Harmonics are 
typically caused by switching of power electronics components connected to the grid.  

Finally, the commercial quality of supply may not be technical, but it may be just as important. It refers 
to the quality in the relationship of the customer with electricity service companies (e.g. supplier, DSO, 
aggregator). Most metrics reported by CEER [27] relate to response, processing, and service 
promptness. Important metrics of commercial quality include promptness of new connection requests, 
disconnections, meter readings, repairs, and claims processing. Also, as with any service, customers 
must be confident that the electricity service company will reliably act on customers’ requests.  

Specifically, indicators for services occasionally requested by consumers that are monitored by 
regulators include response time for a connection request, cost estimation for simple works, time for 
switching suppliers. In terms of customer care, relevant indices include customer service hold time, 
response time to customer complaints, and punctuality of appointment. Technical service metrics 
include advising time before planned interruptions. Finally, billing metrics include time for meter 
inspection in case of failure and time from notice to pay until disconnection.  

6.2 REGULATION  
Article 31 of the Electricity Directive recalls the role of DSOs when it comes to ensuring the long-term 
ability of the distribution system to be operated under secure, reliable and efficient conditions. In that 
frame, this article provides that DSOs shall take into account environmental and energy efficiency-
related considerations. Equally, the procurement of products and services necessary to ensure the 
efficient, reliable and secure operation of the distribution system, DSOs shall adopt objective, 
transparent and non-discriminatory rules developed in coordination with transmission system 
operators.  

With regards to redispatching of generation and demand-response, Article 13 of the Electricity 
Regulation provides that the chosen mechanism should be based on objective and transparent criteria 
to ensure that it is open to all technologies. Market-based mechanisms for redispatching shall remain 
the principle, and the use of non-market-based mechanisms must be duly justified.  

When it comes to the maintenance of grid reliability and safety, DSOs shall guarantee the capability of 
the distribution grids to transmit electricity generating by renewable energy sources, or high-efficiency 
cogeneration units, with the minimum possible redispatching. To that aim, DSOs shall take appropriate 
grid-related and market-related measures. Moreover, DSOs shall ensure that they dispose of enough 
flexibility means to be able to efficiently manage their grid. 

The Electricity Regulation also provides that DSOs should report annually to the national regulation 
authority: 

• The effectiveness and development of market-based mechanisms for the redispatching of 
power generation, energy storage, and demand-response means; 

• The reasons, volume, and type of technologies source subject to redispatching; 
• The measure took to reduce the need for downward redispatching of renewable generation 

units or high-efficiency cogeneration units (investment in digitalization, means to provide 
flexibility). 
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FIGURE 16: RESPONSABLE ENTITY FOR VOLTAGE QUALITY REGULATION AS OF 2016 [27]. 

6.3 TRENDS AND BARRIERS  
There are numerous standards, regulations, and methods in place to ensure the reliability and quality 
of supply of a power system. However, the main methods of maintaining good levels of reliability can 
be summarized in the following four points [28]: 

• Generation and transmission capacity should be sufficient to meet load (plus reserve margin). 
Traditional, this was done by the practice of “fit and forget” large conventional generators and 
transmission and distribution lines. Now, new emerging methods include the aggregation of 
wind and solar, demand response, energy storage. Furthermore, it is now possible to equip 
one’s home or community with distributed energy resources or microgrids that could provide 
back-up capacity when the grid cannot.  
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• Power systems must have adequate flexibility to address variations of supply and demand. The 
need for flexibility is increasing now that controllable generators are being replaced by 
intermittent energy sources. Traditionally, flexibility has been provided by large scale 
generators, in particular fast-ramping natural gas. Demand response has also played a limited 
role, especially by large loads that can be curtailed at the system operator’s request. New 
providers of flexibility include very fast ramping gas generators, the expansion in use of demand 
response (especially by aggregating small loads), and the ability to control and dispatch variable 
generation. 

• The system must be able to maintain a steady frequency. Traditionally, system frequency is 
maintained by the rotating mass (inertia) of spinning generators and the generator’s governor 
control. However, with the introduction of power electronics-based generation, there is the 
concern of insufficient rotating mass in the system. New solutions include synchronous 
condensers that spin with the grid, advanced power electronics, and frequency-sensitive 
demand response.  

• Finally, the system must be able to maintain voltages at acceptable ranges. Unlike frequency 
that is a universal value for the grid, voltage support resources need to be strategically placed 
throughout the grid. Traditionally, voltage support has been provided by large generators that 
adjust their reactive power output to respond to grid needs, shunt capacitors, and tap-changing 
transformers. Now, voltage support can also be performed by advanced power electronics, 
synchronous condensers for reactive power, and flexible alternative current transmission 
(FACTS) devices.  

 

 
FIGURE 17: VOTLAGE QUALITY PARAMETERS MONITORED. 
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Regulators have at least three tools to maintain system reliability: 

• Standards 
• Investment 
• Incentives and market-based mechanisms 

For example, standards on system adequacy, governor response (for maintaining frequency), or 
requiring voltage support by generators and distributed energy resources. Investment on grid 
infrastructure can be required for ensuring the reliability of supply. Finally, incentives and market-based 
mechanisms can encourage DSOs and other relevant actors to deploy solutions to increase grid 
reliability. Incentives for a better quality of supply include rewards/penalties for DSOs based on their 
performance on relevant indices (e.g. SAIFI, ENS, AIT, etc). For example, Belgium provides up to 2 million 
Euros per year to the transmission system operator. Also, some DSOs in some countries offer direct 
compensation to end consumers when standards are not met.  

In 18 out of the 27assessed  countries, voltage quality monitoring systems are monitoring phenomena 
like  voltage variations, flickers or voltage dips. Figure 11 shows the monitored parameters in each 
European country. 

 

7 ELECTRCITY MARKETS 

7.1 CONTEXT 
 

 
FIGURE 18: BIDDING ZONES IN EUROPEAN POWER MARKETS AS OF 2014 [29].  
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The European Union has been in a slow but steady process of developing a unified electricity market. 
The process arguably started in 1996 when the EU parliament and the European Commission approved 
the first Electricity Directive (96/92/EC) that pushed for the liberalization of the energy sector by 
establishing competitive electricity markets.  

Currently, European electricity markets are managed by several Nominated Electricity Market 
Operators (NEMOs). Each NEMO is responsible for marching demand and supply in its respective 
bidding zone(s) (see Figure 12). Some NEMOs operate across countries (e.g. NORDPOOL in northern 
Europe) while others manage zones within a single country (e.g. GEM in Italy). Moreover, some zones 
have a presence in more than one exchange (e.g. both NORDPOOL and EPEX operate in the GB zone). 
Furthermore, an important task of NEMOs is to act as a market coupling operator to match day-ahead 
and intraday exchanges between zones.  

Most Member States’ day-ahead electricity markets are already coupled under the Multi-Regional 
Coupling projects using a price coupling of regions (PRC) algorithm. Also as shown in Figure 13, four 
Member States are currently coupled using a different algorithm (4MMC), other countries have plans 
to couple with their neighbours, and two other regions use the PRC algorithm but are not coupled to 
the rest of the continent.  

 
FIGURE 19: STATE OF EUROPEAN DAY-AHEAD MARKET COUPLING. 

7.2 REGULATION  
A major objective of the CEP is the openness of energy markets to a wider range of actors, notably end-
users. To that aim, the Electricity Directive intends to facilitate network access for untraditional actors 
by asking Member States to design a system of third-party access to transmission and distribution 
systems, as provided by Article 6. In that context tariffs’ setting methodology should be published and 
made available before their entry into force. Where access to the grid is refused because it would lack 
the necessary capacity, duly substantiated reasons shall be given by the network operator, as well as 
relevant information on necessary measures to reinforce the network.  

With regards to demand response through aggregation, Article 17 of the Electricity Directive 
emphasises on the non-discriminatory treatment (in comparison with traditional producers) of 
aggregator of demand response by network operators for the procurement of ancillary services.  
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7.3 TRENDS AND BARRIERS  

7.3.1 WHOLESALE MARKETS 

Current developments in European day-ahead electricity markets involve the increasing level of 
coupling and the efficiency and scalability of the algorithm. As mentioned previously, while the markets 
of most Member States are already coupled, there are still ongoing expansions of the price-coupled 
region. Furthermore, the PRC algorithm should be improved computationally to deliver more optimal 
solutions, improve scalability, and support complex orders from a diverse set of diverse NEMOs.  

Regarding intraday markets, the Cross-Border Intraday Market Project (XBID) platform was finally 
launched in June 2018 with Austria, Belgium, Denmark, Estonia, Finland, France, Germany, Latvia, 
Lithuania, Norway, The Netherlands, Portugal, Spain, and Sweden as the first countries to join and 
others planning to join in the future. XBID is based on a common IT system that allows for orders to be 
matched by orders in any bidding zones as long as transmission capacity is available [30].  

While the volume traded in intraday markets is currently relatively small, it is expected to increase and 
be especially important as more renewables come online to the grid and demand flexibility becomes 
more important. Thus, the trend is to gradually incorporate more Member States into the XBID platform. 
The gradual incorporation of Member States is necessary as this complex system must be tested as it is 
expanded to ensure proper functioning. Furthermore, to increase system efficiency, the target is to put 
in place a continuous market platform in which any plater can adjust its position up until 1 hour before 
time of delivery. This stands in contrast to more rigid auctions that only allow trading at specific times.    

Balancing markets serve to correct real-time imbalances and deploy corrections to the day-ahead and 
intraday market schedules. Being closer to technical operation, it is a function of TSOs to manage these 
markets. Also, balancing markets are less integrated across countries and regions than day-ahead and 
intraday markets. One of the reasons is that standards for balancing markets are not yet as harmonized 
across TSOs. For one, the definition of the different balancing products (e.g. automatic frequency 
reserves, manual frequency restoration reserves) needs to be agreed by the different stakeholders. 
Other aspects to be harmonized are the settlement rules as some TSOs apply marginal pricing while 
others pay-as-bid.   

Integrated balancing markets are estimated to produce benefits of 150 million Euros per year, with that 
number increasing if cross-country capacities increase. Furthermore, increased availability of reserves 
would facilitate RES integration, increase the liquidity of these markets, and increase the operational 
security across the European electricity network. 

 
FIGURE 20: ROADMAP FOR IMPLEMENTATION OF THE GLEB. 

In 2017, the Guideline on Electricity Balance (GLEB) came into effect. The GLEB aims to gradually 
facilitate regional cooperation through the implementation of several platforms (one for each balancing 
product) to allow information exchange between TSOs and market participants (see Figure 14).  
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Going forward, European electricity markets will continue to face important changes. Electrification will 
be at the forefront of climate change efforts which means increased penetration of variable RES to grids. 
This will make the integration of intraday and balancing markets a more crucial issue. Furthermore, we 
will continue to observe increases in the amount of DERs in the periphery of the grid. The Clean Energy 
Package already calls for DERs and energy communities to be allowed to participate either directly or 
through aggregation in electricity markets. However, it will be up to regulators, TSOs, DSOs, and other 
stakeholders to develop rules and procedures to comply with the European Directives.  

7.3.2 DISTRIBUTED ENERGY RESOURCES IN ELECTRICITY MARKETS 

DERs are expected to become increasingly more common in distribution networks.  While DER adoption 
is expected to be driven mostly by individuals or groups of consumers pursuing local benefits (e.g. bill 
reduction or back-up power), DERs can be integrated into electricity markets for system-wide benefits 
and additional revenue streams for owners. For example, an individual could install behind-the-meter 
energy storage for private backup power and also provide flexibility to the grid. In this case, market 
participation provides the storage owner with an extra revenue stream, which would make the 
investment payoff time shorter, and provide the grid with extra flexibility to host RESs. However, 
regulations and standards are needed to allow for the access of DERs into markets (short-term, ancillary 
services and capacity markets) that were initially designed for a relatively small number of large 
generators and load-serving entities.  

One of the main reasons regulations and standards need to be adapted if DERs are allowed to participate 
directly in the market is that it would increase the number of market players, likely making already 
computationally intensive market operations inviable. An alternative to direct participation is 
participation via aggregation. The idea of aggregation is to limit the number of market participants by 
having a single participant submitting a single bid on behalf of several small participants. This 
intermediary between small market participants and the market could be an aggregator, a 
microgrid/energy community, or the DSO.  

Another reason why current electricity markets may be ill-designed to efficiently integrate DERs is that 
DERs are more diverse in operation than traditional market participants. For example, while 
conventional generators only produce controllable energy, DERs could consume and produce (energy 
storage), consume and curtail (demand response), or produce non-controllable energy (roof-top PV). 
Furthermore, there may be currently inexistent markets of services that could be efficiently provided 
by DERs. For example, generally located in low-voltage distribution networks, DERs are especially well 
positioned to provide voltage support, an activity often mandated by regulation and non-remunerated. 
These two aforementioned aspects, markets being designed without DERs in mind and the outright non-
existence of markets may put DERs on an unfair disadvantage against conventional assets.  

An aggregator is an asset-less entity whose role is to collect information from its members, formulate, 
and submit market bids. Aggregators offer two basic benefits. First, they provide market access to 
numerous assets that can provide valuable services and be remunerated for them. And second, they 
can provide technical expertise that benefits both DERs and the system. For example, aggregators could 
provide services (e.g., generation forecasts or bidding strategies) to smaller players that lack the 
technical know-how or would find it economically inviable to individually sub-contract the services.  

Energy communities (ECs) could also serve as a vehicle for market participation. This is could become 
especially relevant since, as mandated by the Clean Energy Package Directives, EC legislation continues 
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being developed throughout the European Member States. Furthermore, European legislation already 
calls for allowing ECs to participate in electricity markets. Like aggregators, ECs are constituted by 
several smaller players and DERs. Thus, in addition to internal tasks (e.g. managing their internal grid 
and coordinating resources), ECs could be given access to the market. While aggregators typically are 
pure market players, ECs have the advantage of having more granular visibility of local technical issues 
(e.g. voltage or local congestion). On the other hand, aggregators may have a larger geographical scope 
and a more fluid composition than ECs, which are presumed to be more local and with a more stable 
composition. The larger geographical scope has the potential to provide advantages such as forecast 
error smoothing (for RESs) and economies of scale.  

DSOs could also acquire the role of intermediaries between DERs and the market. Similar to ECs, DSOs 
would have better visibility of local technical issues than aggregators would. Furthermore, there are 
already proposals for expanding the role of DSOs to that of an interface with TSOs for DER coordination 
and observance of technical limits [31].  

The development of local markets and peer-to-peer platforms is a potential solution to  reduce the 
number of participants in wholesale markets. Although not a substitute to market intermediaries such 
as aggregators, local markets could allow DER to offer some energy and services to nearby participants 
without needing to offer them on wholesale markets. Furthermore, local markets have the potential 
added value of stimulating local economies and fostering a sense of community.  

The deployment of advanced metering and communication infrastructure (AMI) is essential for the 
efficient integration of DERs into wholesale markets. For one, time-stamped consumption and 
production measurements (as opposed to monthly or yearly cumulative consumption with conventional 
meters) are needed to properly remunerate participants in typical wholesale markets (which often 
operate on an hourly or sub-hourly basis). Furthermore, communication infrastructure, standards, and 
protocols are needed for control, coordination, and data exchange between all market participants.  

7.3.3 RETAIL MARKETS 

One of the main goals of the liberalization of European electricity markets was to introduce competition 
in the retail segment (i.e. among suppliers) of the markets. In particular, the Third Energy Package was 
introduced in 2009 with the goal of increased competition among suppliers, transparency of retail 
markets, and reinforcement of consumer protection.  

An important pre-requisite for a well-functioning and competitive market is a sufficient number of 
suppliers and the ability of consumers to be well-informed and to switch for better service and prices. 
As shown in Figure 15, most Member States saw an increase in the number of suppliers from the year 
2016 to 2017. However, market concentration metrics remain relatively high in the EU where, on 
average, over 66 percent of the market share is held by the 3 largest (CR3) suppliers of each Member 
State. It is worth noting that that figure has been slowly decreasing since 2011 when it was 73.4 percent. 
These numbers vary for each Member State. As shown in Figure 16, the Nordic countries (SE, DK, FI, 
NO) and Germany exhibit the lowest market concentration (based on the CR3 metric) while smaller 
countries (HR, GR, MT, etc.) and some larger countries like France, exhibit CR3 market concentrations 
of close to 100 %.  
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FIGURE 21: NUMBER OF NATION-WIDE ELECTRICITY SUPPLIERS PER COUNTRY IN 2016 AND 2017 [32]. 

 

 
FIGURE 22: NUMBER OF SUPPLIERS AND MARKET SHARE OF THE 3 LARGEST SUPPLIERS (CR3) IN EACH MEMBER 

STATE [33]. 
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The second key aspect of having a competitive retail market is the switching rate of consumers. A market 
where consumers are constantly evaluating offers and prices are willing to let go of their current 
supplier in favour of a competitor puts more pressure on suppliers to offer better service and prices. 
However, as shown in Figure 17 the switching rate remains relatively low in most Member States. A 
notable outlier is Portugal with over 30 % switching rate.  

 
FIGURE 23: ELECTRICITY SUPPLIER SWITCHING RATE (%) AND YEARS SINCE MARKET LIBERALIZATION FOR EACH 

MEMBER STATE [34]. 

 

An important indicator of retail market performance is the mark-up between the cost of supplying 
electricity and retail prices, as shown in Figure 18 for each EU Member State. In theory, a higher mark-
up reflects a less competitive market and opportunities for new suppliers to enter the market. Note that 
at times, some countries exhibit negative mark-ups. This in the long-term is unsustainable. Furthermore, 
while good for the consumer in the short-term, in the long-term, negative mark-ups may harm 
consumers by discouraging new competitors to enter the market.  
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FIGURE 24: MARK-UP FOR RETAIL ELECTRICITY PRICES IN THE MEMBER STATES [35]. 

 

Ultimately, market structure, composition, level of competitiveness and regulation translate into 
consumer prices. Figure 19 shows the breakdown of electricity costs for households in EU capitals who 
consume 4000 kWh/year (data from 2014). The total cost varies significantly between countries (499 
EUR in Malta vs 1236 EUR in Denmark). Also, the energy, network, taxes, and RES costs vary significantly 
across Member States. For example, energy cost accounts for 78% of Malta’s electricity retail price while 
it accounts for just 16% in Denmark.  

 

 
FIGURE 25: BREAKDOWN OF END-USER PRICES IN THE INCUMBENTS' STANDARD OFFER FOR HOUSEHOLDS 

CONSUMING 4000 KWH/YEAR IN EU CAPITALS [36] 
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Figure 20 shows the evolution of average retail electricity prices in the EU and Norway. First, one could 
note that prices have increased more for households than for industrial consumers. The prices for 
industrial consumers have remained relatively flat, rising modestly up to 2013 and then following a 
downward trend. For households, prices increased until 2015 when they started decreasing. 
Furthermore, wholesale electricity prices have remained relatively stable since 2008. The divergence of 
household and industrial prices and the disconnect between wholesale and retail prices suggests that 
policy, rather than purely cost considerations, play a strong role in determining retail prices, while large 
industrial consumers are bidding directly on energy markets, taking advantage of low wholesale prices.  

 
FIGURE 26: EVOLUTION OF AVERAGE RETAIL ELECTRICITY PRICES FOR HOUSEHOLD AND INDUSTRIAL 

CONSUMERS IN THE EU AND NORWAY [37]. 

8 E-MOBILITY 

8.1 CONTEXT 
Electromobility (E-mobility) is currently seen as one of the most promising technologies in the 
decarbonization of the transport sector. Key drivers like the parity with internal combustion engine 
vehicles regarding cost of ownership, strong governmental support, and the commitment to 
decarbonize the transport sector are playing a big part in increasing the uptake of EVs [39]. Globally, 
governments are striving to foster the development and growth of the EV market as part of their 
strategies to improve efficiency and reduce greenhouse gas emissions from the transport sector. 

EV market penetration experienced significant growth in the past decade where EV sales grew steadily 
on an annual basis (Figure 29). In 2018, the global EV fleet exceeded 5.1 million, up 2 million from the 
previous year. The People’s Republic of China remains the world’s largest EV market with 2.3 million 
vehicles on the road, followed by Europe with 1.2 million and the United States with 1.1 million [40]. As 
shown in Figure 30, the International Energy Agency (IEA) projects that the global EV fleet will continue 
to grow and reach 250 million vehicles worldwide in 2030 [40]. 
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FIGURE 27: GLOBAL ELECTRIC CAR SALES AND MARKET SHARE, 2013-18 (SOURCE: IEA). 

 

 
FIGURE 28: ELECTRIC VEHICLE STOCK GROWTH FORECAST 2018-2030 (SOURCE IEA). 

 

The EV fleet in Europe has witnessed a steady growth in the past few years, where the total fleet of EVs 
grew by more than 10 times in just five years (Figure 31). The recent technological progress of battery 
storage, generally driven by consumer electronics battery demand, is one of the main causes of the fast 
EV uptake. Further developments in battery technology are anticipated in the upcoming years where 
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continued cost reductions are expected and they are strongly linked to developments underway in the 
automotive sector, i.e. changes in battery characteristics (chemistry, energy density, and size of the 
battery packs) and the scale of manufacturing plants. It is expected that by 2025 batteries will 
increasingly use cathode chemistries that are less dependent on cobalt, such as NMC 811, 3 NMC 622 
or NMC 532 cathodes in the NMC family or advanced NCA batteries. This will lead to an increase in 
energy density and a decrease in battery costs, in combination with other developments (e.g. the 
availability of silicon-graphite chemistries for anode technology). Today, most battery production is in 
plants that range from 3 to 8 gigawatt-hours per year (GWh/year) though three plants with over 20 
GWh/year capacity are already in operation and five more are expected by 2023 [40]. 

 
FIGURE 29: ELECTRIC CAR DEPLOYMENT IN EUROPE 2013-2018 (SOURCE : IEA). 

 

In addition to other factors fostering the penetration of EVs, it is arguable that the EV market share 
could be linked to the widespread availability of charging infrastructure in a country. The deployment 
of EV chargers is essential to facilitate the development of E-mobility, and more specifically the uptake 
of plug-in electric vehicles (PEVs).  

The availability of charging infrastructure has been steadily increasing. The number of EV chargers 
reached an estimated 5.2 million worldwide for light-duty vehicles. Most of these are slow chargers 
(levels 1 and 2 at homes and workplaces), complemented by almost 540,000 publicly accessible 
chargers (including 150,000 fast chargers, 78% of which are in China). Including the 156,000 fast 
chargers installed for buses, by the end of 2018 there were about 300,000 fast chargers installed 
globally [40]. For the case of the European Union (EU), there are currently 144,000 charging points 
available, 26% of which are in the Netherlands, 19% in Germany, 17% in France, and 13% in the United 
Kingdom (Figure 32). Together, these four countries account for 76% of all EV charging points in the EU. 
On the other hand, as shown in Figure 33 the market share of EVs in the EU is highest in Sweden, where 
the market share is 8%, followed by the Netherlands at 6.7%, Portugal at 3.5% and the UK at 2.5% [41]. 

One important aspect of the electrification of transport is its impact on electricity systems. The global 
EV fleet consumed an estimated 58 TWh of electricity in 2018, similar to the total electricity demand of 
Switzerland in 2017. Two-wheelers continued to account for the largest share (55%) of EV energy 
demand while light-duty vehicles witnessed the strongest growth of all transport modes in 2017-2018. 
China accounted for 80% of world electricity demand for EVs in 2018.   
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FIGURE 30: EV CHARGING INFRASTRUCTURE IN THE EU IN 2018 (SOURCE: ACEA). 

 

 
FIGURE 31: EV MARKET SHARE IN THE EU IN 2018 (SOURCE: ACEA). 

 

As for their environmental impact, the global EV stock in 2018 emitted about 38 million tonnes of carbon 
dioxide equivalent (MtCO2-eq) on a well-to-wheel basis. This compares to 78 MtCO2-eq emissions of 
an equivalent internal combustion engine fleet, leading to net savings from EV deployment of 40 
MtCO2-eq in 2018. A promising alternative for decarbonization is the combination of a large penetration 
of RES generation with the substitution of conventional internal combustion vehicles with PEVs. 
Furthermore, PEVs can reduce and displace in-city emissions and facilitate the integration of RES 
generation by consuming at valley hours, generating at peak times, and even providing reserves [42].  
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8.2 REGULATION  
The Energy Performance of Building Directive in its recast Article 8 fosters the deployment of charging 
infrastructure as it provides that for any new buildings or buildings going under major renovation, EV 
charging infrastructure should be installed as from March 2020. This will considerably impact load 
patterns, as explained further below, thus requiring significant flexibility means, mainly at the 
distribution level. 

Article 33 of the Electricity Directive, defines the role and responsibilities of distribution system 
operators (DSOs) with regards to the integration of E-mobility in electric networks. The 3 main points 
are summarises below: 

1. DSOs are asked for fair and non-discriminatory cooperation with undertaking owning, managing 
and operating charging points, especially when it comes to grid connection.  

2. EV charging-related activities shall remain market-based, thus, DSOs should not own, manage 
or operate charging points, except for own use.  

3. By way of derogation, where the electricity sector would have failed to address the needs, 
following open, transparent and non-discriminatory tendering procedures, Member States may 
allow DSOs to perform the above-mentioned activities. Nonetheless, the prolongation of this 
exception shall be assessed every five years to ensure that DSOs remain the only parties able to 
provide such services. In cases where the private sector shows interest, the activities of DSOs 
should be phased out. In such a situation, the national regulator shall ensure that DSOs recover 
the residual value of its investment in the charging infrastructure. 

8.3 TRENDS AND BARRIERS 
EV charging volumes are directly related to EV penetration and could have a significant impact on 
electricity demand and load profiles in the EU. Simultaneous and uncontrolled EV charging could lead 
to an increase in the peak demand and eventually create the need for distribution system upgrades or 
generation capacity expansion.  

The IEA anticipates global electricity demand from EV charging to reach 1,110 TWh in 2030 globally and 
200 TWh in the EU [40]. This could cause incremental needs for peak power generation and transmission 
capacity, especially in the case of uncontrolled charging patterns. The extent to which power systems 
are impacted by EV charging depends on the total annual electricity demand by EVs, the projected daily 
charging patterns on load profiles, and the various types and power levels used for charging.  

A study by the International Renewable Energy Agency (IRENA) on the impact of future smart charging 
infrastructure and EV penetration on electricity networks reached on three main conclusions16: 

1. The impact on electricity demand will be limited. In a 100% electric mobility scenario for Europe, 
the energy needs of EVs might represent no more than 10% to 15% of total electricity 
production. However, EV grid integration might lead to local power issues with increasing EV 
volumes. 

2. The impact on peak demand, however, can be much greater if the additional demand is not 
distributed smartly. For this, smart charging is key. For instance, in a 10 million EV scenario for 

 
16https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Innovation_Outlook_EV_smart_charging_2019.pdf 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Innovation_Outlook_EV_smart_charging_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Innovation_Outlook_EV_smart_charging_2019.pdf
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the UK by 2035, evening peak demand would increase by 3 GW if charging is uncontrolled, but 
it would alternatively increase by only 0.5 GW with controlled charging. With smart EV charging, 
the lowest price periods could see demand increase by 7 GW. 

3. The impact on local distribution grids might also be significant if not managed with smart 
charging.  For instance, Xcel Energy in the United States demonstrated that 4% of distribution 
transformers could be overloaded at an EV market penetration of 5% if charging coincides with 
peak load times. In contrast, with controlled charging in off-peak periods, it may not be 
necessary to install additional capacity from flexible sources and the impact on the cost of 
electricity could be less than 5% [43]. 

The penetration of EVs and charging infrastructure could also be an opportunity for network operators. 
The fact that cars in general, including EVs, are parked for almost 95% of their life coupled with their 
storage capacity and the availability of enhanced technologies such as smart charging, open up a vast 
range of prospects for EVs to support electricity networks. EVs help operators to optimize network 
management and minimize costs. In a study conducted for the case of Germany, “dumb” charging of 
under 10 million EVs in a 2035 scenario, would lead to a 50% increase in low-voltage grid and 
transformer costs, while optimized peak shaving using smart charging would avoid these investments. 

Different smart charging modalities could make use of EVs for the various needs of the system: 

• Uni-directional smart charging: increasing and decreasing the rate of charging and 
postponement of charging, can be used for peak shaving and relieving local grid congestions.  

• Bi-directional smart charging: vehicle-to-grid (V2G), vehicle-to-home or -building (V2H, V2B), 
allows the EVs to provide services to the grid in the discharge mode.  

o V2H and V2B may be mostly used for behind-the-meter optimization, i.e. increasing 
self-consumption.  

o V2G could provide ancillary services like balancing and frequency control, including 
primary frequency regulation and secondary reserve, to the system operators as well 
as local distribution grid operators.  

Consequently, smart charging allows for a certain level of control over the charging process including 
the variation of charging current using different pricing and technical options. Incentives such as the 
time-of-use (ToU) pricing could guide EV users to alter their charging patterns to different times of the 
day. This mechanism would help network operators in load shifting and system balancing and could 
additionally help networks optimize peak shaving and allow for greater integration of renewables into 
the energy mix of the country. 

9 MICROGRIDS AND ENERGY COMMUNITIES 

9.1 CONTEXT 
While a microgrid is not necessarily an energy community and an energy community is not necessarily 
a microgrid, these concepts are related. One of the defining characteristics of a microgrid is that it 
operates as an ensemble. However, if the different assets do not have a financial relationship and do 
not need to be represented under a legal entity (e.g. because they are owned by the same entity or 
because their relationships are purely technical) the microgrid may not qualify as an energy community. 
On the other hand, if the collection assets of an energy community lacks a clear boundary with the grid 
and/or a strong cohesion (control-wise), the EC may not be considered a microgrid. Naturally, there will 
be instances where an entity collects all the requirements to be considered both a microgrid and an EC.  
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9.1.1 MICROGRIDS – CONTEXT 

While many meanings have been assigned the term “microgrid,” a broad definition developed for the 
U.S. Department of Energy by the Microgrid Exchange Group [44] is  

‘‘[A microgrid is] a group of interconnected loads and distributed energy resources 
within clearly defined electrical boundaries that acts as a single controllable entity 
with respect to the grid. A microgrid can connect and disconnect from the grid to 
enable it to operate in both grid-connected or island mode.”  

As pointed out in [45], the definition above includes three elements:  

1) a distinction between the parts of the microgrid and the rest of the system;  
2) the microgrid’s resources are controlled in concert with each other;  
3) the microgrid can whether it is connected or disconnected to the grid.  

While we broadly agree with the definition above, in this report we use a slightly different definition of 
the term microgrid. First, the Microgrid Exchange Group’s definition does not mention size. We believe 
that a more appropriate definition should emphasize a microgrid’s relatively small size (as the name 
implies). Otherwise any islanded network, regardless of its size, would qualify as a microgrid. Second, 
we expand our definition to encompass microgrids that cannot operate in islanded mode (i.e. 
disconnected from the external grid). However, we still include elements 1) and 2) listed above. Figure 
34 shows a one-line diagram of a typical microgrid.  

 
FIGURE 32: OVERVIEW OF A MICROGRID'S PHYSICAL ARCHITECTURE. SOURCE: [46]. 

On the grand scheme of things and despite their size differences, microgrids are similar to regular grids 
in many ways: assets need to be controlled to match supply and demand, power quality (voltage, 
frequency, and reliability) must be procured, and economics (both in long-term planning and operation) 
play an important role. However, some nuances must be pointed out. First, while microgrids are not 
restricted to a certain portfolio of generation assets, renewable sources are often preferred. Partly 
because many microgrid projects are motivated by environmental considerations but also pragmatically 
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since emissions and particulate matter from fossil fuel generation are experienced locally. Second, most 
microgrids lack inertia so alternative mechanisms such as demand response and energy storage typically 
take a more prominent position in their operation. Third, the lack of geographical diversity increases 
relative load variability, which adds to the importance of DR and energy storage. Finally, DC power and 
power electronics typically play a larger role in microgrids than in traditional grids where DC 
transmission is still relatively uncommon and mechanical generators are more common than power 
electronics-based generators. 

The adoption of microgrids can be attributed to three main drivers: energy security, economic benefits, 
and renewable energy integration. Regarding energy security, microgrids can be designed to operate 
independently to the grid (or retain some basic functionalities) in cases of severe weather or outages. 
Regarding economic benefits, microgrids can help avoid large infrastructure investments such as 
transmission lines or generation capacity by installing local assets to meet needs. From a RES integration 
point of view, microgrids allow compensating imbalances caused by intermittent and uncontrollable 
sources locally to avoid pushing such problems to the rest of the grid.  

While the motivations to invest in microgrids and their applications are too diverse to exhaustively 
enumerate, we present a few important applications [45]. 

• Campus or institutional microgrids. These typically include distributed generation, 
heating, and power in sites owned by a single entity. Examples include university 
campuses, business parks, or industrial facilities. 

• Military microgrids. Military microgrids are typically focused on security and reliability. 
They are typically able to maintain the supply of critical loads during an extended 
outage of the local grid.  

• Residential microgrids. These may include rooftop PV, EVs, energy storage, and smart 
appliances in a residential community setting. Residential microgrids typically do not 
operate on islanded mode as their focus tends to be on coordinating and sharing 
resources for cost reductions. Residential microgrids are the archetype of an energy 
community as mandated by the CEP.  

• Remote and rural microgrids. These types of microgrids may be an attractive alternative 
to bring electricity supply to remote communities that would find it too expensive to 
connect to the electric grid. Also, it may be a good alternative in developing countries 
that do not have a strong grid in place.  

Regarding ownership of microgrids, the EU “More Microgrids” project identifies four types of ownership 
structures: by the DSO, by the end consumers, by an independent power producer, or by an energy 
supplier.  

9.1.2 ENERGY COMMUNITIES – CONTEXT 

Regarding EU regulation (see next section), two types of ECs are distinguished: Renewable Energy 
Community and Citizen Energy Community. The main differences between these two types are 
summarised below:  
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Citizen Energy Communities (CEC): 

• No geographic limitation (i.e. no proximity of the “effective control” to the energy 
project required). 

• Large and medium size enterprises excluded from effective control. 
• Electricity only 
• Technology neutral (not necessarily renewable energy). 
• Major purpose of enabling frameworks: create a level playing field for the CECs as a 

new market actor. 

Renewable Energy Communities (REC): 

• Proximity requirement (to be defined in national law). 
• Limited membership (shareholders or members do not include large companies). 
• Open to all sources of renewable energy (e.g. also heat), but renewable energy only. 
• Major purpose of enabling frameworks: to promote the development and growth of 

RECs as a way to expand the share of renewable energy at national level. 

9.2 REGULATION  
Among the major changes brought by the CEP, are the recognition and legal definition of energy 
communities as well as facilitating the activity of self-consumption (individual and collective) for end-
consumers17. The direct consequences with regards to DSOs are the increased volume of transported 
energy on the low/medium voltage networks coupled with a decreased billed-energy volume. To cope 
with the impact of those consequences, the Renewable Energy Directive, as well as the Electricity 
Directive requires the Member States to define cost-reflective network tariffs to be applied to self-
consumption activities. Furthermore, self-consumers and energy communities are entitled by the CEP 
to sell their excess production without being subject to discriminatory or disproportionate procedures 
and charges. Nation regulation authorities have then to access the costs and benefits of self-consumers 
and energy communities for the network so as to design suitable connection procedures, market access 
requirements, and network tariffs.  

The Directives on Renewable Energy and the Directive on the Internal Market of Electricity of the CEP 
defines “Renewable Energy Communities” (REC) and “Citizen Energy Communities” (CEC) and mandates 
member states to create enabling laws and regulations. In a nutshell, the directives set up a framework 
whereby end consumers can associate and engage in energy-related activities such as production, 
consumption, and sharing of local energy without facing discrimination (e.g. unfair network tariffs). The 
purpose of the EU legislation is to mobilize private capital for RES investment and to increase the public 
acceptance of local energy projects. Both types of communities share most characteristics but differ in 
some aspects, e.g., the focus of RECs is on RES. Table 1 summarizes the characteristics of both types of 
ECs. 

 
17 The Renewable Energy Directive defines renewable self-consumers and renewable energy communities as 
activities and entities relying on renewable energy sources, while the Electricity Directive does not restrict those 
to renewable technologies.  
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TABLE 1: COMPARISON OF THE "RENEWABLE ENERGY" AND "CITIZEN ENERGY" COMMUNITY CONCEPTS. 

SOURCE: [47]. 

 

 

9.3 TRENDS AND BARRIERS  

9.3.1 MICROGRIDS – TRENDS AND BARRIERS 

Global deployment of microgrids is expected to increase from 1.4 GW in 2015 to between 5.7 GW and 
8.7 GW by 2025 [48]. However, there are technical and regulatory barriers still in place. On the technical 
side, grid-connected microgrids introduce “new” devices (e.g. energy storage, PV) and modes of 
operation (e.g. islanded mode, reverse power flows in distribution networks) that merit caution by 
regulator and new standards and interconnection rules. From a regulation point of view, microgrids may 
introduce situations not envisioned by regulation (e.g. supply from multiple sources). Moreover, the 
introduction of microgrids may threaten the financial health and interests of established players.  

The “triumph” of microgrids as the main building blocks of a decentralized energy system is far from 
being a sure thing. In addition to microgrids, there is a competing trend à la “virtual powerplants” (VPP) 
that, like microgrids, involve coordination of distributed assets using information technologies but do 
not feature local balancing or clear delineation of separate microgrids. However, in the European 
context, we expect microgrids to continue playing an important role in the four applications mentioned 
previously for the following reasons: 

• The CEP promotes energy communities that can be built as microgrids.  
• The push for a highly interconnected and complex European “Megagrid” may also incentivize 

the adoption of microgrids for local robustness and resilience [46]. 
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Standardization of microgrid control systems and their associated testing protocols are key 
requirements to enable the adoption of microgrids that form part of an integrated European grid. The 
goal of establishing standards is to allow the interoperability of microgrids and enable the operation 
through cohesive platform-independent interfaces [49]. 

The approach to developing standards for microgrid control systems are the following:  

1. Defining a generic microgrid  
2. Identify a microgrid’s main functions and features 

a. Identify generic classes of functions internal and external to the microgrid 
b. Defining required core functions for microgrid control systems 
c. Define features of the core functions that have measurable performance metrics 

To achieve the widest possible adoption of microgrids, the functional requirements specified in a 
standard should be generally applicable to all microgrid control systems. Thus, regulators should avoid 
setting standard requirements such as planning and design procedures, nature of contractual 
relationships or internal protection schemes.  

Instead, standards should concern only matters that affect parties external to the microgrid and the 
interfaces between the microgrid control system and its assets. More specifically, the microgrid 
standardization should encompass two broad categories of functionalities: dispatch function of DERs 
and its transition functions (switching between connected and islanded modes). 

Finally, regulators should develop testing protocols to determine whether a microgrid control system 
meets the standards and requirements. The protocols should test the microgrid under a set of defined 
scenarios and evaluate measurable metrics such as its ability to maintain voltage and frequency stability, 
the ability to follow power exchange setpoints, and the ability to meet interconnection requirements. 
Testing can be done in the real environment or by using real-time simulation tools (including software 
and hardware-in-the-loop systems).  

9.3.2 ENERGY COMMUNITIES – TRENDS AND BARRIERES 

As energy communities become more widespread, DSOs should take them into account for system 
planning purposes. For example, ECs with a large generation to load ratio may export energy to the 
distribution network causing reverse flows. Another situation is that an EC with high levels of 
intermittent RES may cause imbalances or voltage fluctuations to the rest of the distribution grids. Thus, 
DSOs should not only ensure proper interconnection standards but also proactive planning of the 
distribution grid to maintain the security of the system. Furthermore, ECs are expected to undergo their 
own internal resource planning. To achieve efficient system planning, DSOs should be aware of the 
resources to be planned in ECs and act in a proactive manner. 

Energy communities could be effective alternatives to integrate DERs into electricity markets. As 
previously mentioned, aggregators and DSO/TSO coordination are alternatives to market integration of 
DERs. However, for members of ECs, allowing the EC to directly participate in markets, would avoid 
introducing additional players such as aggregators that may complicate operations and take financial 
cuts of the profits. Furthermore, there may be other advantages of using ECs as a vehicle for market 
participation such as streamlined co-optimization of resources for local and market purposes, 
strengthening local cohesion, visibility of local network and preferences, among others. 

The widespread adoption of energy communities could have important operational repercussions on 
system operation. This is especially true in networks where ECs are allowed to operate their own grids. 
This could cause operational conflicts and the need for coordination with neighbouring DSOs. 
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Additionally, ECs could take on the role of supplier. This could be by totally taking over the supply of 
energy to its members but more likely to supply part of the energy needs with the rest being supplied 
by traditional suppliers. Thus, there are important regulatory and operational questions on how to deal 
with multiple suppliers and if regulation also applies to ECs engage in supply activities. Moreover, the 
CEP states that CEC communities may be balance-responsible entities or may delegate that 
responsibility to a third party. Depending on the Member State  implementation and the local context, 
giving EC balance responsibility may have operational impacts.  

Finally, two of the EU’s objectives of promoting ECs are to mobilize private capital for RES investment 
and to involve and empower citizens and consumers in the energy transition. Moreover, most of the 
emerging EC development is happening in low-voltage grids. Thus, if these objectives are successful, we 
should see an increase in the adoption of small-scale RES connected to distribution networks. This, of 
course, would bring operational challenges in terms of power quality, balancing, and protection but 
would also challenge the trend of taking advantage of the economies of scale of large projects. 

It is important to thoughtfully develop tariffs, taxes, and a regulatory framework in general so that ECs 
do not become a vehicle to gain a financial advantage at the expense of other actors. One of the goals 
of ECs is to increase energy production and consumption activities and thus reducing a community’s 
reliability on the larger grid. However, it is important that ECs pay their fair share for grid usage as to 
not starve the system of resources and jeopardizing its financial stability. Moreover, tariffs and taxes 
should be designed to avoid cross-subsidization, both inter and intra-energy community.  

 

10 DIGITALIZATION 

10.1 CONTEXT 
Digitalization is one of the factors that have reshaped the dynamics of power systems in the recent 
years. It has given rise to new models based on peer-to-peer interactions and allowed them to play a 
significant role in the modern electricity sector. As a result, key players of the electricity market, 
including DSOs, will have to adjust their existing business models to cope with change and seize 
opportunities. 

Digitalization brings about changes to the traditional network of the distribution system. Widespread 
additions of new equipment such as smart meters throughout the network are some of the changes 
that the DSOs have implemented in the past years to enhance the network capabilities and allow 
adaptation to the modern electricity system. In fact, in 2018, almost 34% of all electricity metering 
points in the EU were equipped with a smart meter. Additionally, almost 128 million smart meters were 
foreseen to be deployed throughout the EU member states by 2020. However, given the speed of 
deployment in 2017, only around 24 million new smart meters were deployed, raising the total number 
of electricity smart meters deployed in the EU to 123 million in 2020. By 2018, more than half of the 
Member States had reached a 10% smart meter installation rate, while some countries like Sweden, 
Italy, Finland, Estonia and Spain had finished their largescale smart metering roll-out and Italy had even 
planned a second phase of deployments. In general, as shown in Figure 35 most member states have 
set targets of at least 80% smart meter penetration rate in the coming years [50] . 
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FIGURE 33: OVERVIEW OF TARGET PERIOD FOR A WIDE-SCALE ROLLOUT OF ELECTRICITY SMART METERS WITH 

AT LEAST 80 % OF ALL CONSUMERS IN EACH MEMBER STATE. SOURCE: [50]. 

Modernization of the network management systems using enhanced software and network 
technologies is a trend within the distribution networks whereby advanced monitoring and control 
systems are being implemented to improve network performance and reduce maintenance costs. The 
growth of RES and EVs are rendering network modernization a necessity rather than a choice and DSOs 
are looking for solutions to boost their RES and EV hosting capabilities in the most cost-effective way 
possible.  

Automatization is key to improve network management and is leading network operators to invest in 
and adopt IoT-based services. IoT helps DSOs to improve asset visibility, optimally manage distributed 
generation, eliminate waste of energy, and create savings. The global IoT market has been growing 
steadily and generating value for the different business sectors, including those in the energy sector. It 
is estimated that by 2025, the economic impact of IoT for energy and power systems will be in the range 
of $200 billion to $500 billion and that the net profit accrued from IoT deployment in energy and power 
systems between 2013 and 2022 will total $757 billion [51].  

10.2 REGULATION 
The digitalisation of DSOs’ activities materialises in the systematic use of real-time (or near-real-time) 
data. Whilst this applies to the distribution network infrastructure and its various components, it also 
relates to the upgrade of the end-users’ metering infrastructure. With regard to the latter, the CEP aims 
at further advancing the deployment of smart metering infrastructures (AMI) by updating and 
introducing dedicated provisions in the Electricity Directive.  
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Article 19 recalls the provision under which Member States shall recommend electricity market 
undertakings to implement smart metering systems, and specifically states that:  

• The deployment of smart metering systems may be subject to a cost-benefit assessment, which 
shall be undertaken in accordance with the Commission Recommendation 2012/148/EU18; 

• When the deployment of smart metering systems is negatively assessed, Member States should 
revise this assessment at least every four years; 

• Member States should ensure the interoperability of the smart metering systems and their 
ability to provide output for consumer energy management systems. 

When deploying smart metering systems, Member States must ensure that the functionalities of such 
systems comply with the Commission Recommendation 2012/148/EU. Furthermore, article 20 lays 
down the requirements which the functionalities of the smart metering systems shall comply with 
regarding: 

• the type of data provided to customers; 
• security of data and data communications; 
• the availability of these data for the customers; 
• the appropriate advice and information that should be given to final customers prior to or at 

the time of installation of smart meters. 

Article 21 provides that all customers are entitled to a smart meter. In cases where the deployment has 
been negatively assessed nor systematically pursued, customers are entitled to request the installation 
of a smart meter and should bear the associated costs of deployment, under fair, reasonable and cost-
effective conditions. 

With regards to data management, each Member State is free to design its digital infrastructure, and 
rules for access to data, provided that it is done following the applicable Union legal framework (e.g. 
General Data Protection Regulation19, the Cyber Security Act20). However, data management 
responsible parties (DSOs in most EU Member States), are requested to provide access to the data of 
the final customer to any eligible party. While no additional costs shall be charged to final customers for 
access to their data or for a request to make their data available, charges might be applied to third 
parties for accessing requested data. Article 34 further details the access and use of metering data by 
eligible third parties. 

Interoperability of energy services within the EU being a prerequisite of national energy markets’ 
integration, Member States are required to ensure that electricity undertakings apply the 
interoperability requirements and procedures for access to data as defined by implementing acts of the 
European Commission.  

 

10.3 TRENDS AND BARRIERS  

 
18 https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32012H0148  
19 https://eur-lex.europa.eu/eli/reg/2016/679/oj  
20 https://eur-lex.europa.eu/eli/reg/2019/881/oj  

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32012H0148
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://eur-lex.europa.eu/eli/reg/2019/881/oj
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One of the key aspects of digitalization is the propagation of smart grids and applications that bring 
disruptive impact on energy systems. Smart grids are causing an increase in bidirectional flows on the 
electricity networks and allowing for more consumer-centric behaviour.  

The most prominent enabler of smart grids is the availability of a properly deployed smart metering 
system. The early adopters of smart meters are now investigating a wider range of services and benefits 
thanks to a more versatile system in place [50].  

A smart grid integrates advanced sensing technologies, control methods, and integrated 
communications into the current electricity grid. In fact, many smart grid applications discuss optimizing 
local generation and controllable loads to defer capital investment, improve grid efficiency and allow 
for greater use of sustainable generation. By properly exploiting its embedded ICT capabilities, smart 
grids enhance the quality of service the network and introduce several benefits to the DSOs. These 
include optimizing the network assets utilization, handling current and future demands, reducing costs 
for providers and consumers, implementing disaster recovery plans, offering operational resilience and 
efficiency, enabling almost real-time participation of consumers in electricity markets, incorporating all 
options for energy production and storage, and encouraging and facilitating the development of new 
products and services [52]. 

 

 
FIGURE 34: FEATURES OF SMART METERS. SOURCE: [53].  

Smart grids require access to telecommunication networks to perform certain functions. Typically, these 
include diverse technologies such as wide area monitoring, advanced sensors, smart metering and 
others. The Power Line Carrier (PLC) technology is generally used to accommodate the applications that 
transmit data on the Low Voltage network since they typically utilize a low bandwidth. However, since 
at medium voltages applications would require higher bandwidth due to larger amounts of data, it 
would be expensive to use low bandwidth PLC and instead, some studies propose to route PLC back to 
control centres using alternative backhaul technologies [54].  

The smart grid and the environment it creates, have been called the Internet of Energy (IoE). Devices 
that are connected to the smart grid have access to information such as variations in electricity price 
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and they can use this information to constantly adapt their consumption and production behaviour. This 
environment is called the Internet of Things (IoT) which was expected to grow to 50 billion connected 
devices worldwide by 2020 [55]. The connectivity and accessibility that the IoT provides, leads to further 
improvement of customer experience, thus enabling customers to have better control over their 
monthly energy usage and improve the efficiency of their devices.  

Additionally, the IoT enables infrastructure operators and utility providers to cut costs through 
diagnostics and neighbourhood-based meter reading. It enables them to have more insight and control 
over their traditionally passive networks and to be capable of driving new levels of operational efficiency 
and modernizing their communication with network customers [55]. As such, IoT helps in building a 
more connected, cost-effective and enhanced smart grid. The development of IoT has paved way for 
the development and implementation of smart DMS with advanced Supervisory Control and Data 
Acquisition (SCADA) systems that enable DSOs to integrate new access points to their grids and manage 
their network faster and more reliably. These systems are also enabling DSOs to better monitor their 
network and enhance their efficiency while minimizing maintenance costs by anticipating problems 
before their occurrence. For instance, the IoT-based SCADA, integrated with Fog architecture for Power 
Distribution Automation (Figure 37) performs outage management by locating the fault locations 
through querying the smart meters data. 

 

 
FIGURE 35: IOT BASED SCADA [56].  
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FIGURE 36: SYSTEM FLOW DIAGRAM FOR IOT BASED DISTRIBUTION AUTOMATION SYSTEM. SOURCE: [56]. 

 

The majority of smart grid features deal with massive amounts of data generated by a large number of 
devices. This data can be transformed into valuable insights by applying high-volume data management 
and advanced analytics (i.e. big data). Utilities and power network operators can gain insight into their 
operations and become more proactive in taking actions based on advanced analytics by developing 
and capitalizing on big data capabilities. These insights may help improve the efficiency, reliability, and 
sustainability of the power grid through different use cases such as outage detection and restoration, 
preventive maintenance, shaping customer usage patterns, demand response, distribution system 
automation and emission control [57]. 

With access to large volumes of data comes the need for fast and reliable processing. This is where 
cloud computing plays an important role. Cloud platforms enable DSOs to improve their functionalities 
and ensure that the supply and demand of electricity are matched at all times. This is mainly because 
these cloud-based platforms have access to broadband networks and are designed to have impeccable 
performance, scalability, and flexibility. Cloud computing could play a key role in improving the DSO’s 
quality of service and enable them to provide additional services, especially with their ever-increasing 
access to consumer data.  

An important notion to consider here is avoiding bad data that arises from synchronization and 
consistency issues between legacy and new systems. Another aspect to pay attention to is data security 
and privacy, whereby protecting data from unauthorized usage is essential. The state of the art of smart 
grid security is progressing towards the development of standard methodologies and measures that are 
designed in the framework of the smart grid functions. The needs perceived from the smart grid 
stakeholders fall in the areas of risk assessment, security requirement definition, and measurement 
evaluation. In the last five years, several European and International initiatives related to the 
standardization of the energy grid technologies stressed the importance of cybersecurity in the smart 
grid context. In 2018, the EU adopted the General Data Protection Regulation (GDPR) to harmonize the 
rules for data protection within the EU Member States and to raise the level of privacy for individuals 
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[58].  Academic research also moves towards these topics with the example of the development of 
specific solutions such as the CySeMoL (Cybersecurity Modelling Language) tool for evaluating the 
security of SCADA architectures [59]. It is therefore essential for DSOs to take into account these 
standards when handling consumer data. 

11 STAKEHOLDER EXPECTATIONS AND INTERPRETER PLATFORM 
REQUIREMENTS  

Based on the set of relevant trends and topics presented in the previous sections, the consortium 
partners21 were invited to express their assumptions on the likelihood and potential impact on the 
distribution grid of said trends and topics, answering 3 questions (consolidated answers are presented 
in Table 2): 

A. To which extent is the topic likely to materialize in the near future (horizon 2030)? 
B. What would be the likely impact on grid planning if the following topics were to materialize? 
C. How do you perceive the ability of DSO to influence the emergence of this topic? 

Whilst discrepancies appear regarding certain topics (e.g. the impact of the participation of new small 
players in electricity markets, the potential decrease of non-technical losses provided by the further 
digitalisation of distribution grids), the consortium partners had unified views on others. With regards 
to the definition of the INTERPRETER set of tools, the focus should be put on the topics likely to realise, 
having a significant impact, and on which DSOs can influence the realisation. Consequently, the tools 
developed in the next work packages should address the following: 

• The need to revise the resource adequacy assessment methodologies 
• The impact of high RES penetration on the network resiliency 
• Many energy services (mostly related to flexibility) will rise at the distribution level 
• The considerable impact of EV penetration on electricity load patterns 
• The necessity of defining transparent and cost-reflective network tariffs tailored for new 

types of energy uses and behaviours (prosumer, ECs) 
• The need to digitalise the grids’ infrastructure and the DSO’s operation model 

Based on this perception and our analysis of the current and coming needs with regards to distribution 
grids’ management and operation, we provide below recommendations on the scope of the 
functionalities provided by the INTERPRETER tools.  

The evolution of European electricity markets, technological advancements and regulation designs 
presented above call for a switch of paradigm regarding networks’ planning and operation. The “fit and 
forget” philosophy appears overpassed and unappropriated to cope with the challenges and aspirations 
of our society concerning climate crisis and energy transition. The intermittency of RESs, the 
optimization of energy systems and the adoption of smart grid infrastructure are among the causes of 
the obsolescence of the fit-and-forget approach. Hence comes the need for network managers mainly, 
but for a wide range of energy market stakeholders as well, to be equipped with tools and methods to 
enable them to adequately address the needs and challenges lying on their shoulders. These tools 
should take advantage of technological advances (e.g. big data) and be designed in the first place to 
make network managers the market facilitators that European regulation expects them to be.  

 

 
21 The partners that answered the questionnaire were CUERVA, CERTH and CARTIF.  
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A: 

Materialization 
until 2030 

B:  
Impact on grid 

planning 

C:  
DSO influence  

Planning and 
operation 

Resource adequacy and grid 
modernization 

very high very high very high 

Economic short-term operation high high high 

DSO / TSO coordination high very high very high 

Reliability & 
resiliency 

Secure operation under high RES very high very high very high 

Resiliency during extreme events medium medium medium 

Electricity 
Markets 

Energy and ancillary services from 
DSO grid 

very high very high very high 

Participation of small players medium diverse views medium 

Aggregation very high medium medium 

RES 
Transmission level diverse views high medium 

Distribution level high high medium 

DER 

Existing and future technologies very high high high 

Coordination of DERs medium high medium 

Regulation high high high 

Flexibility 

Aggregator medium diverse views medium 

Storage high high high 

Procurement of long-term flexibility 
needs 

low low low 

Energy 
efficiency 

Technical losses reduction medium high medium 

District heating and cooling medium high medium 

E-mobility 

Charging station very high very high very high 

V2G medium high high 

Load forecasting medium medium high 

Energy 
Communities 

Revised network tariffs and 
incentives 

very high diverse views very high 

Relationship with DSO high high high 

Planning and operation high very high high 

Digitalisation 

Smart metering very high high very high 

Data management very high very high very high 

Non-technical losses reduction very high diverse views very high 
TABLE 2: CONSOLIDATED PARTNERS ASSUMPTIONS ON THE LIKEHOOD AND POTENTIAL IMPACT OF THE 

PRESENTED TOPICS. 
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The toolbox of a modern network operator should encompass four main dimensions:  

• Collection and systematic use of real-time data; 
• Exchange of information and coordination; 
• System automation; 
• Strategic analysis for adaptation to foreseen changes. 

Since the Third Energy Package of 2009, the Electricity Directive makes smart metering infrastructures 
central to overcoming the fit-and-forget philosophy. Today’s technologies enable the uptake of massive 
amounts of data, its refinement, and its transformation into actionable insights. This constitutes the 
very first step of the modernization of DSO activities. While Advanced Distribution Management 
Systems (ADMS) already enable and strengthen the real-time monitoring of the network infrastructure 
(cables, transformers, etc.), the real-time monitoring of end-user loads and prosumer generation 
profiles constitutes a rather new practice. The acknowledgment of real-time energy flows is the first 
enabler of the “monitor and adjust” philosophy which should constitute the new paradigm of network 
planning and management. European regulation defines the functional and technical requirements of 
the smart metering infrastructure, but with each Member State being responsible for the design of its 
data management infrastructure, different models will likely emerge across the EU. Nevertheless, all 
aim at enabling the use of real-time data by the full range of market participants. Since DSOs are 
responsible for smart meter data management in almost all Member States, their role of market 
facilitator will mostly be to provide and control the access of data by third parties (suppliers, 
aggregators, etc). The ability to provide and control data access by market participants will require the 
establishment of ordered data access procedures, IT identification and security checks, eased 
procedures for consumer agreement, and revocation of data access authorization, among others. 

Once the data are collected and compiled at the distribution level, these should be turned into handy 
insights and shared with the TSO. Seamless exchange of information is needed for effective cooperation 
between DSOs and TSOs, which emphasized in the energy regulation and required to cope with the 
intermittency of RES. Whilst the previous paragraph depicts a single flow of data (from DSOs to third 
parties), the emphasis is here set on a bi-directional exchange of information. The development of 
information exchange platforms, easing the coordination on a day-to-day basis and taking advantage of 
the fine granularity of metered data will be key in the improvement of network operation. Meanwhile, 
such platforms could form a digital agora where TSOs and DSOs could meet and coordinate their 
network development plan and permit unused resources (generation, flexibility) located in a given area 
to be taken advantage of elsewhere.  

Distribution systems in EU Member States are already largely automatized, but automation must be 
extended to new “smart” components located at the end of the electricity supply chain (IoT, smart 
charging, etc.). The inherent flexibility of increasingly common smart appliances can be leveraged to 
increase end-use energy efficiency and to cope with RES intermittency. Nonetheless, signals have to be 
sent for these appliances to operate “smartly”. Even if market signals are used to activate the appliances 
(e.g. charging of EVs when electricity prices are low), the information flow is still a one-way street, most 
of the time from the supplier to the end-user. Distribution systems’ intelligence infrastructures should 
be able to map and communicate with flexible appliances to rip benefits of the significant, but still 
hidden potential. Existing R&D pilot projects aim at designing IT infrastructure to turn houses (and their 
various components) into flexible assets. DSOs should thus take advantage of the available research and 
pilots to develop a digital interface between the network and the ready-for-demand-response premises 
that will enable the fit-for-purpose automatization of the IoT.  

The changes currently happening, in terms of technological progress and power market mechanism 
design call for a revision of the way network planners establish their development plan. The 
intermittency of renewable generation technologies, energy efficiency and electrification of the 
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transport sector are among the major trends that already materialized that do not suit the “fit and 
forget” philosophy. Plus, the emphasis of EU regulation on transparency, cost reflectiveness, and non-
discriminatory character of network tariffs for new and emerging practices (ECs, collective self-
consumption, EV charging infrastructure) also calls for the establishment of sound, transparent and 
publicly accessible network tariffs setting methodologies. As these methodologies will likely be 
challenged, by regulation authorities, energy suppliers, or by the end-users, DSOs should base their 
analysis on factual and verifiable elements and use state-of-the-art modelling techniques. The 
systematic use of real-time metered data, power flow optimization, and electricity dispatch tools will 
strongly reinforce the accuracy of the cost-benefits analysis performed to assess the coming needs in 
terms of grid planning.  
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12 CONCLUSIONS 

Power systems are transforming significantly due to the global transition towards decarbonization, 
leading network operators to face several challenges. The increasing penetration of renewable energy 
sources in the generation mix, especially from distributed sources, along with the growth of the 
“prosumer” concept are examples of trends that are rapidly changing the way that DSOs are designing 
and operating their networks. This report analyses the most prominent factors that have been changing 
the traditional functionalities of electricity network operations. It aims at highlighting not only the 
challenges that accompany the integration of these changes into the DSOs’ business models but also 
the untapped opportunities.  

To properly assess the different aspects of each of the topics analysed, a systematic literature review 
was conducted to leverage on expert knowledge the matter. The main goal of this report, however, is 
highlighting the key attributes on which INTERPRETER, as a solution, should focus. As a grid management 
solution consisting of different software applications, INTERPRETER is intended to optimize network 
design, planning, operations, and maintenance. It is therefore essential that the tool is devised based 
on the existing and anticipated challenges that grid operators would face on a day-to-day basis. It is 
recommended that this tool paves way for operators to evolve towards a more dynamic planning 
process and to take into account all the risks that the rapid changes may bring. Some of these risks 
include the lack of synchronization and consistency between legacy and new systems leading to “bad 
data”, failure to adhere to data security and privacy laws, and others. Besides, the tool should enable a 
grid planning optimization feature to allow DSOs to plan for their network enhancements while taking 
into account all the options available, such as the procurement of ancillary services that could help lower 
capital expenditures. All in all, the tool must be designed in a fit-for-purpose perspective to address 
DSO-specific challenges and opportunities. 
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