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Executive summary

The EUniversal project has the primary objective to overcome the existing limitations in the use of
flexibility by distribution system operators (DSOs). A Universal Market Enabling Interface (UMEI) will
be implemented to foster the provision of flexibility and link the active system management of
distribution system operators with electricity markets. In this context, this document analyses the
recent and ongoing European policy and strategy that will shape the future electricity grid and
markets. Challenges and opportunities for grids and markets are identified and discussed to provide
high-level recommendations and contribute to the distribution system evolution.

The ongoing energy transition is already affecting the electricity system; however, given the long-
term GHG emission objective to be achieved, fundamental changes are imperative for the distribution
system even in the near future. Policy drivers such as the use of renewable sources, the
decentralisation of electricity generation, and the electrification of the energy demand will bring
fundamental changes to the distribution system. Technology development such as digitalisation
allows customers to connect at distribution networks to become active participants who interact with
the system. Consumers with distributed energy resources can provide electricity back to the network
by installing distributed generation and storage technologies, including electric vehicles. These
technologies can provide a wide range of system services (frequency and non-frequency ancillary
services, including congestion management) and support grid planning and operation.

The full document provides a high-level assessment of the needs of the future distribution system.
This top-down qualitative approach identifies the overall objective to be achieved, the limits of
strategies, and the high-level challenges to be addressed. The described top-down approach guides
the assessment at the local level (bottom-up approach) that requires local information (e.g., actual
deployment of the technology options, technical knowledge of the grid) to determine quantiatively
the flexibility needs of a specific distribution network.

As described in this Executive Summary, the EUniversal Deliverable 1.3 contributes to the ongoing
transformation of the electricity system by discussing the following points.

o The analysis of the future distribution system by considering the long-term vision of the
European Union (EU) for a carbon-neutral society in 2050 and reviewing national energy and
climate plans of several target countries (Germany, Spain, Belgium, Portugal, and Poland).

o The definition and identification of the relevant technology options to study the existing
interrelationships among them and determining the subset of technology options responsible
for severe impacts on the distribution system.

o The assessment of the expected future scenario for the EU, to understand the different
deployment levels expected for each technology option. The most ambitious EU scenarios
that respectively foster electrification, energy efficiency, use of hydrogen, and use of power-
to-X technology are reviewed to understand the needs of the future distribution system.

e The discussion on the main challenges concerning the future distribution system and the
provision of recommendations to address these challenges focusing on the consequences due
to the deployment of the technology options.

The description of the EU long-term vision for climate and energy and the analysis of the long-term
national, the analysis of the technology options and the analysis of the EU long-term scenarios allow
to puzzle out the main features that will characterise the long-term backdrop of the future of the
distribution system. The full document concerns the required changes in planning and operation
practices, the adoption of mechanisms for flexibility procurement, the required innovations in
regulation, and the required changes in business models of the main distribution system actors.

The activities described in this deliverable aims to provide insights and recommendations
highlighting challenges and opportunities from the technical, regulatory, and market perspective to
contribute to the evolution of the distribution system from now to 2050 and beyond.
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The vision for a carbon-neutral EU in 2050

High-level policy goals drive the evolution that the electricity system is experiencing; hence, this
document firstly describes the long-term vision for a carbon-neutral EU in 2050 corresponding to the
energy and climate policy goals. The European strategy is based on seven main action blocks: energy
efficiency, deployment of renewables, sustainable mobility, circular economy, interconnection of
infrastructures, carbon capture storage technologies, bio-economy and carbon sinks. Not all these
action blocks directly impact the distribution system; however, these action blocks are intertwined,
and therefore indirect impacts on the distribution system are required to be investigated. The analysis
of the ling term energy and climate plans of the target countries included in the EUniversal project
(Germany, Spain, Belgium, Portugal, and Poland) allows to identify policies and technologies which
adoption is expected in the future European electricity system. The most relevant technologies to
achieve the national climate goals for each of the target countries are identified considering economic
sectors such as transportation, buildings, and energy. Based on scientific literature, the univocal
definition of each technology option is provided to ease the communication on the related concepts
and harmonise the terminology used in the different national plans, since among the national plans
often the same technology option is described with different terms. Furthermore, the mapping of the
content of the long-term national plan considering the proposed concise list of technology options is
addressed. Moreover, the comparison of the five national plans allowed to analyse similarities and
differences regarding the technology options to be adopted in the future energy system of the
different countries. Historical and geographical (and then climate) peculiarities influence the role that
each technology option plays in the different national plans. Several technology options will be
developed in all countries (e.g., battery electric vehicles, heat pumps, energy efficiency measures for
buildings, renewable energy at the household level, energy storage systems). Contrariwise, other
technology options are crucial only for some of the national energy plans of countries (e.g., large
renewable power plants, CHP, biomass, heating and cooling networks). These differences highlight
that one solution does not fit for all countries to achieve the policy and climate goals.

The vision for a carbon-neutral EU in 2050 and the relevant national energy and climate plans for the
target countries are discussed in the full document in chapter 2: The long-term vision for a carbon-
neutral EU in 2050.

Analysis of the relevant technology options considering the impact on the distribution system

The analysis of relevant technology options considering the impact on the distribution system is
addressed starting from the list of technology options proposed as a common framework for mapping
the initiatives in the national plans. The proposed high-level analysis considers the impacts to the
distribution system at the system level, it assesses the technology options irrespective of local
conditions such as the actual level of deployment of the technology options and the status of the grid.
This analysis aims to identify the main aspects that have to be considered in quantitative estimations
of the flexibility needs, which, in turn, requires detailed information regarding the context and the
technical knowledge of the grid. Therefore, the high-level analysis concerns the impacts due to each
single technology option without considering the future scenario and the actual grid characteristics;
it is, therefore, scenario and grid agnostic. This analysis is complemented by the scenario analysis
further addressed in the full document..

Firstly, the linkages among the technology options is qualitatively assessed. Each technology option
represents a specific measure introduced to create impacts on the energy sector. However, the
generated impacts may affect more than one subsector and influence the impacts and the deployment
of other technology options. In the qualitative analysis, the technology options have been pairwise
compared, considering a five-point scale that describes the nature and the intensity of the relationship
(i.e. interdependency, mutual reinforcing, neutrality, weak competition, strong competition).

The linkage analysis points out the relationships among the technology options in terms of their
mutual influence. Since each long-term scenario devises a different level of deployment for each
technology option, the influence on the other technology options affects the overall scenario impact
on the planning and operation activities of the distribution system.
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The technology options identified and categorised represent the set of measures that will be
implemented in the next future as declared in the long-term national plan. However, not all these
technology options have an impact on the distribution system. Therefore, each of the technology
options in the list retrieved from the analysed national long-term plans is assessed to determine the
potential impact on the distribution system. The impact on the distribution system (operation and
planning) is defined as the requirement of dedicated countermeasures to face the technology option
deployment. The criteria adopted to identify the relevant technology options are the connection to
the distribution grid, the asset typology (load, generator, or both), the capability to generate
bidirectional electric power flows, and the ability to provide short-term flexibility. The corresponding
impact on the distribution system is then classified considering two attributes that describe if the
technology option affects the planning stage, the operation stage, or both, and if the impact is direct
(i.e. it concerns connected resources) or indirect (i.e., the technology option affects the distribution
system through the effects caused by synergic or competing technology options). This assessment led
to a subset of technology options of interest for evaluating the impact on the distribution system
considering the different scenario paths.

The analysis of the relevant technology options is discussed in the full document in chapter 3: Analysis
of the technology options considering the impact on the distribution system.

Flexibility needs in long-term scenarios

Understanding the impact on the distribution system caused by developing the different technology
options requires studying the expected future scenarios. The analysis of the future scenarios allows
understanding the different deployment levels expected for each technology option. Therefore, the
impact on the distribution network and the corresponding need for flexibility depends on the
characteristics of the considered future scenario.

In the full document, the scenario paths defined by the European Commission for the Clean Planet for
All package are described and analysed. The analysed scenarios have 2050 time-horizon and are
designed to reach a carbon-neutral society. All the scenarios are studied; however, the main focus is
on the scenarios ELEC, H2, P2X, and EE, which have been selected for the scope of the activities
described in this document since defining the most stressful conditions for the distribution system.
These scenarios pursue the most ambitious goal regarding the world temperature increase (“well
below 2°C” ambition) and consider achieving this goal by adopting only energy generation and
demand-side actions. Each scenario expects to reach the policy goals relying on a strategy based on a
sectorial set of action. The ELEC scenario is based on the electrification of the energy demand, the EE
scenario relies on the adoption of energy efficiency measures, the H2 and P2X scenarios promote
respectively as primary options the use of hydrogen and power-to-x technologies. The ELEC, H2, P2X,
and EE represents the extremes within which the actual future would lay. Uncertainties and
specificities related to the local conditions make it likely to assume that none of these scenarios will
actually occur. However, the actual future scenario can approximate one of those scenarios that define
the vertexes of the uncertainty box. Each scenario is analysed to determine the technology options
adopted and understand the corresponding deployment level. Then, considering each technology
option independently, the impact on the distribution system in terms of flexibility needs is studied
considering the four factors: electricity demand increase, an increase of generation from renewable
sources, the increase of solar generation at the distribution level, the increase of technology options
able to provide flexibility. The first three factors determine an increase of the flexibility needs of the
distribution system, while the latter factor determines by itself a reduction of the residual need for
flexibility in the distribution system.

The findings of the scenario analysis point out that the most relevant technology options to be
considered for the related impact in the distribution system are the battery electric vehicles, heat
pumps, building refurbishment, renewable generation at the household level, combined heat and
power (CHP), and building automation. Moreover, the scenario analysis highlights that to
quantitatively estimate the impacts of technology options on the distribution system; it is necessary
to complement the information available from the high-level scenarios, particularly by estimating the
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quota of local generation expected to be connected in the distribution system, the deployment of CHP,
and the adoption of building automation technologies. Reliable information on these technology
options can be available only at the local level, in line with the requirements for moving from a
qualitative to quantitative estimation of the impacts on the distribution system. Therefore, it is
highlighted that assessing the flexibility needs for the future distribution system requires both a top-
down and a bottom-up approach. The top-down qualitative approach allows understanding the
objective to be achieved, the boundaries of the strategies, and the high-level challenges. The top-down
approach guides the bottom-up approach the requires information on the local conditions such as the
actual level of deployment of the technology options and knowledge of the grid (e.g., the status of the
network, zonal load and generation type and capacity) to determine quantitatively the flexibility need
of a specific distribution network and the already available flexible resources. This document
represents a top-down analysis to identify the distribution system needs in the long term. The aim is
to identify the main aspects that have to be considered in the bottom-up quantitative approach for
estimating the flexibility needs of a specific network; which, requires detailed information regarding
the context and the knowledge of the grid.

The assessment of the flexibility needs in long-term scenarios is discussed in the full document in
chapter 4: Flexibility needs in long-term scenarios.

Challenges and solutions for the long-term future of the electric distribution system

The analysis of the long-term vision for a carbon-neutral EU in 2050, the national energy and climate
plans, the study of the technology options, and the future scenarios expected in the EU allow
formalising a set of general recommendations to guide the evolution of the EU future distribution
system. These recommendations for the long term vision of the distribution system concern the
technology option deployment to take full advantage of the changes expected for the distribution
system, the modernisation of distribution system planning and operation, the flexibility procurement
mechanisms to be adopted, the evolution of regulation and business models.

The findings and recommendations for the future electric distribution system are discussed in the full
document in chapter 5: Challenges and recommendations concerning the future distribution system.

Technology options deployment in the future electric distribution system

The high-level analysis of the impact on the distribution system presented in the full document
provides an overview of the development of the different technology options considering different
possible strategies. This analysis sets the basis for a more detailed analysis that can be addressed at
the local level. In fact, quantitative appraisals of the future need for flexibility has to be local since it
is fundamental to include the characteristics of the distribution system under analysis (e.g., regulation
at country level, the status of the network, the zonal load and generation type and capacity). The
analysis described in the full document identifies the technology options to consider carefully, how
these technology options are intertwined, and how the deployment of the different scenarios for the
energy system influence the technology option deployment and the related impact on the future
distribution system.

In general, scenarios based on electrification may determine the most relevant impact on the future
distribution system. However, smart energy system integration across sectors has to be pursued as a
primary goal in each decarbonised scenario. The decarbonisation of our society requires better
integration of the different sectors and the related infrastructures. Sector integration allows
maximising the exploitation of the available resources contributing to the decarbonisation of the
energy system. Additional research, innovation and demonstration are required to understand the
crisscrossed impacts among the different sectors and infrastructures. Moreover, digitalisation
represents an overarching trend in the EU; pursuing digitalisation allows monitoring and controlling
the energy processes by enabling the management of the decentralised energy system. Therefore, to
face the challenges of the future decarbonised scenarios, digitalisation of the distribution system is
required to enhance the observability and controllability of the network infrastructure.
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Operation and planning for the future distribution system

As also pointed out by the study of the future EU scenarios expected, operating and planning the future
distribution system is subject to high uncertainties, mostly due to the various possible technology
options deployed and the various operational schemas that could be adopted in the long term. The
high-level analysis shows the principal requirements for flexibility, depending on the deployment and
design of technology options in various long-term scenarios. A quantitative analysis of the flexibility
needs that sufficiently considers the local conditions (e.g., the status of the network, zonal load and
generation type and capacity) is essential for distribution network planning. Likewise, regulators
need quantitative analyses to shape efficient regulations, enabling the cost-effective development of
the sustainable energy system.

Several tools to support this quantitative assessment exist, other tools or models are emerging.
EUniversal D1.2 presented a characterisation of distribution network control and management tools
and technologies to enable the participation of Distributed Energy Resources (DER) in flexibility
markets. This characterisation is used as a reference frame while projecting potential DSOs needs for
operation and planning tools up to 2050.

Long term planning with a time horizon up to 2050 needs to consider the input data based on the
respective scenario paths as well as the related feasible operational models. This will allow applying
counter-measures and reducing potential overinvestment resulting from high switching costs based
on technology lock-in on the time-scale of the planning horizon 2050. Long-term planning scenarios
need to consider the degree of decentralisation of Distributed Energy Resources (DER) and the
corresponding CAPEX and OPEX for ICT needed to coordinate a highly distributed system with very
high security of supply requirements. Realistic large-scale distribution system models, so-called
Reference Network Models (RNM), should be used to validate complex active network operation and
planning. The knowledge of load and generation behaviour, the load, generation, and flexibility
forecasting become essential for distribution system operation and planning. Therefore, load
profiling, continuous forecast quality and availability assessment are needed for cost-effective and
resilient operation and planning in the future distribution system.

Mechanisms for procuring flexibility from third parties in the future electric distribution system

As highlighted by the scenario and technology option analysis, all scenarios for the future distribution
system concern developing technology options capable of providing system services to the DSO. Any
mechanism for acquiring system services shall aim for technology neutrality, as discussed in
EUniversal Deliverable 5.1, “Identification of relevant market mechanisms for the procurement of
flexibility needs and grid services”. Due to the great variety of resources that can support the power
system by providing system services, DSOs can use a wide range of mechanisms to acquire flexibility
from resources owned by other players of the distribution systems (e.g., distributed generators,
prosumers, customers, aggregators). The key mechanisms of interest of EUniversal identified are
flexible access and connection agreements, dynamic network tariffs, and local flexibility markets.
Flexibility markets should be preferred unless the conditions make them impossible. Moreover, the
local characteristics have to be carefully assessed to ensure enough liquidity and prevent market
distortions. Dynamic network tariffs and connection agreements could involve small business and
residential customers in providing flexibility since the low complexity for the final electricity users.

Innovation in regulation for the future electric distribution system

The review of the EU long term vision and scenarios and the analysis of the possible technology
options point out the tremendous transformation required to the distribution system. Modernisation
of regulation has to accompany the energy transition and distribution system evolution, taking
advantage of the available opportunities without jeopardising the supply quality and security and
increasing the overall system costs. The novelty of mechanisms for procuring system services from
resources connected to the distribution system makes pioneering designing mechanisms such as local
markets; thus, it requires to resort regulatory experimentation to explore all possibilities, assess local
conditions, and determine strengths and weaknesses of the possible mechanisms. Regulatory
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experimentation helps national regulatory authorities and DSOs to obtain evidence to support
elaborating the regulation needed in the future distribution system.

Regulatory sandboxes are legislation instruments to experiment with innovative business models or
technologies, which legal or regulatory barriers would hinder under normal conditions. Innovation
and business model development can be achieved by granting stable conditions for a limited time
(and often limited geography) by opening, repealing, or disabling rules and regulations or keeping
existing regulations and compensating the participants. Regulatory experimentation and the adoption
of regulatory sandboxes are seen as useful means to address the relevant issue of distribution
networks in a decarbonised scenario. Main challenges to be addressed regard market integration,
project appraisal, distribution network planning, flexibility remuneration, and TSO-DSO coordination.

Novel business models for the actors of the future electric distribution system

The analysis of the EU long-term scenarios and the corresponding level deployment of the technology
options make evident that the evolution of the distribution system implies the emergence of new
actors and business models; moreover, changes are necessary for the business models of the existing
electricity actors depending on the new roles covered and assigned responsibilities.

The role played by the DSO is peculiar considering the responsibilities for ensuring security and
quality of the electricity supply and the requirement to guarantee universal access to the grid to the
other actors of the electricity sector. The DSO business model is strongly influenced by the assigned
responsibilities and the boundaries fixed by regulation for its role. In fact, the DSO business models
change if grid ownership and grid operation are assigned to different entities and if the role of the
local market operator, local energy manager, or data manager are also covered by the DSO.

Regarding Flexibility Service Providers (FSPs), the actual business model will depend on the flexibility
procurement mechanism in force (e.g. obligation, network tariffs, connection agreements, or market-
based procedures). Moreover, in flexibility markets involving resources connected to the distribution
system, the aggregator of flexible resources may play a central role. The aggregator is an emerging
actor in energy systems that offers services to aggregate energy production and consumption from
different sources (generators, loads, storage) and acts toward the grid as one entity. Also, for the
aggregator, the corresponding behaviour and the business model differ according to the procurement
mechanism adopted, the service provided, the boundaries imposed by regulation, and the local
conditions (e.g., distribution grid scarcities, flexible resources availability).

Conclusions and contributions of EUniversal Task 1.3

This deliverable provides a long-term vision for technologies, particularly utility-scale and distributed
renewable generation, storage, electric vehicles, and smart grid developments, based on the analysis
of six EU target countries (i.e.,, Germany, Spain, Belgium, Portugal, and Poland). The challenges and
opportunities for system and network operators are identified under current regulatory frameworks
and market rules, so that future flexibility needs are characterized. The contributions of the present
deliverable are:

e the analysis of the long-term European strategy for a carbon-neutral society (section 2.1),

e the definition of the main technology options and the formalisation of a unified list (section
2.3),

e the analysis of long-term plans of the EUniversal project target countries (Germany, Spain,
Belgium, Portugal, Poland) and the mapping with the technology option defined (Table 2-9),

o the identification of the technology options which can impact the distribution system (Table
3-4),

e the analysis of the high-level EU scenarios for 2050 to identify the deployment level expected
for the technology options (section 4.3.1),

e the high-level appraisal of the impact that each scenario would have on the distribution
system (section 4.4),
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e the discussion on findings and recommendations regarding technology options, planning and
operation of future distribution networks, regulation for the future distribution system,
business models for the actors of the future distribution system (section 5).

The achievements mentioned above serve as an input to WP4, WP5 and WP10, where best practices
and detailed recommendations for operation and planning activities, new business models, market
arrangements, and regulatory mechanisms are provided.

The closing remarks are discussed in the full document in chapter 6, titled “Conclusions”.
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1 Introduction

The EUniversal project, funded by the European Union, aims to develop a universal approach on the
use of flexibility by Distribution System Operators (DSO) and their interaction with the new flexibility
markets, enabled through the development of the concept of the Universal Market Enabling Interface
(UMEI) - a unique approach to foster interoperability across Europe.

The UMEI represents an innovative, agnostic, adaptable, modular and evolutionary approach that will
be the basis for the development of new innovative services, market solutions and, above all,
implementing the real mechanisms for active consumers’, prosumers’, and energy community’s
participation in the energy transition.

The EUniversal project has the primary objective to overcome the existing limitations in the use of
flexibility by DSOs. A Universal Market Enabling Interface will be implemented to foster the provision
of flexibility and link the active system management of distribution system operators with electricity
markets. In this context, the present deliverable analyses the recent and ongoing European policy and
strategical initiatives that will shape the future electricity grid and markets.

The present deliverable is part of the Work Package 1 (WP1) contribution to the EUniversal project.
Figure 1-1 depicts the flowchart of the correlations among EUniversal project tasks. EUniversal WP1
is entitled “Future vision for flexible grids and well-functioning seamless electricity markets”, and
aims to: review recent and on-going policy and regulatory initiatives that may shape the grids and
market of the future (Task 1.1); assess and draw lessons learnt from recent and on-going research
and demonstration initiatives relevant to the project objectives (Task 1.2); and define a future vision
for challenges and opportunities for European electricity grids and markets (Task 1.3). The goal of
WP1 within the EUniversal project is to set a common framework in terms of policy, regulation,
markets, product/services, technologies and future vision.

The present deliverable concerns the findings of EUniversal Task 1.3 activities, “Definition of
challenges and opportunities for grids and markets”, led by COMILLAS with the contribution of EASE,
E.DSO, ENERGA, E.ON, E-REDES, IEN, INESC, and VLERICK. This task collects the inputs from the
previous two tasks to define a long-term vision beyond 2030 characterizing the challenges and
opportunities of distribution grids and electricity markets (technologies, stakeholders, business
models, regulation, market design) in a decentralized, decarbonized and digitalized power system.
This task develops for each of the EU target countries a long-term vision for technologies, particularly
utility-scale and distributed renewable generation, storage, electric vehicles, and smart grids. The
challenges and opportunities for system and network operators are identified under current
regulatory frameworks and market rules, so that future flexibility needs are characterized. The
identification mentioned above serves as an input to WP5 and WP10, where best practices and
recommendations for new business models, market arrangements and regulatory mechanisms are
provided.
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Figure 1-1. Correlations among EUniversal project tasks

The structure and the main aspects addressed by the present deliverable are described in Figure 1-2.
Climate change concerns represent a big challenge since severe consequences are expected in terms
of increased frequency and intensity of extreme weather events that would undermine productivity,
infrastructures, health, biodiversity, ability to produce food, and political stability [1], [2]. Worldwide
efforts are ongoing to address the climate change challenges and avoid the expected dire
consequences; several national and international plans have been devised and proposed to adopt
effective actions to reduce the carbon footprint of our society [3]. In this context, the decarbonisation
of the electricity supply is a pivotal action, which mainly relies on increasing the electrical energy
generated by renewable resources and pursuing energy efficiency [2]. In decarbonization scenarios,
the need to maximise the exploitation of the intermittent energy sources and the available resources
and infrastructure makes it indispensable to abandon the traditional load following paradigm to
adopt mechanisms that foster the active participation of all connected resources to the electric power
system operation [4]. The resources connected to the power system have to be capable of adapting
their electricity exchange to the needs of the power system operation. The active participation of the
connected resources is a means for addressing the power system transformation at a reasonable cost,
without harming the security and quality of the electricity supply, unlocking the potential flexibility
of the already available resources, and fostering the availability of new resources [5]-[7].

Page 19 of 122



UMEI

'|" =Universal

In the decarbonised scenarios, the distribution system will face unprecedented changes due to the
advent of distributed energy sources fed by renewables and new loads due to the trending
electrification of the energy demand [8]. On the one hand, providing distribution network to
distributed generation and new loads requires huge investments; on the other hand, if these resources
are effectively integrated with the distribution system planning and operation, they can contribute to
relieving their own impact and reduce the investments required for upgrading distribution system
[5], [6], [9]-[11]. These investments are part of the investments required to keep updated the
distribution system to guarantee the quality and reliability standards of the electricity supply.

The assessment of the flexibility needs for the future distribution system requires both a top-down
and a bottom-up approach. The top-down qualitative approach allows understanding the objective to
be achieved, the limits of the strategies, and the high-level challenges. The top-down approach guides
the bottom-up approach that requires local information such as the actual level of deployment of the
technology options and knowledge of the grid (e.g., the status of the network, zonal load and
generation type and capacity) to determine quantitatively the flexibility need of a specific distribution
network and the already available flexible resources. This document represents a top-down analysis
to identify the long term needs of the distribution system. The aim is to identify the main aspects that
have to be considered in the bottom-up quantitative approach for estimating the flexibility needs of a
specific network; which, requires detailed information regarding the context and the detailed
knowledge of the grid from the technical perspective.

The present deliverable aims at contributing to the evolution of the distribution system by
understanding the flexibility needs of the future distribution system. The main activities leading to
this deliverable are resumed in Figure 1-2. The present deliverable is organised according to the
flowchart depicted in Figure 1-2.

The second chapter of this document concerns the description of the drivers of the power system
transformation and the requirement for the flexibility needs of the future distribution system.
Therefore, the EU policy and climate goals are described. Moreover, the National Energy and Climate
Plans of target countries included in the EUniversal project activity (Belgium, Germany, Poland,
Portugal and Spain) are analysed. The analysis of the national plans relies on the definitions of the
technology options based on scientific literature; the mapping of the content of the long-term national
plan considering the proposed concise list of technology options is addressed to ease the
communication on the related concepts and harmonise the terminology used in the different national
plans. The long-term national energy and climate plans are examined to identify policies and
technologies expected in the future European electricity system.

The third chapter of this document includes the system-level analysis of the technology options in the
relevant national plans adopting a scenario- and grid-agnostic approach. The linkages among the
technology options are qualitatively assessed. Each technology option represents a specific measure
introduced to create impacts on the energy sector. However, the generated impacts may affect more
than one subsector and influence the impacts and the deployment of other technology options.
Subsequently, the technology options are assessed considering their capability to influence the
electric distribution system planning and operation. The outcome of this assessment is a subset of
technology options that will impact the future distribution system.

The fourth chapter of this document identifies the impact of the expected future scenarios on the
distribution system by studying the technology options that will be adopted in each scenario. The
scenarios relevant for the European Union are analysed to understand the set of technology options
adopted in the different scenarios and identify the different levels of deployment expected for each
technology option. The magnitude of the generated impacts depends on the level of deployment
expected for each technology option in the different scenario paths defined in [1]. Therefore, the
impact on the distribution network and the corresponding need for flexibility that depend on the
characteristics of the future scenario are considered and discussed.

The fifth chapter of this document collects the findings of the activities described in the previous
chapter to formulate best practices and recommendations to address the identified challenges to be
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faced by the future distribution system and maximise the benefits in the long term due to the
deployment of the decarbonisation policies. Challenges and opportunities for grids and markets are
identified and discussed. Moreover, the required innovations for the operation and planning of future
distribution networks are described.

Finally, chapter six resumes the findings of the EUniversal Task 1.3 activities by providing closing
remarks and final recommendations.

\\
1L [Fireiratemn :> Motivation and goal of the activities of
EUniversal Task 1.3.
/
N . . )
Description of the EU policy and climate goals.
2. The long-termvision Definition of the technology options.
for a carbon-neutral EU Analysis of several EU countries’ long-term national
in 2050 energy and climate plan from the technology option
perspective.
/
e A
3. Analysis of the
technology options The analysis of relevant technology options include
considering the impact the study of interdependencies and the analysis of
on the distribution the potential impact on the distribution system
system
. J
//The analysis of the long-term flexibility need include: N
- The identification and analysis of the relevant
4. Flexibility needs in scenario paths proposed by the EU
long-term scenarios - The identification of the main technology options
- The definition of the impact of each scenario on
\_ the distribution system flexibility needs J/

The findings of the previous steps are discussed to
highlight the challenges to be addressed by the future
distribution system and provide best practices and
recommendation to reduce the negative impacts
expected on the long-term.

5. Challengesand
recommendations
concemning the future
distribution system

/
- N
_ Findings, closing remark, and recommendations from
6. Conclusions the described EUniversal Task 1.3 activities.
\- J

Figure 1-2. Structure of the EUniversal Deliverable 1.3
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2 The long-term vision for a carbon-neutral EU in 2050

Climate change concerns represent a big trend since severe consequences are expected in terms of
increased frequency and intensity of extreme weather events, undermining productivity,
infrastructures, health, biodiversity, ability to produce food, and political stability [1], [2]. In line with
the commitment of the 2015 United Nations Climate Change Conference (COP21) agreement to face
risks and threats expected due to climate change, the European Union (EU) proposed to the
secretariat of the United Nations Framework Convention on Climate Change (UNFCCC) a long-term
strategy which objective is to achieve net-zero greenhouse gas emissions by 2050, by a cost-efficient
and socially-fair transition [1], [12]. Since the greenhouse emissions of the energy system represent
about 80% of the overall EU GHG emissions, the energy policy plays a crucial role in the European
Union strategy for undertaking decisive climate actions [1], [2].

The terms of the UNFCCC COP21 agreements require that each Member State draw up the national
mid-century long-term plan for reducing greenhouse gas (GHG) emissions in line with the common
EU strategy [1], [2], [12]. These long-term GHG emission reduction plans have to be consistent with
the national energy and climate plans for 2021-2030 established in [13]. In particular, the EU
regulation defines the process for preparing long-term climate and energy plans and establishes the
obligation for the Member States to create a new plan every ten years.

The EU and the Member States have the ambition to lead the transition to climate neutrality by taking
advantage of the opportunities related to the potential economic growth, new business models and
markets, new jobs, and the technological development that the adoption of the measures defined in
the long-term plans would bring [12].

2.1 EU long-term vision and commitment to the UNFCCC

The EU strategy aims to achieve a climate-neutral economy with net-zero GHG emissions by 2050
through actions that would radically change key sectors, such as energy, transport, industry, and
agriculture [1], [2]. The actions for accomplishing the EU objective are based on adopting existing
and emerging technology solutions, citizens empowerment, and coordination of the industrial,
finance, and research strategies [14]. The European Union long term strategy to 2050 represents a
high-level vision for the future European society and economy; the general objective of achieving net-
zero greenhouse gas emissions by 2050 is fixed [1]. Moreover, the main actions that compose the EU
strategy are identified in the accompanying documents to guide the Member State strategies [2], [14].
Concrete 2050 targets are not defined for all actions; however, the EU commission periodically
delivers general and sector-specific medium- and short-term plans and targets [15], [16].
Furthermore, Member States periodically define the national strategy and define some of the
corresponding targets in the National Energy and Climate Plans, which comply with the overall
objective of the EU strategy [13]. In line with the scope of this deliverable, it is of interest to
understand the main drivers that would lead the development of the different technology options in
the Member States. Due to the uncertainty inherent in the definition of such a broad long-term vision,
this section focuses on the actions that characterise the EU strategy rather than on the numerical
expectations and ambitions reported in [2], [14]. A detailed analysis of the scenario paths that would
lead the EU economy towards net-zero GHG emissions is provided in section 4.

The EU 2050 long-term strategy is formed by seven blocks [14]:

1. Energy efficiency: maximise the benefits of energy efficiency, including zero-emission
buildings.

2. Deployment of renewables: maximise the deployment of renewable energy sources and

increase the use of electrical energy for fully decarbonising the energy supply.

Mobility: achieve clean, safe, and connected mobility.

4. Circular economy: introduce the circular economy paradigm by achieving a competitive
industry.

5. Network infrastructures: develop highly interconnected smart network infrastructures.

w
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6. Bio-economy and carbon sinks: the adoption of bio-economy concerns the use of renewable
biological resources from land and sea to produce food, materials and energy [17], and the
creation of carbon sinks (e.g., forests and other ecosystems) for absorbing the emitted
carbon.

7. Carbon Capture and Storage (CCS): the adoption of CCS technology to deal with the
remaining GHG emissions.

Implementing the EU strategy, the Member States are committed to climate goals by choosing the
most appropriate energy mix and technologies for ensuring energy security and competitiveness [12].

The Energy efficiency action block aims to achieve a 50% demand reduction from 2005 to 2050 [2].
Besides the already introduced eco-design and energy labelling measures, new standards and
technologies, such as digitalisation and building automation, will be exploited to increase energy
efficiency [14]. Energy efficiency measures will be adopted in the context of the decarbonisation of
the industrial sector and the reduction of buildings' overall energy demand. Regarding the energy
efficiency of buildings, energy performance standards are introduced. The existing constructions will
be renovated considering a climate-friendly approach that includes the use of sustainable renewable
sources for heating, efficient appliances (e.g. heat pumps), smart management systems for buildings
and appliances, and better insulation [14]. Achieving the energy efficiency objective requires financial
instruments, a qualified workforce, and consumer engagement [14].

The aim of the renewable strategy block consists of making renewables the principal source of
primary energy. This objective allows to improve the security of supply (by reducing the share of
imported energy from 55% to 20% in 2050), domestic jobs, and reduce GHG emissions [14]. The
increase in the share of primary energy generated by renewable will increase electricity production;
then, electricity will cover 50% of the EU final energy demand in 2050 [14]. The renewable energy
sources will cover 80% of the overall electrical energy generated in the EU [14]. Therefore, increasing
the share of renewable energy in the energy system requires exploiting electrical energy;
electrification of the final energy demand is required. Electrical energy production has to increase by
up to 2.5 times to sustain the expected increase in electricity demand [14]. The guidelines for
accomplishing this deployment of renewables include decentralisation of the electrical system and
empowerment of local communities, customer engagement with active participation in energy
markets, electrification of the demand of several sectors (transport, climatization of buildings,
industrial consumption) and introduction of e-fuels (hydrogen and power-to-X), making the electric
grid smarter and more flexible, improving the means of large-scale energy storage, improving the
participation of demand response through digitalisation, and increasing the regional
interconnectivity [2], [14].

The mobility block has the objective of achieving clean, safe, and connected mobility. The relevance
of the transport sector relies on the fact that it is still mainly based on fossil fuels [2]. Excluding
international aviation and maritime, GHG emissions from transport in 2017 were 20% higher than in
1990, and the overall GHG emission from transport are expected to rise [2]. The transition towards a
more sustainable mobility system based on low or zero-emission vehicles (e.g. electric vehicles)
would also lead to having cleaner air, reduce the noise related to traffic, and reduce the number of
accidents [14]. The EU strategy for transportation envisages biofuels, climate-neutral e-fuels for
aviation, while hydrogen and biogas would be used for shipping and heavy-duty vehicles [14]. Besides
the use of climate-neutral fuels, mobility will be modernised by adopting smart traffic management
systems that would bring an efficient organisation enabled by digitalisation, data sharing, and
interoperability [14]. In particular, urban mobility will be introduced in smart city planning, and it
will focus on safe paths for walking and cycling, clean public transport, and mobility services such as
car- and bike-sharing [14]. The success of the mobility strategy depends on the internalisation of the
external costs of transport and customer awareness [14]. For example, an effective high-speed train
system could represent a more sustainable alternative for long internal European flights [14].

The circular economy objective is focused on moving the economic system towards a more
sustainable model while preserving the competitiveness of the EU industrial sector. This paradigm
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shift will introduce recycling practices, especially for steel, glass, and plastic, which production will
become more efficient and less emissive [14]. Raw material recovery and recycling represent the
keywords for the circular economy objective. The industrial installations need to be modernised or
replaced by introducing digitalisation and automation. The industrial process has to be electrified and
use hydrogen, biomass, and renewable syngas to reduce GHG emissions [14]. As a last resort, CCS
technology will be introduced to capture emissions that could not be eliminated. Moreover, the
introduction of more sustainable materials which the related production processes are less emissive
and less energy-intensive will be favoured.

The infrastructure and interconnection objective aims to build smart and interconnected network
infrastructures to increase cross-border and regional cooperation and encourage sectoral integration
[14]. This objective will be reached by improving and extending cross-border links in Europe,
improving electric transmission and distribution grids as well as the related communication
networks, building hydrogen networks, and, where necessary, intensifying sector-coupling, for
example, enhancing the synergies between the energy and transport sectors [2].

The bio-economy and natural carbon sinks objective is aimed at facing the issues related to the
increasing demand for goods by the population and the parallel decreasing productivity due to
climate change consequences. Therefore, it is of utmost importance for agriculture and forestry to
adopt sustainable production of food, feed and fibre [14]. Biomass plays a central role since it can be
an alternative to emission-intensive materials and can also be used for heating. It can also substitute
natural gas by transforming it into biofuels and biogas [14]. It has to be combined with CCS systems
to ensure biomass's zero/negative emission footprint [14]. According to the bio-economy and natural
carbon sinks objective, the agricultural sector has to reduce nitrous oxide and methane, increase
productivity, and reduce the generated air and water pollution [14]. The measures range from
digitalisation, precision farming technologies, anaerobic manure treatment, and the adoption of
sustainable agroforestry techniques, soil-adaptive agricultural activities, and the restoration of
wetlands and peatlands [14]. Moreover, creating carbon sinks through afforestation and restoration
of degraded forest lands and similar ecosystems would generate negative emissions while preserving
biodiversity.

The Carbon Capture Storage block of the EU long-term strategy represents the resource for breaking
down the residual emissions and for producing hydrogen [14]. Investments are required for
improving the effectiveness of CCS [14].

An adequate framework of policies and transformation synergies among the different sectors of the
society has to be enabled to achieve the goal of net-zero EU GHG emissions by 2050 through the
strategy formed by the seven building blocks described in this section. The commercial rules have to
shape a circular economy system and favour sustainable technologies in energy, buildings, and
mobility [14]. The trading rules have to guarantee freedom, fairness, and competitiveness while
ensuring compliance with the climate goals [14]. Taxation has to internalise the cost of externalities
and redistribute the energy transition's burden [14]. A single digital market is seen as the key
instrument for reaching the required system integration and the realisation of new sustainable
business models [14]. Society plays a crucial role in the transition to a climate-neutral EU, citizens
have to be empowered and involved actively in the new business models as well as have to adopt
more sustainable lifestyles which would contribute locally to the transformation [14]. Finally,
research and innovation have to be incentivised since they make available the technologies which
enable and make faster the transition to a zero-carbon society [14].

2.2 National Energy and Climate Plans: beyond 2030 up to 2050

For achieving the objective of being climate neutral by 2050 through the strategy described in section
2.1, the EU requires the Member States to present periodically national plans in which actions and
measures to be adopted are specified and concretely described.

To coordinate the efforts of the EU against the climate change consequences, the EU Regulation
2018/1999 [13] introduces the requirement for the Member States to devise National Energy and

Page 24 of 122



UMEI

'|" =Universal

Climate Plans (NECPs), which have to be reported every two years and cover a ten years horizon.
These plans have to define the national measures to be adopted in the context of increasing energy
efficiency, exploitation of renewable energy sources, reduction of greenhouse gas emission,
enhancement of interconnections, and commitments in research and innovation. Citizens and
stakeholders have to be involved in the process of development and implementation of the plans. The
adoption of the measures in the NECPs is checked every two years by the EC based on the progress
report that each Member State has to present. The actual NECPs cover the period 2021-2030 [18].

In addition to the NECP commitment, in compliance with the UNFCCC COP21 agreement, the Member
States are also required to prepare and submit the long-term national strategies for 2050. The
objective of the long-term plans is the development of strategies for reducing GHG emissions, which
have to be consistent with the measures defined in the NECP. The mid-century long-term plans have
to focus on reducing the total GHG emissions and building carbon sinks [19]. Emission reduction
measures in all main sectors have to be covered in the plan, particularly electricity, industry,
transport, heating and cooling, buildings (residential and services?), agriculture, waste, and land use
[19]. Strategies for achieving a low GHG emission economy by investments, research, and innovation
have to be proposed [19]. Moreover, the socio-economic impact of the decarbonisation measures has
to be analysed in the plan as well as the coordination with the other national long-term objectives has
to be highlighted [19].

The long-term national strategies already received by the EC are publicly available [19]. Since these
plans describe, for each sector, the measures to be adopted in the next 30 years, their analysis
provides, as output, the list of technology options that will be crucial for the future European electric
distribution system. In fact, irrespective of the particular scenario path that specifies the level of
deployment expected for each technology, the list of options represent the basis of the long-term
projections. To identify the list of technology options that will be exploited for achieving climate
neutrality by 2050, the mid-century long-term plans of Germany, Belgium, Spain, Poland, and Portugal
are analysed. The outcome of the analysis of those plans is described in section 2.5.2, which serves as
input for identifying the subset of the technology options that would impact the planning and
operation practices of the electric distribution system of the next decades.

2.3 Definition of the technology options

The analysis of the national plans allows listing the technology options of interest for achieving the
climate objectives. As the analysis of the national plans in section 2.5 will reveal, the national plans
rely on almost the same set of technology options, while only some are not present in more than one
plan. Moreover, even if the same technology option may be present in different plans, it may appear
with a slightly different name. In this section, a univocal definition of the technology options based on
scientific literature is provided to harmonise similar technology options and obtain a concise list from
the analysis of the long-term national plans addressed in section 2.5.

The Battery Electric Vehicles (BEV) technology option represents a vehicle driven by electricity
using a battery that can be externally charged [21]. In this category, full-electric vehicles are
considered.

The Plug-in Hybrid Electric Vehicles (PHEVs) technology option concern the vehicles equipped
with batteries, electric motor, and internal combustion engine fuelled with gasoline, diesel, or other
fuels [22], [23]. PHEVs can recharge the batteries from pluggable external electric sources (e.g., the

1 «“Services” refer to the service sector, also known as the tertiary sector [20]. It produces no goods, but provides
a service that satisfies a need encompassing maintenance and repairs, training, or consulting. It includes diverse
organisations and enterprises.
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electrical grid) or through regenerative braking and the internal combustion engine. PHEVs
significantly reduce fuel consumption in regular driving conditions; PHEVs have been considered a
transitional technology towards BEV [22].

The FC-EV (Fuel Cell Electric Vehicles) technology option encompasses all-electric vehicles
equipped with fuel cells. The fuel cell electric vehicles are characterised by an electric motor powered
by fuel cells that convert the chemical energy of the primary fuel into electrical energy [24].

The Combustion engine + power-2-X technology option describes hybrid electric vehicles equipped
with a conventional combustion engine vehicle with synthetically produced fuels (liquid or gas) based
on zero-carbon electricity [25]. Power-to-X for the transportation sector encompasses all
technologies that convert electric energy in synthetic fuels that can be exploited for mobility. Power-
to-X technologies are typically dedicated to non-plug-in hybrid electric vehicles to be utilised for
freight and passenger transportation.

The Biomass for long-haul transport technology option includes the use of biomass for producing
energy to be used in the transportation sector; this is especially highlighted for long-haul transport in
the aviation and marine transport modes [2], [26].

The Multimodal transport technology option refers to all the measures that incentivise the
integration of different collective passenger modes (e.g., trains, planes, ships, bus, car-sharing, metro)
and the integration of different freight transport modes (e.g., trucks, trains, ships, trains). In this
report, the national plans refer to a multi-modal transport oriented to the maximisation of collective
transport modes to reduce greenhouse gas emissions and increase overall energy efficiency [27]-
[29].

The Traffic interconnection and flow automation technology option concerns all measures that
optimise transportation modes [30], [31]. New mobility services are expected in which the traffic
flows are automatized and optimised, considering the joint use of different transport modes and the
energy and emission savings from flow automation. This technology option may be considered as a
smart multimodal transport integration.

The Shared mobility technology option encompasses all the models for the shared use of cars and
bikes [32]-[36]. This is especially relevant in so-called car-free cities.

The Building refurbishment technology option refers to all the processes and solutions for
improving the energy efficiency and climate impact of a building [37], [38]. It may include activities
such as upgrading, modernisation, conversion, insulation. It is worth noting that refurbishment has a
climate impact as the materials and refurbishment work have a carbon footprint.

The Building standards (zero or plus energy house) technology option refers to the definition of
building standards that lead to a building characterised by a zero (or positive) net energy
consumption on an annual basis [39], [40]. Building standards, in contrast to building refurbishment,
is only relevant for new constructions.

The Passive solutions technology option refers to all those design strategies that improve the
comfort conditions by increasing the energy efficiency in buildings [41]. Passive solutions can be
exploited for constructing new buildings or refurbishing existing ones.

The Condensing boiler technology option concerns all water heaters which use gas or oil as fuel [42].
Unlike conventional boilers, these devices exploit the condensation of water vapour in the exhaust
gasses by recovering the latent heat of vaporisation, allowing them to achieve higher efficiency.

The Solar water heating technology option encompasses all systems formed by storage tanks and
solar collectors, producing hot water using solar radiation [43], [44].

The Heat pumps technology option refers to all devices that transfer heat energy in the opposite
direction of spontaneous heat transfer [45]., The heat pumps require the use of external power to
accomplish this reverse heat transfer. The external power can be provided in different forms;
however, the electricity fed heat pumps represent the dominant technology.
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The CHP (non-fossil) technology option refers to all the combined heat and power (CHP) generators
that are fed by non-fossil fuels, especially stationary fuel-cells but also conventional combustion
engine-based CHPs fuelled by several fuels, such as biogas2/biofuel3/synfuel*/syngass [51], [52].

The CHP (High Efficiency) technology option refers to all the combined heat and power (CHP)
generators fed by fossil fuels that meet the requirement and hold the qualification of high-efficiency
cogeneration, as established by the European and the National legislation [53]-[55].

The option Electrification of the energy demand represents all those policies (e.g. incentive
schemes) that promote technologies that allow cooling and heating demand of buildings to be fed by
electric energy [2], [56]. The National Energy and Climate Plans analysis described in section 2.5.2
highlights that this policy action mostly coincides with the adoption of heat pumps.

The option Renewable energy at the household level represents all those policies (e.g. incentive
schemes) that aim to promote the technologies related to the development of renewable energy
sources used at the household level (e.g., PV modules, small and micro wind turbines, small and micro
CHP, solar water heaters) [57]-[61].

The Building automation (or home automation) technology option includes the automated
coordination of the devices and systems that are part of a household, or in general, of a building [62],
[63]. Building automation systems require monitoring relevant parameters for developing suitable
control actions to be executed by the connected devices, helpful in achieving strategic goals such as
increasing comfort or energy efficiency.

The Heating and cooling networks technology option represents all the assets employing a thermal
fluid transportation system useful for distributing among consumers the heat and cold produced by
a central generation, which could be large or small depending on the characteristics of the districts
[64]-[66]. Often, additional distributed units are connected to the heating and cooling network, the
operation of these distributed units is optimised considering the context of the whole network.

The Decentralised, flexible, smart energy system technology option refers to all the policies which
promote the creation of a decentralised energy system in which the flexibility of the resources is
exploited in an intelligent way for maximising the use of renewable sources and existing assets and
reduce the energy inefficiencies [67]-[69].

The User aggregation and LEC technology option refer to all policies which promote the aggregation
of the users and the formation of Local Energy Communities (LEC) [13], [70]-[72].

The Power-to-X for the energy sector encompasses all large scale conversion technologies that allow
decoupling and storing electricity in other forms [73]-[75]. Power-to-heat conversion technologies
are not included in this technology option since considered independently through dedicated
technology options [76]. For the sake of generality, in this document, the first transformation in the X

2Biogas is a combination of two-thirds of methane (CH4) and the rest is mostly carbon dioxide (CO2) with traces
of hydrogen sulphide which can be enriched to produce natural gas [46].

3 Biofuels are fuels obtained from living organisms, from metabolic by-products, i.e., organic or food waste
products, and from plants whose seeds can be used to extract oil [47].

4 Synfuel is a liquid or gaseous fuel derived from a source such as coal, shale oil, tar sands, or biomass, used as
a substitute for oil or natural gas [48]. Synthetic fuels based on hydrogen produced from renewable electricity
(through water electrolysis) are fed together with CO2 into a reactor forming a synthesis gas (CO and H2) that
is then liquefied and further refined to become, for example, e-diesel or e-kerosene [49].

5 Syngas is either the mixture of nitrogen and hydrogen, the kind of mixture needed for ammonia production,
or carbon monoxide/hydrogen (CO:H2) mixtures, the building blocks for the production of methanol,
hydrocarbons, synthetic gasoline and diesel, or ethanol [50].
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chain does not always consider hydrogen, but also other energy vectors, generally, among the various
options, the X states for chemical, fuel, gas, hydrogen, liquid, and syngas. Power-to-X is meant to be
utilised for freight and passenger transportation. The actual maturity level of P2X technologies makes
them economically viable only in large plants. Therefore, P2X technologies are not expected to be
connected to the distribution system.

The Energy storage systems (electric, thermal, hydro) technology option includes all devices
which allow storing the energy in any form [77]-[80].

The Nuclear power plant technology option refers to the use of power plants fed by nuclear energy
[81], [82].

The Reserve gas sources technology option refers to power plants fed by gas extracted from proven
reserves [83], [84].

The Renewable energy: solar, on-shore/off-shore wind, climate-neutral fuels technology option
is related to all those policies which promote the use of renewable energy sources at any scale [85],
[86].

2.4 Technology options aggregation and categorisation

In this section, to ease the analysis of the national plans, the technology options defined in section 2.3
are aggregated by considering their similarity in terms of the service provided through their use. The
aim is to form a concise list of univocal items to analyse the impact on the distribution network
planning and operation (addressed in section 3). According to this segmentation, the technology
options are grouped, as shown in Table 2-1.

The Plug-in Electric Vehicles (PEV) category includes all technology options that refer to electric
vehicles for individual use (e.g., cars, bikes, scooters) equipped with batteries for which energy is used
for mobility purposes. The BEV utilises the electric energy adsorbed from the grid for charging the
onboard batteries. The power flow between the BEV and the electrical grid can be unidirectional or
bidirectional, depending on the particular technology exploited. It includes the BEV technology
option. Also, the Plug-in Hybrid Electric Vehicles technology option is considered part of this
technology category.

The Non-Plug-in Hybrid Vehicles technology category includes all technology options that refer to
vehicles for individual use (e.g., cars, bikes, scooters) equipped with a conventional combustion
engine or an electric motor that cannot be plugged in. The HEV category includes the FC-EV,
Combustion engine + power-2-X, and biomass for long-haul transport.

The Traffic Flow Actions category includes all technology options of the transportation sector
focused on managing the use of the transportation infrastructure and assets. The Traffic Flow Actions
category includes multimodal transport, traffic interconnection and flow automation, shared
mobility technology options.

The Building Structural Actions category includes all technology options of the Building stock sector
related to the policies or actions for improving the energy performances of buildings. The Building
Actions category includes Building refurbishment, Building standards (zero or plus energy
house), and Passive solutions technology options.

The Building Device Actions category includes all technology options of the building sector, which
refer to the installation of new devices to improve the buildings' energy performances. Some of the
devices included in this category involve electrical energy whereas other devices do not; therefore,
two subcategories can be devised the Building Electric Device Actions and the Building Non-
Electric Device Actions subcategories. The Building Non-Electric Device Actions subcategory
includes Condensing boiler and Solar water heating. The Building Electric Device Actions subcategory
includes Heat pump, CHP (non-fossil), CHP (high efficiency), Electrification of C&H demand,
Renewable energy at the household level, and Building automation solutions.
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The category Infrastructural Building Actions for the Building stock sector includes the technology
options that refer to the realisation of infrastructural measures for improving the energy
performances of the buildings. The Infrastructural Building Actions category contains the creation of
Heating and cooling networks technology option.

The Electricity System Policy Actions category include all the technology options that refer to
policies or actions for improving the energy performances of the electricity system. The Electricity
System Actions category contains the decentralisation policies, the (smart) digitalisation
actions, user aggregation, and LEC creation.

The Energy Flexibility category comprises the Energy storage systems (electric, thermal, hydro)
technology option and Power-to-X. Energy flexibility also describes the flexibility available from the
adequate control of generation and demand resources mentioned in section 2.3 for the sake of
simplicity; the term “flexible resources” here summarise all these technology options.

The Large Power Plant category includes all technology options which refer to the exploitation of
large power plants. It comprises technology options based on renewable energy sources (Renewable
energy: solar, on-shore/off-shore wind, climate-neutral fuels), and nuclear or fossil fuels
(Nuclear power plants and Reserve gas sources).
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Table 2-1. Classification of the technology options

Technology Option Category Technology option

Plug-in Electric Vehicles Battery Electric Vehicles (BEVs)
Plug-in Hybrid Electric Vehicles
Non-Plug-in Hybrid Vehicles Fuel cell electric vehicles (FC-EV)

Combustion engine + Power-to-X

Biomass for transport

Traffic Flow Actions Multimodal transport

Traffic interconnection and flow automation
Shared mobility

Building Structural Actions Building refurbishment

Building standards (zero or plus energy house)

Passive solutions

Building Non-Electric Device Condensing boiler
Actions

Solar water heating

Building Electric Device Actions Heat pumps
CHP (non-fossil)
CHP (High Efficiency)
Electrification of C&H demand

Renewable energy at the household level

Building automation

Infrastructural Building Actions Heating and cooling networks

Electricity System Policy Actions Decentralised and smart energy system

User aggregation and LEC

Energy Flexibility Power-to-X

Energy storage systems (electric, thermal, hydro)

Flexible resources (generation and demand)

Large Power Plant Nuclear power plant

Reserve gas sources

Renewable energy:
solar, on-shore/off-shore wind, climate-neutral fuels

2.5 Technological options in long-term EU national plans

The scale of technologies can differ significantly among different long-term scenarios, hence
impacting the distribution system operation and planning. As it could not reasonably be predicted
how technologies will mature technologically and economically in scenarios up to 2050, significant
uncertainty for future distribution system operation and planning remains. The prominence of
technology options (defined in section 2.3) in the treated national long-term strategies is identified
qualitatively to support the planning activities. The prominence of a technology option or respective
group in a scenario path helps to qualitatively assess the impact on the distribution system operation,
planning and the respective need for flexibility.
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Based on the definition of the technology options provided in section 2.3, the actions proposed in the
national plans are mapped to identify the corresponding technology options. The aim is to obtain a
concise list that eases the communication of the technology options included in the different long-
term national plans.

2.5.1 Comparison of long-term ambitions

Table 2-2 resumes the 2050 ambitions mentioned in the long-term national plans of the target
countries analysed in sections: 2.5.2.1 for Germany [87], 2.5.2.2 for Spain [88], 2.5.2.3 for Belgium
[89], [90], 2.5.2.4 for Portugal [91], and 2.5.2.5 for Poland [92]. Considering the reference year in
parenthesis, for each country in Table 2-2 specifies the long-term expectations in terms of the overall
reduction of GHG emissions (column 2 - GHG emissions), the reduction of the energy use due to the
energy efficiency policies (column 3 - Energy efficiency), the overall share of energy production from
RES (column 4 - RES), the quota of energy consumption from renewable energy sources in the
electricity (column 5 - RES-E), transportation (column 6 - RES-T), and cooling and heat sectors
(column 7 - RES-C&H). For Belgium, ambitions are split according to the regional segmentation
(Wallonia - W, Flanders - Fl, Brussels Capital Region - BCR).

Table 2-2. Comparison table of the long-term ambitions of the target countries

GHGE Energy RES-T RES-C&H
emissions efficiency
Germany Up to - . L
95% by Not 100% by 100% by frgslf‘o“ E‘:elslf“’“
2050 Available 2050 2050 zosoy 2050”
(1990)
1 - 0,
Spain 29005{;’ b | 500 by 97% by 100%by | -79% by -97% by
(1990) 2050 (2020) | 2050 2050 2050 2050
w Up to - Yot i
95%by | -41% by 100%by  100% by f::;slf“’“ Ep;’)sg e
2050 2050 (2017) | 2050 2050 zosoy (3’005)
(1990)
Fl 23 Mt
- 0, iQQi
Belgium 85%by | ot Not 100% by Emission CO2eq by
2050 . . free by
Available Available 2050 2050
(2005) 2050 (2005)
BCR Emission
. Not Not 100% by Not
U 20l Available Available 2050 grgg Ob y Available
Portugal Up to - A0 +88% in o
90% by Up to-47% consumptio | 100% by 93% by +68% by
by 2050 2050
2050 2015) nsby 2050 | 2050 2050 (2005)
(2005) (2015)
- 0, - 0,
el (igé)()) - égé’o) by | 2BS%by  397%by | 22%by 34.4% by
5040 5040 2040 2040 2040 2040
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2.5.2 Technology options considered in the long-term national plans

In the following sub-chapters, the description and emphasis on technology options in the long-term
national strategies are listed. In each plan, the level of development of each technology option is
different. The different degrees of deployment expected for each technology option are studied to
obtain a non-binary analysis. The examined plans are mainly descriptive since defining national
strategic goals; therefore, a qualitative assessment is considered in terms of each plan's emphasis on
each technology option. The emphasis has been deducted from the vocabulary used to describe the
exploitation of each specific technology option. This means, not only the frequency of mentioning a
specific technology option is considered in the qualitative assessment of emphasis, but also the overall
consistency of the chapters mentioning the technology options, specifically also in the overall energy
system context. The emphasis is qualitatively described according to the following three-points scale:

e Low - Minor emphasis
e Medium - Medium emphasis
e High - High emphasis

The lines are colour-coded based on the chapter where the main description of technology options is
encountered in the analysed plans. Therefore, three sectors are considered: transportation, buildings,
and energy. The presentation of the result of the analysis of the plans follows the colour scale in Table
2-3.

Table 2-3. Sector legend

Transport sector

Building sector

Energy sector

2.5.21 Germany

The results of the qualitative analysis of Germany’s long-term strategy, titled “Climate Action Plan
2050” [87], is shown in Table 2-4. The colour-coding presented in Table 2-3 describes the chapters
where the technology options are mainly treated.

As highlighted in Table 2-2, the German plan establishes the target of reducing GHG emissions in a
range between 80%-95% compared to 1990 by 2050. In terms of energy efficiency, the German plan
fixes the target of achieving a virtual carbon neutral building stock, with a significant reduction of
fossil use for heating and warm water. The virtual carbon neutrality target is also established for
electrical energy production, which has to meet the 100% produced from renewable sources. By
2050, virtual carbon neutrality must also be achieved by the transportation and cooling and heating
sectors. Table 2-4 resumes the technology options part of the Germans strategy to reach the GHG
emissions objective.
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Table 2-4. Technology options identified for Germany

Action in the

Technology option : .
Plug-in Electric Battery Electric .
Vehicles Vehicles ECV/BEV High
Non-Plug-lln Hybrid Fuel cel! electric FC-EV Medium
Vehicles vehicles
Non-Plug-in Hybrid | Combustion engine + | Combustion Medium
Vehicles P2X engine + P2X
Non-Plug-in Hybrid | Combustion engine + P(f)L‘lA;lers-t(r)l-)ige- Hieh
Vehicles P2X PR &
hydrogen)
Transport | Non-Plug-in Hybrid Biomass for Biomass for
. Low
Vehicles transport transport
Traffic Flow Actions L) s Medium
transport transport
s interzgifiiction
Traffic Flow Actions | interconnection and Medium
: and flow
flow automation .
automation
Traffic Flow Actions Shared mobility Car- anq DLes Medium
sharing
Building Electric .
Device Actions Heat Pumps Heat pumps High
Building Non- Condensin
Electric Device Condensing boiler . & Medium
- boiler
Actions
Building Structural Building Building Hich
Building Actions refurbishment refurbishment &
Building Structural | Building standards Building .
Actions (plus energy house) stamders (gl g
energy house)
Infrastructural Heating and cooling Heatmg S .
o . cooling Medium
Building Actions networks
networks
. Electrically
Energy flexibility %ae%?;};fl(%g%c Chargeable High
Vehicle (ECV)
— Energy storage Heating system .
Energy flexibility e Sion High
Building device Renewable energy at e .
Energy ; energy at the High
actions the household level
household level
Enerev svstem polic Decentralised and | Smart grids and
BY SY3 polcy smart energy market-based High
actions .
systems flexibility
Building Electric . CHP (non- .
Device Actions e fossil) ilige

The results in Table 2-4 highlight Germany’s emphasis on renewable energy at the household level.
Moreover, the plan focuses on building refurbishment, energy efficiency, flexibility potential provided
by ECV, and sector-coupling (especially with transportation).
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2.5.2.2

The Spanish long-term strategy is illustrated in the document “Long-term decarbonisation strategy
2050” [88]. The result of the qualitative analysis of the Spanish strategy is shown in Table 2-5. The
colour-coding in Table 2-3 is utilised for highlighting the sectors where the technology options are
mainly treated.

Spain

As highlighted in Table 2-2, the Spanish plan expects to achieve climate neutrality and reduce GHG
emissions by 90% from 1990 to 2050. The final energy consumption in 2050 has to be 97% covered
by renewable energy sources. In particular, the electricity sector will be fed entirely by renewables,
while the transportation and heating sectors have to achieve the 79% and 97% of final energy
consumption from renewable energy sources by 2050, respectively. Table 2-5 resumes the
technology options part of the Spanish strategy to reach the GHG emissions objective.

Table 2-5. Technology options identified for Spain

: Action in the national
Technology option
plan

Technology

Sector

option category
Plug-in Electric Battery Electric ECV/BEV --> zero- Hich
Vehicles Vehicles emission vehicles &
Non-Plug-in Hybrid Fuel cell electric FC-EV --> zero emission Hich
Vehicles vehicles vehicles 5
Non-Plug-in Hybrid | Combustion engine + Power-to-X (syngas, .
Transport Vehicles P2X hydrogen) High
Non-Plug-lln s Biomass for transport . R.enewabl_e e Medium
Vehicles (aviation, marine, heavy)
Traffic Flow . Change in models of .
Actions Multimodal transport T Medium
Building device Renewable energy at | Renewable energy at the Hich
actions the household level household level &
Building Electric .
Device Actions Heat Pumps Heat pumps High
Building Non- . . Condensing boiler
Electric Device Condensing boiler st Low
Building Actions
Building $tructural Buqdlng Building refurbishment Medium
Actions refurbishment
Building Structural | Building standards | Building standards (zero .
. High
Actions (plus energy house) energy house)
Infrastructural Heating and cooling | District energy concepts Medium
Building Actions networks (renewable based)
Electricity System Decentralised and D_ecentrahsatlon, BN .
. : interconnected energy Medium
Policy Actions smart energy system use
Own-consumption and
Energy Electricity System | User aggregation and citizen engagement: Hich
Policy Actions LEC based on LEC or &
aggregators
Electricity System Decentralised and Smart grids: secure and .
. ; ; . High
Policy Actions smart energy system flexible operation

As highlighted in Table 2-5, the Spanish strategy focuses mainly on customer engagement by
increasing self-consumption, aggregations, and the exploitation of flexibility. The energy efficiency
strategy relies on building standards oriented to zero-energy homes. The strategies for the
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transportation sector involve zero-emission vehicles equipped with batteries, fuel cells, and the
exploitation of power-to-X solutions with syngas and hydrogen.

2.5.2.3 Belgium

The results of the qualitative analysis of Belgium’s long-term strategy titled “Belgian long-term
strategy” [89], [90] is shown in Table 2-6. The colour-coding in Table 2-3 is used for describing the
sectors where the technology options are mainly treated.

The strategy report is provided in Dutch and French, and different measures can be described for the
three regions of Belgium, Flanders (Fl)], Wallonia (W) and Brussels Capital Region (BCR), as well as
for the whole country (Fed), which is indicated in Table 2-6.

As highlighted in Table 2-6, the Belgian plan expects GHG emission by 2050 reductions of non-EU ETS
in the range of 85% to 87% compared to 2005 based on regional strategies. In particular, Wallonia
proposes reductions in the range of 80% to 95% compared to 1990, Flanders at least 80% in non-EU
ETS sectors, with expected emission reductions of 85% compared to 2005, and Brussels aims to be
carbon neutral in 2050. In describing the energy efficiency objective for 2050, only Wallonia mentions
energy efficiency with concrete figures stating an expected reduction of the end-user consumption
from 120 TWh (in 2017) to 50 TWh (in 2050). The Belgian Federal plan, in terms of renewable energy
sources, acknowledges that in each region, the total electricity production should be climate neutral
by 2050. Each region aims to make its transport sector emission-free by 2050, both person cars as
freight. Moreover, the expected national emission reductions in buildings range from 89% to 91% by
2050 compared to 2005. Flanders aims to reduce the total emissions of all buildings to 2,3Mt CO2eq
by 2050. In Wallonia, the building sector has a high potential to contribute to emission reductions
(from 90% to 100% reduction).

Table 2-2 resumes the technology options part of the Belgian strategy to reach the GHG emissions
objective. The outcome of the analysis of the Belgian plan shown in Table 2-6 highlights that little
emphasis is made on climate-neutral fuels and biomass, while a decentralised, demand-driven and
flexible energy system are envisioned unanimously across the regions.
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Table 2-6. Technology options identified for Belgium

Technology option

Emphasis

Sector category Technology option Action in the national plan
BCR FL \\%
Traffic Flow Actions Multimodal transport High High High
Traffic Flow Actions Multimodal transport Modal shift to efficient passenger transport High
Traffic Flow Actions Multimodal transport Ban on cars in city centres High High High
Transport
Plug-in Electric Vehicles Battery Electric Vehicles (BEVs) Shift to rail and water High High
Non-Plug-in Hybrid Vehicles Fuel cell electric vehicles Battery-powered cars, vans, busses and lightweight vehicles High High
Non-Plug-in Hybrid Vehicles Biomass for transport Hydrogen cars, vans, busses and lightweight vehicles High High
Building Structural Actions Emlding standarg(s;ll(::;‘ ElegRieslenczy Bio and synthetic fuels for heavy freight transport High High High
Building Structural Actions Building Refurbishment Building standards High High High
Bulldmg:cl gf,:;c Device Heat Pumps Refurbishment (and rebuilding) of existing buildings High High High
o Infrastructural Heating and cooling networks : : .
Buildings Bl Aiftong Carbon neutral heat pumps High High High
Building ElffCtI‘lC Device CHP (non-fossil) Carbon neutral networks Medium
Actions
Building Structural Actions o standar}cllcs;u(sz'g)r DEFIS T Carbon neutral biomass Medium | Medium
Building Structural Actions Passive solutions Low-environmental impact building materials and services Medium | Medium
Building Electric Device . . . . . . . .
‘Actions Renewable energy at the household level Passive cooling solutions (sunscreens, night cooling) High High High
Large Power Plant Renewable energy Renewable energy: solar energy Low High High
Large Power Plant Renewable energy Renewable energy: on-shore wind High High High
Energy Energy Flexibility Power-to-X Renewable energy: offshore wind Low Medium | Medium
Legs B Pk Sl GrEE Renewable energy: cllmate-neu.tral fue.ls (sustainable biomass, P2X, rest High High High
streams of industrial processes)
Electr1c1tXC§d};s;§m ey Decentralised and smart energy system Import of renewable electricity High High
- Energy storage systems (electric, o e . : .
Energy Flexibility herel, D) Transition to decentral, demand-driven and flexible energy system High High
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Portugal

The results of the qualitative analysis of Portugal’s long-term strategy, titled “Roadmap for Carbon
Neutrality 2050 (RNC2050)” [91], is shown in Table 2-7. The colour-coding in Table 2-3 is used or
describing the sectors where the technology options are mainly treated.

As highlighted in Table 2-2, the Portuguese plan establishes reducing the overall GHG emissions to
85%-90% from 2005 by 2050. In terms of energy efficiency, the target consists of reducing the
primary energy consumption to 44% -47% from 2015 by 2050 and the final energy consumption has
to decrease to 25%-28% from 2015 by 2050. The target for renewable energy production is to achieve
by 2050 the share of 86%-88% (from 2015) of renewables in final energy consumption. By 2050, the
electricity sector has to be fed virtually 100% by renewables, the transportation sector has the target
to be fed for the share of 92%-93% by renewable energy sources, and the cooling and heat sector has
to achieve an increase of the 66%-68% (from 2005) of renewable energy consumption. Table 2-7
resumes the technology options part of the Portuguese strategy to reach the GHG emissions objective.

Table 2-7. Technology options identified for Portugal

Technology

Action in the national

Sector O e Technology option b Emphasis
Plug-in Electric Plug-in Hybrid Electric Electrification: Hybrid Low
Vehicles Vehicles Vehicles
Plug-in Electric Battery Electric Electrification: Electrical Medium
Vehicles Vehicles (BEVs) Vehicles u
. . Energy Vectors: H2 for
Transport Non-Plug-in Fuel cell electric heagyypassenger and High
Hybrid Vehicles vehicles (FC-EV) .
freight transport
Traffic Flow Action Shared mobility Efficiency: Shared mobility High
Traffic Flow Traffic interconnection | Efficiency: Autonomous Hich
Actions and flow automation vehicles &
Building Non-
Electric Device Solar water heating Solar water heating Low
Actions
Building Non- Building standards .
o . . Insulation and urban .
Buildings = Electric Device (zero or plus energy Tt High
. rehabilitation
Actions house)
Building Electric CHl.) (nop-fossﬂ) Electrification: RES :
. . Electrification of C&H ) High
Device Actions cogeneration and solar
demand
Large Power Plant Renewable energy Centralised solar High
Building Electric Renewable energy at . .
Device Actions the household level Decentralised solar High
Large Power Plant Renewable energy Wind (onshore, offshore) Medium
Large Power Plant Renewable energy Hydrloelectrlc (Wl.th L Low
without pumping)
Energy @ Energy Flexibility = Energy storage systems | Storage solutions: Batteries| Medium
.- Storage solutions: .
Energy Flexibility Power-to-X T High
Electricity System | Decentralised and smart | Network intelligence and .
. ; o Medium
Policy Actions energy system flexibility
H2 produced by
Energy Flexibility Power-to-X electrolysis using RES (5% | Medium
- 8%)
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The main measures in the context of the transportation sector are the exploitation of hydrogen for
heavy passenger and freight transport, the shared mobility, and the increase of the efficiency of
autonomous vehicles. Moreover, the adoption of RES cogeneration and solar generation and the
enhanced building insulation are of interest. Therefore, the Portugal plan points out solar and
hydrogen as the main energy vectors.

2.5.2.5 Poland

The results of the qualitative analysis of Poland’s long-term strategy titled “National Energy and
Climate Plan” [92] is shown in Table 2-8. The colour-coding in Table 2-3 is used for describing the
sectors where the technology options are mainly treated.

As highlighted in Table 2-2, the Polish plan establishes the target of reducing the overall GHG
emissions by 30% by 2040 compared to 1990. The energy efficiency objective fixes the reduction of
23% of primary energy use by 2040. The exploitation of renewable sources is expected to grow by
achieving 28.5% of the share of energy from renewable sources in gross final energy consumption. In
the electricity sector, the share of energy from renewable resources is expected to achieve the 39.7%
by 2040, in the transportation sector 22% by 2040, while 34.4% for cooling and heating by 2040.
Table 2-8. resumes the technology options part of the Polish strategy to reach the GHG emissions
objective.

According to Table 2-8, the Polish strategy is characterised by a great level of diversification among
the different measures that can be adopted. The Polish plan envisages the exploitation of smart grids,
energy communities, and market-based flexibility. The main energy resources are wind and solar,
energy storage, heating plants, and CHP. As energy efficiency measures, the building refurbishment
and the use of heat pumps are promoted. In the transportation sector, the main measures are the
exploitation of electric vehicles and power-to-X.
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Technology

Action in the national

Device Actions

Sector option category Technology option slan M
Plug-in Electric | Battery Electric Vehicles .
Vehicles (BEVs) AP g
Non-Plug-in Fuel cell electric vehicles .
Hybrid Vehicles (FC-EV) FC-EV High
Plug-in Electric | Battery Electric Vehicles .
Vehicles (BEVs) V2G g
. : . Combustion engine +
Non-Plug-in Combustion engine + . .
Transport Tl Velsisles Power-to-X P2X/gas/biofuel /e- High
fuel /syngas
Non-Plug-in Fuel cell electric vehicles .
i e Aeles (FC-EV) Power-to-X (hydrogen High
Traffic Flow Traffic interconnection , .
. . Traffic management systems | Medium

Actions and flow automation

TrafﬁF L9 Shared mobility Vehicle sharing systems Medium

Actions

Building Electric | Renewable energy atthe | Renewable energy at the Hich
Device Actions household level household level 5
Building Electric .
Device Actions Heat Pumps Heat Pumps High
Flexible resources
Energy Flexibility (generation and BEMS with DSR option High
Building demand)

Building - . o . .
Structural Actions Building refurbishment Building refurbishment High

Building Building standards (zero | Building standards (low- .

. High
Structural Actions | or plus energy house) energy)

Building . . . . .
Structural Actions Passive solutions Spatial planning Medium
Electricity System | Decentralised and smart | Smart grids and market- Hich

Policy Actions energy system based flexibility &
Electricity System | User aggregation and s .
Policy Actions LEC Energy communities High
Large Power Renewable energy Wind onshore High
Plant
Large Power .
Plant Renewable energy PV High
Energy Flexibility | Energy storage systems BES High
Flexible resources o .
Energy Energy Flexibility (generation and Hybrid 1nsFallat10n (RES High
technologies + storage)
demand)
LargPel;’notwer Nuclear power plant Nuclear power plant Medium
Lar%el;ntiwer Reserve gas sources Reserve gas sources High
Large Power Heating plants (biomass, .
Plant RIS Gy biogas, geothermal) g
Energy Flexibility | Energy storage systems Heating system storage High
i st} ) Bl CHP (High Efficiency) High-efficiency CHP High
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2.5.2.6 Collated list of technology options

The results of the analysis of the long-term strategies of the five countries relevant to the task
activities are synthesised in Table 2-9. The resume of the long-term plans allows highlighting which
technology options have priority and to which further analysis has to focus on identifying the impact
on the distribution system. The contribution of Table 2-9 is to map the long-term national plans
considering the technology option definitions in section 2.3 and harmonise the technology option
terminology used in the different national plans. The colour-coding in Table 2-3 is used for describing
the chapters where the technology options are mainly treated in the different national plans.

Since a qualitative analysis is addressed for each of the target countries national plans, a quantitative
comparison of the outcome of the analysis of the national plan is not possible. However, having a
comprehensive look at the different national plans provides high-level insight on the technology
options adopted that will be adopted. This information is complemented by the analysis of the
technology options included in the relevant EU long-term scenario discussed in section 4. The
scenario path analysis examines the deployment level of the technology options expected for each
different scenario.

However, Table 2-9 summarises the five national plans and points out similarities and differences
regarding the technology options to be adopted in the future energy system of the different countries.
Historical and geographical (and then climate) peculiarities influence the role that each technology
option plays in the different plans. Several technology options will be developed in all countries (e.g.,
battery electric vehicles, heat pumps, energy efficiency measures for buildings, renewable energy at
the household level, energy storage systems). While other technology options are crucial only for
some of the national energy plans of countries (e.g., large renewable power plants, CHP, biomass,
heating and cooling networks). These differences highlight that one solution does not fit for all
countries to achieve the policy and climate goals.
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Table 2-9. Collated list of technology options - Part 1 of 3 - Transport

Category

Transport

. . Emphasis
Technology options category Technology options . .
Germany Spain Belgium  Portugal
Plug-in Electric Vehicles BEV High High High Medium High
Plug-in Electric Vehicles Plug-in Hybrid Electric Vehicles Low
Non-Plug-in Hybrid Vehicle FC-EV Medium High High High High
Non-Plug-in Hybrid Vehicle Combustion engine + Power-to-X High High Low High
Non-Plug-in Hybrid Vehicle Biomass for transport Low Medium High High
Traffic Flow Actions Multimodal transport Medium Medium High
Traffic Flow Actions fenit 1r}terconnectlon anetiely Medium High Medium
automation
Traffic Flow Actions Shared Mobility Medium High Medium

Table 2-9. Collated list of technology options - Part 2 of 3 - Buildings

Category

Buildings

Emphasis
Technology options category Technology options
Germany Spain Belgium  Portugal
Building Electric Device Actions Heat pumps High High High High
Building Non-Electric Device Actions | Condensing boiler Medium Low
Building Structural Actions Building refurbishment High Medium High High
Building Structural Actions Egllll:el;l GEERCEES RO OIS High High High High High
Infrastructural Building Actions Heating and cooling networks Medium Medium High
Building Structural Actions Passive solutions Medium Medium
Building Electric Device Actions Electrification of C&H demand High High
Building Electric Device Actions Renewable energy at the household level High High High High High
Building Non-Electric Device Actions | Solar water heating High Low
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Table 2-9. Collated list of technology options - Part 3 of 3 - Energy

Emphasis
Germany Spain Belgium  Portugal Poland

Technology options

Category Technology options category

Building Electric Device Actions CHP (non-fossil) High Medium High High

Building Electric Device Actions CHP (high efficiency) High
Renewable energy: solar, on-shore/off- . . .

Latige Fosvar Il shore wind, climate-neutral fuels L el =

Electricity System Policy Actions SD;SCt(zrrlr'Erahsed, 12l R High High High Medium High

Energy  Energy Flexibility E;ﬁ;g storage systems (electric, thermal, High High Medium High

Energy Flexibility Power-to-X High Medium High High

Electricity System Policy Actions User aggregation and LEC High High
S Flexible resources (generation and .

Energy Flexibility el High

Large Power Plant Nuclear power plant Medium
Large Power Plant Reserve gas sources High
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3 Analysis of the technology options considering the impact on
the distribution system

In this section, the technology options identified in the relevant national plans (examined in section
2.5.2) are further analysed to highlight the main features from the distribution system perspective.
Furthermore, inter-dependencies and competition between technology options are identified to
group individual technology options and, therefore, the combined consequences in the different
scenario paths. The linkages among the technology options are qualitatively assessed. Each
technology option represents a specific measure introduced to create impacts on the energy sector.
However, the generated impacts may affect more than one subsector and influence the impacts and
the deployment of other technology options. Finally, the technology options are assessed considering
their capability to influence the electric distribution system planning and operation. The outcome of
this assessment is a subset of technology options that will impact the future distribution system.

In this section, a high-level analysis considering the impacts to the distribution system is addressed.
This analysis is at the system level; it assesses the technology options irrespective of local conditions,
such as the actual level of deployment of the technology options and the status of the grid. This
analysis aims to identify the main aspects that have to be considered in the quantitative estimation of
the flexibility needs, which, in turn, requires detailed information regarding the context and
knowledge of the grid. The analysis provided in this chapter concerns the impacts due to each single
technology option without considering the future scenario and the actual grid characteristics; it is,
therefore, scenario and grid agnostic. This section is complemented by the analysis addressed in
section 4, which considers the influence of the considered future scenario.

3.1 Linkages among technology options

Each technology option represents an action introduced to create impacts on the energy sector at the
country level. However, even if each technology option describes a specific measure, the generated
impacts may affect more than one energy subsector and influence the impacts and the deployment
expected by the other technology options. In general, the technology options can be interdependent,
synergic, competing or neutral. In this section, the outcome of the qualitative analysis of the linkages
among most of the technology options defined in section 2.3 is described. In the qualitative analysis,
the technology options have been pairwise compared, considering a five-point scale that describes
the nature and the intensity of the relationship. The five-point scale is reported in Table 3-1; it defines
a cross-impact indicator used for the qualitative analysis presented in Table 3-2. Moreover, Table 3-
2 shows the colour scale of the sectors to which the technology options belong (according to Table 2-
3). In this section, considering the definitions in section 3, the technology options are reassigned to
the sectors irrespective of the chapters of the national plans where the technology options are mainly
treated. Table 3-2 is a symmetric matrix; therefore, the diagonal entries have no meaning, the diagonal
entries are coloured in black.

Table 3-1. The five-points scale of the nature and intensity of the linkage between a pair
of technology options

Colour scale Nat_ure Of. Description
relationship

Interdependency Strong positive correlation between the generated impacts

Mutual reinforcing Positive correlation between the generated impacts
Neutral No influence between the generated impacts
Weak competition Negative correlation between the generated impacts

; Strong competition Strong negative correlation between the generated impacts
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According to the indicators described in Table 3-1, considering two generic technology options,
interdependency exists if the technology options require to be both implemented for being operative.
Conversely, if one of the two options is not deployed, the impacts generated by the other technology
options would be negligible or non-existent. For the sake of clarity, examples of how the interaction
between two technology options works are provided in the following.

Mutual reinforcing subsists when the realisation of both technology options in the couple maximises
the respective effectiveness (mutually reinforcing). However, if one of the two technology options is
not deployed, the deployed one preserves its ability to generate impacts.

A neutral relationship exists when the influence of one technology option on the impacts generated
by the other option in the couple is negligible. Therefore, there are no interactions between the
technology options under comparison.

The weak competition relationship describes two technology options that provide a similar service;
however, the two technology options are not perfect substitutes; therefore, the deployment of one
option limits the success or the effectiveness of the impacts generated by the other.

The strong competition relation exists when the compared technology options are perfect substitutes
in terms of the service provided. In this case, the two technology options are mutually exclusive; the
deployment of one of the two technology options prevent the deployment or the success of the other.

Based on the list of technology options reported in Table 2-9 defined in section 2.3 and the
relationship indicators illustrated in Table 3-1, the result of the qualitative analysis of the linkage
among the technology options is reported in Table 3-2. Since the sector membership is highlighted
using the colour scale in Table 2-3, a qualitative bottom-up evaluation of sector coupling is also
illustrated in Table 3-2.

The scope of the linkage analysis is to study the relationships among the technology options to
understand the mutual influence. Since each long-term scenario devises a different level of
deployment for each technology option, the influence on the other technology options has to be
studied to properly assess the overall impact on the planning and operation activities of the
distribution system.

However, since the scope of the activity described in this report is to identify a subset of technology
options that impact the planning and operation activities of the distribution system, a detailed
description of the qualitative linkage analysis in Table 3-2 is not provided. For the sake of clarity, the
relationship between some pairs of technology options is explained to illustrate the used
methodology. The technology options involved in the described examples are also highlighted in bold
in Table 3-2.

e The BEV and FC-EV are considered strong competing technology options since both concern
zero-emission vehicles. Even if they are based on different technologies, the service that is
offered is the same. To illustrate, it is expected that a major diffusion of the BEV technology
option limits the expansion of the FC-EV.

e BEV is considered not competing or synergic with the technology option combustion engine
+ Power-to-X since the latter concerns passenger and freight transport. Therefore, this
technology option does not compete with BEV that mainly concern personal mobility for short
and medium distance. FC-EV may compete with combustion engine + Power-to-X since both
technologies can be used to power passenger and freight transport vehicles.

e Heat pumps and passive solutions for buildings are considered weakly competing
technologies since both concern living comfort, but the service is provided differently. These
two technology options are not interchangeable since the exploitation of passive solutions is
unfeasible in every context. At the same time, the use of the heat pumps would not be the first
customer choice. Therefore, the competition among heat pumps and passive solutions exists,
but it is limited.

e The technology options Building automation and Heating and cooling networks are
considered neither competing or interdependent technologies since the exploitation of one of
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these two do not affect the penetration of the other. A building can be equipped with Building
automation solutions and connected to a heating and cooling network, or it can exploit only
one of these two solutions.

e Mutual reinforcing exists between the technology options BEV and Shared mobility since the
deployment of car-sharing policies fosters BEV diffusion. Traditionally, the car fleet is mainly
formed by cars equipped with combustion engines fed by fossil fuels. The transition towards
the use of electric vehicles would be favoured by economic incentives and changes in people's
mobility behaviour. The diffusion of car-sharing companies that fleet is formed by electric
vehicles helps develop economies of scale in producing such cars. Therefore, the BEV is
favoured. Nevertheless, the adoption of car sharing policies does not represent a necessary
condition for deploying the BEV technology option.

e The technology option related to the exploitation of Renewable energy shows
interdependency with the flexible asset technology option. Due to the intermittence of
electricity production that characterises the majority of renewable energy sources, the
introduction of flexible assets represents a measure capable of increasing the penetration of
renewables in the power system. When the hosting capacity is saturated, the exploitation of
the potential flexibility from the connected resource to solve the network contingencies
through the provision of system services is one of the most effective solutions for increasing
the capability of the power system in connecting new energy sources. Moreover, there are not
relevant reasons for requiring the use of flexibility if the share of connected renewable sources
does not cause grid problems.
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Table 3-2. Technology options linkage analysis

Technology category

Technology options

Plug-in Electric Vehicles

BEV

Hybrid Electric Vehicle

FC-EV

Combustion engine + Power-to-X

BEV

FC-EV

Combustion engine + Power-to-X

Biomass for long haul transport

Multimodal transport

Traffic interconnection and flow automation

Shared Mobility

Building refurbishment

Building standards

Passive solutions

Condensing boiler

Solar water heating

Heat pumps

CHP (non-fossil & high efficiency)

Electrification of C&H demand

Renewable energy at the household level

Building automation

Heating and cooling networks

Decentralised, smart energy system

User aggregation and LEC

Power-to-X

Energy storage systems

Flexible resources

Nuclear power plant

Reserve gas sources

Renewable energy

Biomass for long haul transport

Traffic Flow Actions

Multimodal transport

Traffic interconnection and flow automation

Shared Mobility

Building Structural Actions

Building refurbishment

Building standards

Passive solutions

Building Non-Electric Device
Actions

Condensing boiler

Solar water heating

Building Electric Device Actions

Heat pumps

CHP (non-fossil & high efficiency)

Electrification of C&H demand

Renewable energy at the household level

Building automation

Infrastructural Building Actions

Heating and cooling networks

Electricity System Policy
Actions

Decentralised, smart energy system

User aggregation and LEC

Energy Flexibility

Power-to-X

Energy storage systems

Flexible resources

Large Power Plant

Nuclear power plant

Reserve gas sources

Renewable energy
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3.2 Selection of technology options based on their impact on the
electricity distribution system (operation and planning)

The technology options identified and categorised in section 2.3 represent the set of measures to be
implemented in the next future as declared in the long-term national plan analysed in section 2.5.2.
However, not all these technology options have an impact on the distribution system.

In this section, each technology option retrieved from the analysed national long-term plans (section
2.5.2) is assessed to determine if it potentially would impact the distribution system. This assessment
allows identifying a subset of technology options in which the related impact can be quantified
considering the level of development expected for each technology option in the different scenario
paths.

The impact on the distribution system (operation and planning) is defined as the requirement of
dedicated countermeasures to face the technology option deployment. A technology option can cause
two impacts on the planning and on the operation stages of the distribution system:

e Animpacton the operation of the power system exists when the deployment of the technology
option requires countermeasures in the operating practices of the distribution system.

e A technology option impacts the planning stage of the distribution system if the presence of
the technology options has to be considered in the planning (i.e. due to the reduced/increased
power demand). However, no changes in the operation of the power system are expected
since the technology option does not introduce a novel electricity exchange behaviour. A
negative impact on the planning stage implies the need for dedicated investments and grid
reinforcements.

Moreover, the impact is direct if the technology option directly affects the distribution system (i.e. it
concerns connected resources), or itis indirect if the technology option affects the distribution system
through the effects caused by synergic or competing technology options.

Several characteristics are considered relevant to determine if a technology option impacts
distribution system planning and operation. As shown in Table 3-3, the relevant characteristics are
the distribution grid connection status, the asset typology, the direction of the power flow (injection,
consumption or both), and the capability to provide short-term flexibility.

e The grid connection status identifies whether a technology option does or does not represent
an asset connected directly to the distribution system. Therefore, only considering the
distribution network, the technology options could be grid-connected or not. Technology
options connected to the distribution system can have a direct impact, while not connected
technology options can only have an indirect impact.

e The asset typology characteristic is useful for categorising the technology options according
to their energy behaviour. Therefore, the technology option includes generators if electrical
or thermal energy is generated and injected into the electric or thermal energy systems. The
load asset typology concerns technology options that consume electric or thermal energy that
is therefore adsorbed from the electric or thermal energy systems. The prosumer asset
typology is related to a technology option that can behave both as a generator and load. Since
the resources connected to the distribution system have been traditionally loads, the
knowledge of the asset typology allows understanding if the presence of the particular
technology option requires changes in the operation or planning practices in case it has a
generator or generation and load behaviour.

o The bidirectional electric power flow characteristic is related to the physical direction of the
electric power flow determined by the technology option. Generators and loads are
characterised by a unidirectional electric power flow, while prosumers have a bidirectional
power flow. From the grid point of view, loads that decrease their consumption can be
considered virtual power bidirectional sources. However, this interpretation is out of the
scope at this point of the revision. Traditionally, the distribution system has been
characterised by unidirectional power flows since the resources connected were only loads.
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Nowadays, the availability of technology options that can have bidirectional power flows
imposes changes to the planning and operation practices. Therefore, the information
regarding the power flow direction provides relevant information for determining if the
technology option can impact the distribution system planning and operation.

e The capability to provide short-term flexibility describes the ability of the technology option
to adapt in a small-time interval the consumption/production behaviour according to an
external signal. The technology option can be a short-term flexibility provider or not. A
technology option that can provide short term flexibility can support the distribution system
operation and planning. However, to exploit this flexibility, changes are required in the
distribution system planning and operation practices. Therefore, it may impact the
distribution system depending on the distribution grid connection status and other specific
conditions.

The technology options are analysed according to their characteristics to identify whether or not an
impact on the distribution system is caused.

In Table 3-3, an overview of the assessment is provided, while the expected impact for the analysed
technology options is discussed in the following. The colour scale refers to the technology sector
membership as defined in Table 2-3.

The BEV technology option impacts directly both the planning and operation stages of the distribution
system. This technology option includes grid-connected assets equipped with energy storage. The
electric energy is absorbed from the distribution network to be used for mobility purposes. Some
technology of ECV/BEV is enabled for the vehicle-to-grid operation; therefore, the energy flow with
the distribution grid is bidirectional. This technology option can provide short-term flexibility since
the charging/discharging behaviour of this asset can be controlled. The ECV/BEV technology option
represents a new load connected to the distribution system,; it is an energy and power-intensive load
that could also be controlled as a flexibility provider. In the case of V2G, it can behave injecting power
to the grid as a generator. Therefore, itis expected that a large deployment of the ECV/BEV technology
option impacts the planning and operation of the distribution system because its integration would
require infrastructural investments and changes in the operating practices. On the other hand, it can
help in the operation and planning of the system by providing flexibility.

The technology options of the Non-Plug-in Hybrid Vehicle and Traffic Flow Actions categories are
considered not able to impact the distribution system since they are not grid-connected. Furthermore,
even in large-scale development of these technology options, considering the business-as-usual
projection of the status quo, the indirect impacts caused would be negligible. However, if fleets of
vehicles used for car and bike sharing are expected to be connected to the distribution system, then
the impact generated by this technology option could be not negligible.

The technology options included in the category Building Structural Actions can indirectly impact
the distribution system's planning stage. More efficient buildings require less electric energy for
cooling and heating (i.e., in the cases in which electric solutions provide these services), so the energy
demand to be considered at the planning stage is lower. In any case, the actual impact on the
distribution system has to be evaluated according to future scenario characteristics.

The Building Non-Electric Device Actions technology options category can generate indirect
impacts on distribution system planning since these technology options compete with other
electricity-based technologies as the same service is provided to the users. Also, in this case, the actual
impact on the distribution network has to be evaluated according to the characteristics of future
scenarios.

The technology options Heat pumps, CHP (non-fossil), Electrification of C&H demand, and
Renewable energy at the household level of the Building Electric Device Actions category are
considered able to impact the planning and operation of the distribution system directly. All these
options are grid-connected and characterised by a unidirectional power flow. Depending on the
particular technology exploited, Heat pumps and CHP may have a certain degree of short-term
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flexibility. In the case of a large deployment of these technology options, the planning and operation
of the distribution system are influenced because infrastructural investments and changes in the
operating practices would be required for achieving their integration. The exploitation of Renewable
energy at the household level introduces new generators connected to the distribution system. For
this reason, the large-scale deployment of this technology option will influence the planning and
operation activities of the distribution system.

The Building automation technology option belonging to the Building Electric Device Actions
category is considered able to generate indirect impacts on the distribution system since it depends
on the relationship which would be established between automation and the energy
consumed/produced by the devices controlled by the automation. Furthermore, it is relevant to
account for the actual level of diffusion of the Building automation technology option in the future
scenarios to be considered.

The technology option Heating and cooling networks of the Infrastructural Building Actions
category impacts the distribution network planning since, considering the future scenarios, it could
compete with other technology options and the distribution grid also depending on the centralised
energy source and its scale, as it might be connected at the distribution level (e.g., a CHP and large-
scale heat pump for a community energy system). Therefore, the Heating and cooling networks
technology option influences the distribution system planning. To illustrate, depending on the
particular technologies adopted, affordable cool and heat availability from dedicated networks may
discourage the diffusion of standalone heat pumps. In any case, to understand if the impact is
negligible or not, and in that case, to assess the extent, it is fundamental to analyse the characteristics
of the future scenario.

The technology options of the Electricity System Policy Actions category determine a direct impact
on the planning and operation activities of the distribution system since they introduce new
paradigms such as decentralisation of the power system, control strategies for integrating the
behaviour of the connected users, user aggregation policies. The realisation of such technology
options requires structural changes that have to be considered both at the planning and operation
stages of the power distribution system.

The Energy Flexibility technology options category represents distribution grid-connected assets
characterised by a bidirectional power flow. The asset size included in this category is small or
medium; only the resources connected to the distribution system are of interest. Large scale energy
storage, power-to-X, and flexible demand and generation are not of interest since they could be
connected directly to the transmission. Due to these aspects, the technology options regarding the
Energy storage systems, the Flexible generation and demand, and Power-to-X will directly impact the
distribution system planning and operation.

The technology options which form the Large Power Plant category are expected to determine an
indirect impact on the planning activities of the distribution system. These technology options impact
the distribution system indirectly since connected to the transmission grid and produce electrical
energy compete with other technology options connected to the distribution grid. The deployment of
these technology options is expected to generate impacts on the planning activities since operational
issues at the distribution level are not expected (voltage and balancing problems generated by assets
connected to the transmission system are considered to be handled at the transmission level). In
general, the magnitude of the impact caused to the distribution system depends on the characteristics
of the considered future scenario.

As a result of the analysis presented in Table 3-3, the subset of technology options that impact the
distribution system is reported in Table 3-4.
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Table 3-3. Overview of the assessment of the impact of technology options on the distribution system - part 1/2

Distribution Bidirectional Impact Kind of
. Asset typology : Short-term Impact on
Technology : grid- electric power S S stage Impact
Technology options [Load/generator Flexibility @ distribution . .
category connected /both] flow [Yes/No] [Yes/No] [Planning/ [Direct/
[Yes/No] [Yes/No] Operation] Indirect]
PEV BEV Yes Both Yes Yes Yes Both Direct
FC-EV No¢
Combustion engine +
NPEV Power-to-X Load No No No N/A N/A
. No
Biomass for long haul
transport
Multimodal transport
Tra_fflc Flow Traffic 1nterconnelct10n No N/A N/A Yes No N/A N/A
Actions and flow automation
Shared mobility Yes Both Indirect
Building Building refurbishment
Structural Building standards No N/A N/A N/A Yes Planning Indirect
Actions Passive solutions
Bulldlpg Nop— Condensing boiler Load , )
Electric Device No N/A Yes Yes Planning Indirect
Actions Solar water heating Generator
Heat pumps Yes Load No Yes Yes Both Direct
Building Electric | CHP (non-fossil) Yes Generator No Yes Yes Both Direct
Device Actions IR eC DIl EYE Yes Generator No No Yes Both Direct
the household level

6 Refuelling station equipped with small scale H2 electrolysers might be distribution grid connected [93], [94]. In principle, the impact on the distribution system of such small
scale H2 electrolysers wold be comparable to the impact of BEV charging stations. However, this option is not considered in the present analysis, the actual level of maturity of this
technology would require further insights to determine if small scale H2 electrolysers will be majoritarian with respect to the large scale H2 production. In this document, only
large scale H2 electrolysers are considered in the analysis within the Power-to-X technology option. Large scale H2 electrolysers are not connected to the distribution grid.
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Table 3-3. Overview of the assessment of the impact of technology options on the distribution system - part 2/2

Distribution grid Asset typology Bldlrfectlonal Short-term Impact on Impact sindof
Technology . electric power e i stage Impact
Technology options connected [Load/generator/ Flexibility distribution . .
category [Yes/No] rosumers] L [Yes/No] [Yes/No] [Planning/= [Direct/
P [Yes/No] Operation] | Indirect]
Building
Electric Device | Building automation Yes Load No Yes Yes Both Indirect
Actions
Infrastructural Heating and coolin
Building 5 5 No Load No Yes Yes Both Indirect
. networks
Actions
£l o Decentralised, smart
ectricity . energy system .
System Policy - Yes Both Yes Yes Yes Both Direct
Actions User aggregation and
LEC
Power-to-X No Load No Yes No N/A N/A
Energy Energy storage systems Yes (only small Yes (only .
Flexibility (electric, thermal, hydro) scale) Load Yes Yes small scale) Both Direct
Flexible z.issets Yes (only small Both Yes Yes Yes (only Both Direct
(generation and demand) scale) small scale)
Nuclear power plant No No N/A N/A
Large Power | Reserve gas sources Yes No N/A N/A
No Generator No
Plant Renewable energy: solar,
on-shore/off-shore wind, Yes Yes Both Indirect
climate-neutral fuels
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Table 3-4. Technology options that impact the distribution system in future scenarios

Kind of
Impact
[Direct/

Impact on
distribution
[Yes/No]

Impact stage
[Planning/
Operation]

Technology
category

Technology options

Indirect]

Plug-in Electric Battery Electric Vehicles Yes Both Direct
Vehicles
Traf fic Flow Shared mobility Yes Both Indirect
Actions

Building refurbishment
Bul.ldmg Structural | Building standards Yes Planning Indirect
Actions (zero or plus energy house)

Passive solutions
Building Non- Condensing boiler
Electric Device Yes Planning Indirect
Actions Solar water heating

Heat pumps Yes Both Direct
Buil.ding Ellectric CHP (non-fossil) Yes Both Direct
Device Actions

Renewable energy at the .

household level Yes Both Direct
Bml.d ing Ellectrlc Building automation Yes Both Indirect
Device Actions
Infrastructural . . .
Building Actions Heating and cooling networks Yes Both Indirect

Decentralised, smart energy
lE)Lel;:Ctrlgzyﬁgzztem SHBlE Yes Both Direct

Y User aggregation and LEC
Energy storage systems
(electric, thermal, hydro)
s Flexible assets (generation and Yes (only ;

Energy Flexibility demand) small scale) Both Direct

Power-to-X

Nuclear power plant No

Reserve gas sources No .
Large Power Plant Both Indirect

Renewable energy: solar, on-

shore/off-shore wind, climate- Yes

neutral fuels
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3.3 Findings of the analysis of the technology options

To overcome the existing and the expected limitations in the use of flexibility by distribution system
operators, the analysis of the technology options that characterise the future electricity system
represents a crucial activity.

In this document, the mid-century long-term plans of Germany, Belgium, Spain, Portugal, and Poland
developed in compliance with the UNFCCC COP21 agreement are analysed to identify the technology
options exploited for achieving the EU climate-neutrality goal. The analysed long-term plans show a
certain degree of alignment in terms of the technology options promoted or introduced in the next
future. A univocal definition for each technology option is proposed to harmonise similar technology
options and provide a concise list.

The similarities and linkages of the technology options are studied. Grouping in terms of similarity
allows defining categories of homogeneous technological options. The study of the linkages among
the technology options identified if a pair of technology options are synergic, competing, or
uncorrelated. The knowledge of the linkages among the technology options is of interest since the
impact generated by the development of one technology option may affect more than one energy
subsector and influence the impacts and the deployment of the other technology options. The
qualitative linkage analysis highlighted which technology option pairs are synergic and which
competing. This analysis serves as the basis for further activities in which the impact of the technology
options will be linked with the expected degree of development considered for them in the scenario
paths.

Finally, each technology option retrieved from the analysed national long-term plans is assessed to
determine if its deployment would impact the distribution system. The analysis aims to build a subset
of technology options in which the related impact can be quantified considering the level of
development expected for each technology option in the different future scenario paths. The
characteristics considered relevant to determine if a technology option impacts the distribution
system planning and operation are the grid connection status, asset typology, direction of the power
flow (injection, consumption, or both), and the capability to provide short-term flexibility. The
assessment allowed to identify the subset of technology options that can directly or indirectly impact
the future distribution system. However, to estimate each technology option's impact on the
distribution system, the characteristics of the expected future scenario have to be considered. An
analysis of future scenarios is performed in chapter 4.
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4 Flexibility needs in long-term scenarios

4.1 Methodology adopted for the long-term scenario analysis

Identifying the impact on the distribution system caused by the deployment of the different
technology options requires studying the expected future scenarios. The analysis of the expected
future scenarios allows understanding the set of technology options that will be adopted and the
different deployment levels expected for each technology option. Therefore, the impact on the
distribution network and the corresponding need for flexibility depends on the characteristics of the
future scenario considered.

The methodology adopted in this document aims to contribute to the future distribution system's
flexibility needs identification, as depicted in Figure 4-1. The proposed methodology leads to the
formalisation of general recommendations regarding deploying the technology option to take full
advantage of the changes expected for the distribution system.

. For each . Considering all scenarios:
R For each scenario: . For each scenario: )
(G ERTE] . e technology option: o recommendations
identification of the . e = definition of the .
of the . identification of the ) on how to coordinate the
technology options . . overall impact on )
relevant factors influencing B gy technology options
) S the distribution N
scenarios the distribution deployment to minimise

system system negative impacts

impacting the
distribution system

Figure 4-1. Methodology proposed for identifying the residual need for flexibility in the
distribution system

The first step of the methodology in Figure 4-1 concerns the identification of the relevant future
scenarios. The future scenarios of interest for the analysis are selected among the list proposed by
relevant international bodies considering the possible impacts on the distribution system determined
by the choices adopted. Since the high level of uncertainty of scenarios that forecast 30-50 years in
the future, a high-level analysis is undertaken. Moreover, the most extreme scenarios are selected to
define the boundaries of the uncertainty box.

A scenario can be considered as a portfolio of technology options; each scenario is characterised by a
different level of deployment expected for each of the technology options that form that portfolio. In
the second step, each selected scenario is analysed to identify the relevant technology options that
can impact the distribution system in Table 3-4. Therefore, each scenario is analysed to identify the
role of relevant technology options and the related level of deployment expected. Then, in the third
step, the adopted methodology assesses the contribution of the relevant technology options to the
distribution system flexibility needs. As described in Table 4-1, to estimate the technology options
contribution on the flexibility need of the distribution system, four factors have been identified:

i. increased electricity demand at the distribution level,
ii. increased renewable generation,
iii.  increased solar generation at the distribution level,
iv.  increased presence of technology options that can provide flexibility to the distribution
system.

In the fourth step, according to the methodology flow depicted in Figure 4-1, the identified technology
options contributions are simultaneously considered to determine the impact of the scenario under
analysis. In this step, the linkages among the technology options identified in Table 3-2 are relevant
to understand positive and negative correlations, hence compensations or aggravation regarding the
burden on the distribution system flexibility needs.

The very last step of the methodology in Figure 4-1 concerns the analysis of the results obtained by
analysing all the studied scenarios. The analysis leads to recommendations regarding the measures
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to consider for coordinating the technology options deployment to minimise the negative impact on
the distribution system and minimise the residual need for flexibility.

The technology options of interest for the scenario analysis are identified in Table 3-4 that lists the
technology options that can impact the distribution system and reports the key characteristics of the
corresponding impact. Therefore, each future scenario is analysed to determine which of the
technology options in Table 3-4 are adopted and understand the corresponding deployment level.
Then, to undertake the scenario analysis as depicted in Figure 4-1, each technology option is firstly
considered independently; the related impact on the distribution system in terms of flexibility needs
is studied considering the four factors:

e Changes in the electricity demand. It is of interest if the analysed scenario includes an
electricity demand change at the distribution level and which technology options are expected
to cause the electricity demand change. In fact, the load growth impacts the distribution system
planning because an adequate capacity has to be guaranteed and considered when the
reinforcement plans are devised. Moreover, the emergence of new loads and novel consumption
habits impacts both the planning and operation of the distribution system since the typical
curves of the aggregated loads lose validity. Therefore, to manage both the quantitative load
growth and behavioural load change, the distribution power system may require additional
flexibility resources to avoid congestions and voltage problems, shave peaks, and guarantee
adequate levels of quality and security of supply.

¢ Change in the electric power generation mix. Since renewable energy sources are very often
characterized by intermittent production, the increase of the electrical energy generated by
renewable may increase the variability of the electrical energy production. Therefore,
irrespective of the voltage level at which RESs are connected, the overall power system will
require more flexibility, also at the distribution system from loads, storage, distributed
generation.

o Increase of the distributed generation. The intermittent and non-programmable electric
power generation connected at the distribution level significantly impacts the increased need
for flexibility of the distribution system since the perturbances are created locally and should
be solved locally to minimise the consequences for the whole power system. To illustrate, solar
generation and small scale wind are promoted for buildings and industry [95]. The scenarios
are analysed with a particular focus on the level of deployment expected for the distributed
solar and wind generation.

e The availability of flexible technology options already expected in the considered scenario.
Each of the scenarios of interest envisages several technology options to achieve the policy,
energy, and climate goals. As pointed out in Table 3-4, some of the technology options in each
scenario's portfolio can provide flexibility to the distribution system. Therefore, the
deployment of such flexible technology options contributes to relieving the need for flexibility
of the distribution system and, then, reducing or eliminating the residual need for flexibility in
the distribution system. To illustrate, EV-charger integration in distribution increases the
operational need for flexibility. However, by enabling and demanding these EV-chargers to
provide flexibility (i.e., through smart charging or even V2G services), they can be a "net-zero"
on flexibility needs or even "net-positive" source of flexibility.

Table 4-1 provides a brief overview of the approach used to estimate the impact of a technology
option in terms of the residual need for flexibility to be connected to the distribution system. Table 4-
1 describes how is assessed the impact on the flexibility needs due to a technology option. Table 4-1
is scenario agnostic, the procedure exemplified in Figure 4-1 is applied, for each scenario, for all
relevant technology options. Table 4-1 shows the approach adopted for assessing the influence of a
technology option on the flexibility need of the distribution system relying on the four factors
previously described: the electricity demand, the generation mix, the level of distributed generation,
and the availability of flexible technology options already expected in the considered scenario.
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Table 4-1. Approach to estimate the impact of each technology option on the distribution
system flexibility needs

Dimension

Electricity demand
change

Factor

Electricity demand
increase

Consequence

Increased burden for

the distribution system

Generation mix change

Increase in renewable
generation

Increase energy
generation variability

Changes in the
distributed generation

Increase of generation
at the distribution level

Increased burden for
the distribution system

Changes in the

Increase of flexible

Impact on flexibility

need

increase

increase

increase

Availability of options
to be exploited without
additional measures

availability of technology options
technology options able| already expected in the
to provide flexibility scenario

decrease

4.2 Identification of relevant scenarios

The research activity described in this document focuses on the analysis of the scenario paths defined
by the European Commission for the Clean Planet for All package [1]. The proposed scenarios have
the 2050 horizon and are developed to reduce GHG emissions with respect to 1990. All proposed
scenarios are focused on the total decarbonisation of the European economy, are based on the same
baseline” and have identical technology assumptions. All scenarios assume the intensification of the
development of specific technologies after 2030. The scenarios proposed by the European
Commission in [1] are classified according to three categories:

1. Scenarios with GHG reductions which ambition is limiting global warming to well below 2°C;
a. Scenarios with GHG reductions driven by decarbonised energy carriers, the ambition
of well below 2°C;
b. Scenarios with demand-driven GHG reductions, the ambition of well below 2°C;
2. Scenarios that combine the pathways of Scenario Category 1, aiming for further emissions
reduction beyond the ambition of well below 2°C;
3. Scenarios with the highest GHG reductions scenarios, these scenarios are the most ambitious
since they pursue limiting temperature change to 1.5°C, translated to a target of net-zero GHG
emissions in 2050.

Figure 4-2 provide an overview of the relationship existing among the EU COM 773 (2018) scenarios.

" The baseline (known as Baseline [1]) is based on the Reference scenario 2016 (REF2016). The Baseline keeps the REF2016
macro-economic projections, fossil fuels price developments and pre-2015 Member States policies. In addition, the Baseline
considers novel technology assumptions (from ASSET project) and recent updates in legislation and Commission proposals.
The Baseline includes projections to 2070. The Baseline projects the achievement of energy and climate 2030 targets agreed
by June 2018 and the continuation of the CO2 reduction policies. The Baseline provide the basis for comparing different
long-term pathways consistent with the targets of limiting global warming to well below 2°C or 1.5°C. The Baseline does not
reflect specific Member State policies adopted as of 2015.
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Figure 4-2. Overview of the relationship among the EU COM 773 (2018) scenarios

The EU Commission COM (2018) 773 scenarios belonging to category 1a (green) are ELEC, H2, P2X.
The key action of the ELEC scenario is the electrification of energy demand and thus a higher
electricity generation. The scenario H2 concern as key action the deployment of e-hydrogen in the
energy demand sectors and thus hydrogen production on the supply side. Similarly, the P2X scenario
is based on the deployment of e-fuels (e-gas and e-liquids, synthetic fuels produced from
decarbonised electricity) in the energy demand sectors and thus e-fuels production on the supply
side.

Category 1b (purple) scenarios achieve the same results as the scenarios in category 1a; however, the
key action is on demand-side actions instead of generation. The key action of the EE scenario is the
achievement of the highest energy efficiency in buildings, industry and transport. In comparison, the
key action of the CIRC scenario is the adoption of the circular economy paradigm in the industry and,
to a limited extent, in transport.

The second category of scenarios contains the scenario COMBO obtained combining solutions for each
sector from the scenarios of Category 1. The COMBO scenario does not push the development of one
specific technology or policy, as it happens in Category 1 scenarios, and it does not include any
customer choice changes or circular economy adoption. However, the COMBO scenario preserves the
global warming target of category 1; it can be considered a bridge between Category 1 and 3.

Category 3 (red) contains scenarios 1.5TECH and 1.5LIFE. Scenario 1.5TECH envisages as a key
complementary action to develop negative emissions technologies as of 2050 as the land use sinks
and the adoption of CCS technologies. While the 1.5LIFE concerns as the key complementary action
the adoption of sustainable lifestyles such as the change in consumer choice in transport and the
adoption of the circular economy in the industry.

Although each scenario highly promotes only some aspects, none of the scenarios considers an
extreme development of a specific technology option. However, based on current knowledge, all
scenarios consider a feasible and realistic pathway deployment for the future. The projections of all
eight scenarios tend to be quite close until 2030; the differences among scenarios start becoming
more visible post-2030 and in particular closer to 2050, when deployment of different energy carriers
and level of demand becomes more differentiated, low carbon technology costs further reduce
depending on the deployment, and the existing infrastructure is replaced or refurbished. Hence, the
projections start diverging even more post-2050. The behaviour modelled considering the
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deployments of the scenarios and the related effects reflects the inertia of the energy system and the
economy as a whole.

Table 4-2 describes the main aspects of the seven EU COM 773 (2018) scenarios [2]. For each
scenario, the main drivers are the GHG 2050 target, the main common assumptions, the key actions
for the power sector, industry, buildings, and transportation.
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Table 4-2. Main aspects of the EU Commission COM (2018) 773 scenarios

Source: [2]

Scenario

Main Drivers

GHG 2050
target

Major common

assumptions

Power Sector

Other

ELEC Electrification in all
sectors

H2 Hydrogen in
industry, transport
and Buildings

- 0,

P2X E-fuels in industry, (zgcf)ugfrlf
transport and sinks) 8
buildings .

well

EE Deep energy below 2°C”
efficiency in all ambition
sectors

CIRC Increased resource
and material
efficiency

COMBO Cost-efficient o
combination of -[?r?cf) GHG
options from 2°C sinks.)
scenarios

1.5TECH | Based on COMBO
with more CCS -100%

GHG (incl.

1.5LIFE | Based on COMBO ehils))
and CIRC with L5 _C_
lifestyle changes ambition

Higher energy
efficiency post-
2030.
Deployment of
sustainable,

advanced biofuels.

Moderate circular
economy
measures.
Digitalisation.
Market
coordination for
infrastructure
deployment.
BECCS present
only post-2050 in
2°C scenarios.
Significant
learning by doing
for low carbon
technologies.
Significant
improvements in
the efficiency of
the transport
system.

Power is nearly
decarbonised by
2050.

Strong
penetration of
RES facilitated by
system
optimization
(demand-side
response,
storage,
interconnections,
role of
prosumers).
Nuclear still plays
arole in the
power sector and
CCS deployment
faces limitations.

Industry Buildings Transportation drivers
Electrification of | heat pumps Faster
processes electrification for all
transport modes
Use of H2 in H2 for heating H2 deployment for H2 in gas
targeted HDVs and some for distribution
applications LDVs grid
Use of e-gas in e-gas for E-fuels E-gas in gas
targeted heating deployment for all distribution
applications modes grid
Reducing energy | Increased Increased
demand via renovation modal shift
Energy Efficiency | rates and depth
Higher recycling Sustainable Mobility as a service
rates, material buildings
substitution,
circular
measures
Combination of most Cost-efficient options from “well below
2°C” scenarios with the targeted application (excluding
CIRC)
Limited
COMBO but stronger enhancement

natural sink

CIRC+COMBObut stronger

CIRC+COMBO but
stronger +
alternative air
travels

Dietary
changes
Enhancement
natural sink
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From Table 4-2, four pillars can be identified as aspects of interest for the analysis of the scenarios
and the corresponding impacts to the distribution system:

e power generation decarbonisation;

e electrification of the energy use;

e introduction of flexible resources in the power system;
e enhanced energy efficiency.

First, power generation decarbonisation is achieved by increasing the energy produced from
renewable sources, nuclear generation, and CCS technologies. Second, the electrification of the energy
uses regards mainly the building sector's energy demands, cooling and heating in particular.
Moreover, the electrification of the energy demand of the transportation and industrial sector plays a
central role. Third, the introduction of flexible resources in the power system relies on the adoption
of improved operating practices (enhanced predictive management of the transmission and the
distribution system), the use of energy storage devices to enable a short- and long-term energy buffer,
the promotion of demand response programs to unlock the flexibility of loads and pursue the
generation-following paradigm to increase hosting capacity. Finally, the achievement of an increased
energy efficiency includes actions to be undertaken mainly in the industrial, building, and
transportation sectors. The reduction of the energy demand of those sectors concerns the
digitalisation of the processes from management, production, assembly lines, and delivery, the
adoption of building automation and smart devices (e.g. smart appliances) able to optimise the energy
consumption of residential and services buildings, the promotion of smart traffic management
systems and multi-modal solutions to reduce the overall energy demand of mobility.

Category 1 scenarios are of interest to determine the impacts that may affect the distribution system
since these scenarios are the basis for the scenarios belonging to Category 2 and 3. The Category 1
scenarios share the ambition of reducing the 80% GHG emission in 2050 and the assumptions of
coordinated infrastructure deployment and significant learning by doing for low carbon technologies.
The common underlying hypotheses of Category 1 scenarios are [2]:

e the adoption of 2030 as the reference year for the achievement of the most valuable results in
energy efficiency and average building renovation rate;

e the adoption of digitalisation;

e the adoption of electricity consumption patterns characterised by increased self-consumption
demand response;

e the development of electricity storage for RES integration;

e the adoption of moderate circular economy measures, with increased resource efficiency and
improved waste management;

e the adoption of the same carbon price for all scenarios of Category 1;

e The additional electricity demand is satisfied by resources from the EU territory (mostly local
onshore and offshore wind and solar, but also nuclear).

Similarities exist among the scenarios of Category 1, also considering the actions regarding renewable
energy generation, traditional power generation and transport sector. Common aspects are:

¢ the adoption of renewable energy generation or electricity and heating & cooling;

e the increased use of advanced biofuel (and bio-methane) mandate in transport, reaching at
least 25% in total transport fuels (excluding electricity and hydrogen) by 2050;

e the limited biomass imports post-2030 (close to 2015 levels, approx. 12 Mtoe).

Regarding the traditional power generation, all scenarios in Category 1 consider:

e anearly decarbonised electric power sector by 2050,
e anotnegligible role of the electricity generation using nuclear power plants,
e alimited CCS deployment until 2050.
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In the transportation sector, all Category 1 scenarios consider:

e the higher intensity of policies post-2030,

e measures to increase the efficiency of the transport system (i.e. digital technologies,
connected, cooperative and automated mobility, smart pricing, multi-modality and lower
emission transport modes),

e ambitious CO2 standards for Light-Duty Vehicles (LDVs) and Heavy-Duty Vehicles (HDVs).

Category 1 scenarios conceive the development of sector-specific actions and technologies; therefore,
the differences existing among them can be described by comparing the expected future on a sector
basis. For the sake of clarity, Table 4-3 describes the main differences existing among the Category 1

scenarios pointing out the different sectors [2].

Table 4-3. Main differences among the Category 1 scenarios

Source: [2]
Scenario Buildings Industry Transport Other
ELEC Electricity for Electrification for Optimistic learning
heating part of high- assumptions for
temperature heat batteries. Standards for
cars reach 16 gCO2/km
(WLTP cycle) in 2050
and become zero from
2060 onwards.
H2 Use of carbon- Direct use of Optimistic learning Share of hydrogen in
neutral gases hydrogen in high- assumptions for fuel distributed gas of up
temperature cells. Large scale to 50% in 2050 and
furnaces availability of H2 70% in 2070.
refuelling stations. Hydrogen production

Standards for cars reach

provides indirect

primary industrial
output on average
10%. Waste heat
Recovery

automated mobility.
More efficient logistics.
Standards for cars reach
30 gCO2/km in 2050

18 gCO2/km in 2050 electricity storage
P2X Use of carbon- Standards for cars reach Share of e-gas in gas
neutral gases 30 gCO2/km in 2050 distribution grid up to
60%. E-gas
production provides
indirect electricity
storage
EE Renovations Improved energy The further improved
Improved efficiency in energy efficiency of
energy industrial heat vehicles. The higher
efficiency in applications and model shift towards rail,
appliances equipment. waterborne transport
Waste heat and collective transport
Recovery modes in the urban
environment. Standards
for cars reach 23
gC02/km in 2050
CIRC High material A circular industrial | Integrating the sharing
efficiency and value chain, more economy and connected,
substitution recycling, reduced cooperative and
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Considering the goal of the analysis described in this document, from the characteristics of the
scenarios proposed by the EU Commission COM (2018) 773 scenarios in [2] described in Table 4-1,
the Category 1 scenarios are of primary interest. In particular, the ELEC, H2, P2X, and EE are the
scenarios that define the most relevant stress conditions for the distribution system. These scenarios
pursue the most ambitious goal regarding the world temperature increase (“well below 2°C”
ambition) and consider achieving this goal by adopting only energy generation and demand actions.
Impacts determined by behavioural changes such as lifestyle changes and circular economies play a
minor role. Furthermore, each of these scenarios is based on different specific drivers that determine
the area to which belong the privileged technology options. The analysis of the information
summarized in Table 4-3 allows establishing that the ELEC, H2, P2X, and EE represent the extremes
scenarios within the actual future would probably lay. Uncertainties and specificities related to the
local conditions (i.e. climate, environment, regulation, societal, and others) make it likely to assume
that none of these scenarios will actually occur. However, the actual future scenario could be close to
one of those scenarios that define the vertexes of the uncertainty box, as depicted in Figure 4-3, or be
an average among them. Therefore, the analysis of the impacts on the distribution system determined
by these scenarios can be considered to correspond to the analysis of a worst-case scenario in which
multiple scenarios are of interest.

Extreme
ELE C Electrification

Extreme
Energy Efficiency

H2-P2X Extreme

Gas Demand

Figure 4-3. Illustrative representation of the selected scenarios

As depicted in Figure 4-3, for the scope of the analysis described in this document, the H2 and the P2X
scenarios can be considered a unique scenario that considers each aspect of interest the most
demanding condition for the distribution system. The H2 and the P2X scenarios are designed so that
the hydrogen and the power-to-X technologies are interchangeable (i.e. the development of hydrogen
technologies in H2 is equal to the development of the synfuel technologies in P2X).

4.3 Analysis of the long-term scenarios considering technology option
developments

This section describes each scenario to identify the main developed technology options, assess the
impact of each technology option on the distribution system, and then determine the impact
associated with the entire scenario under analysis.

4.3.1 Description of the scenarios from the technology options

4.3.1.1 Final energy demand

Among the Category 1 scenarios of the EU Commission COM (2018) 773 [2], the ELEC scenario is the
demand-driven scenario that envisages the maximum electrification of the energy demand of all
sectors; the EE scenario stresses the initiatives regarding energy efficiency and the reduction of the
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overall energy demand; the H2 and P2X respectively consider the maximum adoption rate for the
technology options based on hydrogen and the conversion of the electrical energy in other energy
vectors such as hydrogen and e-fuel. In this analysis, the H2 and P2X scenarios are considered
alternatively selecting each time the one that shows the highest difference with respect to EE and
ELEC.

Compared to 2005, all the scenarios selected for the analysis consider a reduction in the final energy
consumption, as shown in Figure 4-4. The ELEC scenario considers a reduction of the overall final
energy consumption of about 35%, in which the services and the industrial sectors are expected to
experience an energy demand decrease close to 23% [2]. In the transportation and residential sectors,
the energy demand would decrease about 42% and 47%, respectively [2]. The H2 scenario expects
the smallest reduction of the overall final energy consumption (32%); regarding the sectors of major
interest for assessing the impacts on the distribution system, the reduction of the energy consumption
of the residential and services sector is about 41% and 21% respectively. The EE scenario represents
the most extreme scenario regarding the reduction of the overall final energy consumption.
Considering all sectors, the change of the final energy consumption is about 44%. The residential
sector will reduce the final energy consumption by 57%, while the services sector by 39%.

Services 1
m ELEC
Industry ‘ = H2
EEE
0% 10%  -20%  -30%  -40%  -50%  -60%

Figure 4-4. Changes in sectoral final energy consumption (% change vs 2005)
Source [2]

Moreover, Figure 4-5 shows that the ELEC scenario expects that the final energy demand would reach
about 800 Mtoe in 2050 [2]. The H2 scenario is characterised by a slightly higher final energy
consumption with respect to ELEC; conversely, the EE scenario expects the lowest final energy
consumption (about 660 Mtoe) [2].

mELEC
mH2
EEE
w2015

Total [Mtoe]

0 200 400 600 800 1000 1200

Figure 4-5. Expected final energy consumption for the considered scenarios
Source [2]
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Figure 4-6 depicts the share of energy carriers in final energy consumption expected in 2050 for the
three analysed scenarios. In the ELEC scenario, the electricity vector will cover 53% of the final energy
demand [2]. The electricity vector will cover about 40% of the final energy consumption in the H2
scenario, while about 45% in the EE scenarios. Only a negligible share of the final energy demand is
expected to be satisfied by hydrogen in the ELEC and EE scenarios. However, hydrogen satisfies about
20% of the final energy consumption for the H2 scenario [2]. E-fuels replace the hydrogen quota in
the P2X scenario (not represented in Figure 4-6).
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.
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]
s 2 waa
]
fossil liquids ——
solids
]
0% 10% 20% 30% 40% 50% 60%

Figure 4-6. Share of energy carriers in final energy consumption
Source [2]

Figure 4-7 shows the changes in final electricity consumption in 2050 compared to 2015. Considering
the electricity demand only, among the Category 1 scenarios, ELEC is characterised by the highest
growth (final demand of electricity being 75% above 2015) while the EE scenario has the lowest
electricity demand (36% increase with respect to 2015) due to the increased energy efficiency that
counterbalances the electrification of consumers. Considering 2015 as a reference, in the ELEC
scenario, in 2050, the service sector would increase by 40% the final electricity consumption; while
for the residential sector, the final electricity demand would increase by about 70%. The EE scenario
expects to reduce the final energy consumption of the service sector by about 3%, while the
residential sector will experience a 22% growth. In the H2 scenario, the service and residential sectors
will experience an increased final energy consumption of about 37% and 42%, respectively.
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Figure 4-7. Changes in final electricity consumption in 2050 compared to 2015
Source [2]

4.3.1.2 Electric power generation

E-fuels production creates a new need for electricity supply. Consequently, the changes in the final
energy demand and the production of e-fuels, the gross electricity generation in 2050 and 2070
compared to 2030 increases strongly in all scenarios but EE, as shown in Figure 4-8.

Gross electricity generation -
(2030)

Gross electricity generation F W ELEC
(2050) = P2X

Gross electricity generation F " EE
(2070)

0% 50% 100% 150% 200%

Figure 4-8. Increase in gross electricity generation compared to 2015
Source [2]

In 2050, as shown in Figure 4-9, to satisfy the increased demand for electricity, the electric power
generation capacity is expected to experience a tremendous growth to achieve about 2200 GW in the
ELEC scenario, which corresponds to 220% of the total installed capacity in 2015. The H2 and the EE
scenarios will also experience growth of the total installed capacity, compared to 2015, the installed
capacity will be 270% and 170%, respectively.

mELEC
mH2
HEE

Power Capacity change

0% 50% 100%  150%  200% 250%  300%

Figure 4-9. Increase of the total electric power generation capacity (reference 2015)
Source [2]

Figure 4-10 shows that the technologies considered for the analysis of the power generation capacity
are solar, wind offshore, wind onshore, bioenergy with carbon capture and storage (BECCS), other
renewables, fossil fuels, fossil fuels with CCS, and nuclear. In all the analysed scenarios, the main
generation technologies are wind and solar. In the ELEC scenarios, these technologies together cover
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about 75% of the total installed capacity. Solar power plants will cover about 32% of the total installed
capacity, which is about 700 GW. In H2, the share of installed solar capacity is slightly higher, whereas
the EE scenario expects the lowest amount of installed solar capacity (500GW).

Wind Offshore __
Wind Onshore

Other renewables

'W‘

Fossil fuels m ELEC
S 0T | R ———— mH2
Nuclear [ mEE
BECCS = W 2015
Fossil CCS M

o

200 400 600 800 1000
Electric power generation capacity [GW]

Figure 4-10. Electric power generation capacity by technology expected in 2050
Source [2]

Considering the newly installed power generation capacities, as depicted in Figure 4-11, solar
generation capacity is expected to grow about 21 GW/year; it represents the 25% of the yearly
increase of generation capacity in the ELEC scenario. The P2X scenario expects the highest rate of
growth for the newly installed electric generation capacity. In that scenario, onshore wind and solar
will cover the highest share of the newly installed generation capacity. According to its primary driver,
the EE scenario has the lowest growth rate for the newly installed generation capacity. Also, in the EE
scenario, the onshore wind and solar technologies are dominant.
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Figure 4-11. Newly installed electric power generation capacity for technology, (a) total
newly installed capacity per year, (b) share of the newly installed capacity per year for
each technology option

Source [2]

4.3.1.3 Energy storage

In the ELEC scenario, the volume of pumped hydro or stationary batteries electricity storage will
achieve about 270 TWh in 2050. As shown in Figure 4-12, approximately less than 25% comes from
pumped hydro and roughly 65% from stationary batteries. This quota of storage is to be considered
in addition to the deployment of batteries vehicles. Stationary batteries would grow from 29 GW in
2030 to 178 GW (ELEC). E-fuels are deployed in the final demand sectors of the ELEC scenario. The
hydrogen and e-fuel production are expected to occur in large scale plants; therefore, the related
impact on the distribution system is negligible. Moreover, these energy vectors will be employed in
the ELEC scenario for the transportation sector and large-scale energy storage facilities. The EE
scenario expects a total storage volume of 300 TWh while the P2X scenario would achieve about 450
TWh. Batteries represent the technology that could have a more significant impact on the distribution
system. Among the three scenarios, the ELEC scenario is the one that expects to install the highest
share of batteries; a similar value is expected for the P2X and EE scenarios.
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Figure 4-12. Electricity storage in 2050
(a) total volume of storage, (b) share of storage for different technologies
Source [2]

4.3.1.4 Buildings - energy efficiency

Energy consumption in buildings (residential and services) includes multiple purposes: heating &
cooling, appliances, water heating, and cooking. In Europe, heating & cooling will remain the primary
energy demand in European Union [2]. Currently, the most common renewable-based technologies
to deliver heating and cooling services in buildings are solar thermal, geothermal, biomass boilers and
ambient energy.

In general, the improvement of the thermal insulation decreases the energy consumption for cooling
and heating to support fulfilling the GHG emissions objectives [2]. New buildings can be designed with
high-performance thermal insulation, while old buildings can be refurbished to some extent.
Nowadays, new buildings only will represent 10-25% of the buildings stock in 2050 [2]. Therefore,
building refurbishing according to the energy efficiency standards will play a big role in the overall
energy performance increase. It has been estimated that about the 35% of EU's buildings are older
than 50 years. Moreover, all buildings built before 2010 needs partial or deep renovation to comply
with the climate policies [2]. Thus, it is required to achieve a building yearly renovation rate of at least
3% [2]. Considering the scenarios under analysis, Figure 4-13 shows that the EE scenario is expected
to achieve a yearly renovation rate of 1.6% for the service buildings and 1.8% for the residential
buildings. The ELEC and the H2-P2X scenarios have similar yearly renovation rates of about 1.3% and
1.45% for the service and the residential sectors, respectively [2]. The yearly renovation rate in the
period 2016-2030 has been equal to 1.8% for the residential sector and about the 1.4% in the service
sector.
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Figure 4-13. Yearly renovation rate of buildings
Source [2]

4.3.1.5 Buildings - electrification of the energy demand

Considering the actual European residential building stock, the highest share of energy consumed is
for space heating, hot water production and cooling. In particular, space heating requires 71% of the
overall energy consumed by buildings [2].

The technological evolution and the more stringent regulation on energy efficiency have determined
considerable improvements in lighting and large appliances (e.g., refrigerators, freezers, washing
machines); however, there is still room for improvements [2]. The overall EU trend is characterised
by the decreasing relevance of large appliances and lighting, while the relevance of smaller appliances
and devices is increasing in aggregate as their number increases and their functionality makes them
more energy-intensive [2]. Furthermore, the electricity demand for air conditioning is increasing
since the extremely hot weather than usual and the broader diffusion of cooling appliances [2].

The technology option that is adopted to address heating and cooling in buildings is of primary
interest. The heating options show a great variety of primary energy efficiency values. Open fireplaces
have a primary energy efficiency of about 30%, while the most efficient heat pumps can achieve 300%
[2]. From 2010 to 2015, the average primary energy efficiency of the installed heating products raised
from 60% to 66% [2]. Central space heaters are the most common heating equipment in the EU (120
million installed units in 2015) [2]. The resources are characterised by an energy input composed of
fossil fuels (84%) and electricity (16%) [2]. The heaters energy consumption can be reduced by
replacing condensing boilers with heat pumps combined with dedicated control units for building
management. Under the current policies, it is expected by 2030 to reduce the corresponding energy
consumption by about 48% in comparison to 2015. The share of electrical appliances (i.e. mainly heat
pumps) will increase to 28% [2], [96].

Among the energy vectors that can be used for supplying the heat and cooling needs of buildings,
geothermal energy is of interest since it is available almost everywhere in Europe. It has been
estimated that about 45% of all heat demand can be covered from geothermal energy by 2050, while
25% of the population could exploit geothermal district heating and cooling [2], [97], [98].

The solar thermal adoption depends on the climate characteristic of the site in which it is installed. In
Southern Europe, it represents a widely used low-cost technology for residential hot water (for
example, solar thermal supplies 29% of the heating demand of the Cypriot building sector) [2]. In
Central Europe, solar-heated buildings and solar district heating systems have been successfully
demonstrated for detached houses and multi-family buildings.

Another relevant technology option is the High Coefficient of Performance (CoP) heat pump. These
heat pumps utilise geothermal and ambient energy to produce heating and cooling. The heat pumps
technology has flexible adoption since small capacity units can be used individually, while larger
devices can be integrated into district heating and cooling [2]. Heat pumps cover 27% of the heating
demand in the Swedish building stock, while in Finland and Italy, they cover more than 10%.

The adoption of district heating and cooling networks supports integrating various renewable heat
and cooling resources while offering storage and balancing services to the electricity grid [2]. To
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illustrate, heat pumps installed in buildings can be integrated into low-temperature heating and
cooling district networks.

Regarding the decarbonisation of the heating sector, hydrogen-based technologies have not been
central in the EU [2]; however, technologies such as fuel cell micro-CHP, direct flame combustion
boiler, catalytic boilers, and gas-powered heat pumps have been adopted at the international level.

Fuel cell technology is studied and tested in demonstration projects with the ambition to achieve a
subsequent commercial roll-out. A relatively high investment cost characterises fuel cells; moreover,
fuel cells are currently run on natural gas, so their contribution to decarbonisation is limited. In future
scenarios, especially in off-grid areas, hydrogen-fuelled heating could play a bigger role [2]. Research
and technology advancements on fuel cells are crucial for this technology option's role in the future
energy system.

The digitalisation driver and ICT development will boost building automation technologies in the
building sector. Automated buildings can adapt their operation to the occupants' needs, ensuring
optimal energy performances and interacting with energy grids [2]. All the resources in the building,
including heating and air-conditioning systems, can increase the overall hosting capacity of renewable
energy sources, improving demand-side management while guaranteeing comfort. Moreover,
building automation could lead to significant energy consumption reductions for space heating and
space cooling [2]. Automated buildings are a source of flexibility for the electricity grid since they can
manage the local demand and optimise the on-site energy production and storage (stationary battery
and plug-in hybrid vehicles) [2].

4.3.1.6 Buildings - comparison of the ELEC, H2-P2X, and EE scenarios

In 2015, about 40% of the total final energy consumption in the EU was represented by the building
demand (residential and services sectors) [2]. However, since the adoption of better building
insulation and the most efficient heating system, the share of total energy consumed is expected to
decrease.

As shown in Figure 4-14, in the residential sector, the energy consumption of buildings in 2050
compared to 2005 will be reduced by about 40% (ELEC, H2 scenarios) and 56% (EE scenario). The
strong reduction in the EE scenario is motivated by the adoption of strong renovation policies. In all
scenarios, except EE, the multiplications of consumer goods will increase the household’s electrical
appliances, increasing consumption. Moreover, Figure 4-14 shows that the final energy demand of
buildings is expected to reduce due to the policies that will achieve noticeable results by 2030. In the
ELEC and H2 scenarios, the buildings final energy demand will reduce in 2050 by about 18%
compared to 2005. The residential sector will experience a reduction of about 45%, in which the
energy demand of heating & cooling will be reduced by about 60%. In comparison, the energy demand
for appliances and lighting will increase by about 40%. The EE scenario will achieve a total energy
consumption reduction of about 60%, related to the reduction of the energy demand for heating and
cooling. The energy demand for appliances and lighting will increase by about 21% in the EE scenario.

Appliances & lighting - ® ELEC
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Figure 4-14. Evolution of the energy consumption in buildings in 2050 (compared to
2005) - residential sector
Source [2]
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Figure 4-15 shows that considering the ELEC and H2 scenarios in terms of the effects on the services
sector, the overall energy demand of buildings will decrease by about 20%, heating & cooling will
reduce the energy demand by about 45%, while the appliances and lighting will increase the energy
demand of about the 80%. Conversely, the EE scenario will reduce the energy consumption by about
40%, mainly related to heating and cooling.

Appliances & lighting [ - ® ELEC
Heating & cooling | H2
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Figure 4-15. Evolution of the energy consumption in buildings in 2050 (compared to
2005) - service sector
Source [2]

In all scenarios, a similar reduction of the useful energy demand for space heating is expected [2]. This
result will be achieved thanks to the increased insulation of buildings and better performing
equipment. Compared to 2005, the reduction will range from 53% for the ELEC and H2-P2X scenarios
to 67% in EE. Analysing the scenarios, substituting the actual energy carrier to a climate-neutral one
results in the lower reduction heating & cooling needs [2].

Figure 4-16 shows that, considered the fuel mix that will feed the building sector, in the ELEC and H2
scenarios, the share of electrical energy demand will reach about 80% of the overall energy demand
for the services sector. In the residential sector, the ELEC scenario expects up to 68%. In comparison,
the H2 scenario will be characterised by slightly less than 60% of the share of electricity in final energy
demand buildings. The EE scenario is also characterised by a share of electricity in final energy
demand buildings in the service sector of about 80% and about 60% in the residential sector.

Services = mELEC
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Residential = B EE
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Figure 4-16. Share of electricity in final energy demand buildings
Source [2]

The main driver of the reduction of the share of electricity in final energy demand buildings is the
electrification of space heating, particularly through heat pumps. The adoption of new appliances is
moderated by the fact that it is assumed that the novel smart appliances are energy efficient by design.
As shown in Figure 4-17, in the residential sector of the ELEC scenario, the electricity share in heating
grows from 14% in 2030 to 44% by 2050. The trend is more robust in the services sector, as electricity
share for space heating grows from 29% in 2030 to 60% in 2050. In the ELEC scenario, the number
of dwellings adopting electrical heating systems, mainly heat pumps, is ten times bigger compared to
2015, representing some 2/3 of all dwellings. The H2 scenario has a similar trend regarding the
service sector (about 50%), while in the residential sector, the share of electricity in space heating
will be close to the 20%. The EE scenario has about the 40% of the share of electricity in space heating
in buildings of the service sector, while this percentage in the residential sector is about the 30%.
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Figure 4-17. Share of electricity in space heating in buildings
Source [2]

4.3.1.7 Transport

Transport is a relevant sector for the achievements of the European Union climate goals since it
represents around a third of the final energy consumption, and, traditionally, the dominant transport
technologies are fed by liquid fossil fuels.

Post-2020, more stringent standards concerning the GHG emissions will be introduced for new
passengers cars and vans, light and heavy-duty vehicles due to the revision of the Clean Vehicles
Directive that the European Parliament has adopted and Council in June 2019 [99]. Post-2030, no
further tightening of CO; standards is assumed since the turnover of the vehicle stock and the
technological progress relies on the adoption of electric and fuel cell vehicles. Therefore, conventional
internal combustion engine (ICE) vehicles that exploit diesel, gasoline, and gas, and hybrid vehicles
will be gradually replaced by electrically chargeable systems (i.e. battery-electric, plug-in hybrid and
fuel cell vehicles). As shown in Figure 4-18, in the long run, battery electric vehicles become
increasingly important, representing the primary technology of the vehicle stock by 2050, plug-in
hybrids would represent the second most widespread technology. The adoption of hydrogen vehicles
depends on the availability of refuelling infrastructure and the development of hydrogen production
plants, and dedicated policy incentives may be required to favour the adoption of this technology.
Therefore, it is expected that fuel cell vehicles represent only a marginal share of the car's stock by
2050. The ELEC and EE scenarios concern the most extensive adoption of electric and plugin hybrid
vehicles. The adoption of fuel cells is marginal in both scenarios, even if the ELEC scenario expects a
higher quota. The H2 scenario is the one that expects the lower share of passengers’ cars that require
to be plugged in (electric and plugin hybrid). In 2050, the H2 scenario expects the large-scale
availability of hydrogen stations. The 16% of car stock will be based on fuel cells, while plug-in hybrids
will represent 17%, only 51% of the car stock will be based on battery electric vehicles.
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Figure 4-18. Shares in total passengers’ cars stock by drivetrain technology
Source [2]

Figure 4-19 shows the shares in total light commercial vehicle stock by drivetrain technology
expected in 2050 for the three scenarios under analysis and 2015. The evolution of the total light
commercial vehicle stock is similar to the passengers’ cars stock even if the transition towards less
emissive vehicles is less massive; traditional ICE vehicles keep having a high quota. In 2015, the light
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commercial vehicles fleet was dominated by conventional diesel ICE. In 2050, battery-electric, plug-
in hybrid and fuel cell vehicles will cover a significant share, about 80% of the total share. EE and
ELEC show similar shares of the stock in 2050 (41-44% for battery electric, 22-25% for plug-in
hybrids and 6-7% for fuel cells). In the H2 scenario, fuel cells will achieve up to 45% of the stock while
battery-electric and plug-in hybrids represent around 19% and 16%. The H2 scenario is the one that
expects the lower share of light commercial vehicles that require to be plugged in.
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Figure 4-19. Shares in total light commercial vehicle stock by drivetrain technology
Source [2]

4.4 Discussion on the long-term scenario analysis

The three selected scenarios analysed in section 4.3 highlight the similarities and differences
considering the development of the main technology options identified and discussed in section 3.
Quantitative and qualitative information on the scenarios has been processed considering the
technology options that gain the main emphasis. Table 4-4, Table 4-5, and Table 4-6 provide the
outcome of assessing the impact of each scenario on the distribution system, considering the
emphasis that each scenario has on the different technology options. The assessment in Table 4-4,
Table 4-5, and Table 4-6 recall the methodology described in Figure 4-1 and Table 4-1.

The distribution system needs due to the deployment of the different scenarios could be solved by
resorting to infrastructure upgrading or the active management of the flexible resources. The
scenarios involve by themselves the deployment of technology options able to provide flexibility to
the distribution system and then, able to relieve in part the overall distribution system needs.
Therefore, for the sake of simplicity, in the following section, the terminology “residual need for
flexibility” is used to refer to the residual need of the distribution system for measures to address the
scarcities due to the deployment of future scenarios.

4.4.1 The ELEC scenario

Among the three analysed scenarios, ELEC envisages the highest electrification of the final energy
uses in the residential and services sector, which focus mainly on the use of electricity for heating &
cooling. This aspect makes this scenario relevant for the analysis of the future distribution system.
The use of renewables to feed the heating & cooling demand may resort to hybrid systems combining
several types of fuels in individual buildings or decentralised district systems. The electrified heating
& cooling through heat pumps is seen as an essential technology option for decarbonising the energy
demand of buildings. Heat pumps are more likely to be adopted than district heating and cooling since
dedicated infrastructures are not required.

Table 4-4 highlights the impact that the ELEC scenario has on the distribution system. Considering
the battery electric vehicle, the impact on the distribution system is twofold: the negative impact
caused by the increased demand and the positive impact due to the availability of flexible resources.
However, the positive impact is conditionally obtained since it requires that smart charging or
vehicle-to-grid is enabled. The level of development of battery electric vehicles shown in Figure 4-18
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and Figure 4-19 allows concluding that, only considering the impact of battery electric vehicles, the
ELEC and EE scenario will have a similar impact on the distribution system that is higher than the
impact corresponding to the H2 scenario. Comparing the ELEC scenario with the current situation,
the former will significantly impact the distribution system since battery electric vehicles are
currently negligible compared to the 2050 expectations. However, the residual distribution system
needs for flexibility capacity depends on smart charging and vehicle-to-grid technologies deployment.
Deploying these two services is of primary interest to reduce the overall impact of the battery electric
vehicle stock.

Heat pumps gain significant relevance in the ELEC scenario. In fact, the ELEC scenario is expected to
exploit heat pumps for heating and cooling in most residential and service buildings. As reported in
Table 4-4, heat pumps negatively impact the distribution system since it represents an additional load
for the distribution system. The adoption of the heat pumps corresponds to the electrification of the
cooling and heating demand that is then moved from other energy vectors to the electricity vector.
However, heat pumps can positively impact the distribution system since they represent a flexible
technology option. Nevertheless, this potential positive impact depends on the adoption of controls
for optimising the operation of the heat pumps also considering the requirements for the distribution
system operation. The control of heat pumps has to be able to adapt the heat pump operation to react
to external signals and provide system services to the power system. Moreover, the amount of
flexibility provided by the heat pumps increases if combined with heat storage or heating and cooling
networks. Considering the information available from Figure 4-17 that represents the share of
electricity used for space heating, that as explained in section 4.3 represents the energy demand from
heat pumps, the ELEC scenario will have a more substantial impact on the distribution system
considering the other scenarios, since the electric energy consumed for space heating is higher both
in the residential and in the service sectors. Moreover, considering the status quo, the ELEC scenario
will greatly impact the huge change in the electricity consumed in space heating in buildings that
correspond to the massive adoption of heat pumps. Considering the flexibility introduced by the heat
pumps, it is worth highlighting that the service sector has a higher potential since it is more likely to
adopt automation technology and the dimension of the buildings provide more room for controlling
the heat pump operation for providing flexibility to the DSO without detreating the occupants’
comfort. Therefore, the overall impact on the distribution system due to the adoption of heat pumps
will be higher in distribution grids that serve residential areas, while in districts devoted to the
tertiary sector, the need for flexibility due to heat pumps is in part compensated by the potential
flexibility of controllable heat pumps. Therefore, similar to the case of battery electric vehicles, the
residual flexibility needs and the related infrastructure requirements that the distribution system
may face in the ELEC scenario are reduced if the heat pumps are equipped with control systems that
allow providing flexibility to the grid.

As depicted in Figure 4-13, in the ELEC scenario, the refurbishment rate of buildings will be the same
as in the H2 scenario but lower than the rate of the EE scenario and the rate observed in the period
2016-2030. As highlighted in Table 4-4, refurbish buildings allows to reduce the energy demand for
heating and cooling. If heating and cooling use electric energy, the higher the refurbishment rate, the
lower the electricity demand, and then, the lower is the burden on the distribution grid. In the ELEC
scenario, the low refurbishment rate determines a higher demand for space heating and cooling.
Therefore, in the ELEC scenario, the higher demand for space heating and cooling coincides with the
adoption of heat pumps, as discussed in section 4.3.1.5.
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Table 4-4. Technology options analysis for the ELEC scenario

Technology Factor Consequence Impacton Compared to the other Compared to the

option flexibility scenarios status quo

need

ECV/BEV Electricity Flexibility Increase Same impact as EE High impact.
demand Demand scenario. Higher impact .

. ot ; [Reference: Figure
increase Increase considering H2 scenario 4-18

(+10% higher). el

[Reference: Figure 4-18].
Increase of Compensation | Decrease Same impact as EE High impact
flexible of the scenario. Higher impact Conditional
technology flexibility considering H2 scenario (Lomndh ol
options in needs, e.g. (*10% higher). [Reference: Figure
th i th h t -

€ scenario rousgh smar [Reference: Figure 4-18]. 4-18].
- charging

(conditional)

Heat pumps Electricity Flexibility Increase ~25% (H2), *10% (EE) ~45% higher in the
demand demand higher in the residential service buildings
increase increase buildings. ~40% higher in the

~10% (H2), ~20% (EE) residential
higher in the service buildings.
ildings.
buildings [Reference Figure
[Reference Figure 4-17] 4-17]
Increase of Compensation | Decrease ~25% (H2), *10% (EE) ~45% higher in the
flexible of the higher in the residential service buildings
hnol flexibili ildings.
the scenario | through smart 2,10% (HZ), 220%_ (EE) reslldclentlal
e d higher in the service buildings.
(Conditional) operation an buildings.
additional [Reference Figure
heat-storage [Reference Figure 4-17] 4-17]
(Conditional)

Building Decrease of Electricity Decrease Same as H2, a smaller Lower renovation

Refurbishment the energy demand decrease than EE. rate, hence less
demand decrease ieRaranes e Ads] decrease.

[Reference Figure
4-13]

4.4.2 The H2-P2X scenario

Table 4-5 resumes the analysis of the main technology options that impact the distribution system
concerning the H2-P2X scenario. As previously described for the scenario ELEC in Table 4-5, the
battery electric vehicle technology option has both a positive and negative impact on the need for
flexibility of the distribution system. The H2-P2X scenarios expect a lower development of this
technology option than the ELEC and EE scenarios. Therefore, the related impact on the distribution
system will be lower. However, regarding the status in 2015, since currently there are almost no EVs
compared to 2050 scenarios, the impact of this technology option also for the H2-P2X scenarios is
considered similar to the ELEC and EE scenarios.

As described in Table 4-5, the development of heat pumps expected for the H2-P2X scenarios is the
lowest in the residential sector. At the same time, it stays in between the ELEC and the EE scenarios
for the service buildings. Therefore, regarding the deployment of heat pumps, the H2-P2X scenarios
generate an impact on the distribution system that is expected to be lower than the impact of the ELEC
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scenario while slightly higher than the one of the EE scenarios. In the H2-P2X scenarios, it is expected
that the heating and cooling of buildings will be addressed using other technology options (e.g., CHP,
condensing boilers).

Table 4-5 and Figure 4-13 highlight that the H2-P2X scenarios will have the same refurbishment rate
as the ELEC scenario. However, since the lower rate of adoption of heat pumps, it is expected that the
impact on the distribution system regarding the decrease of the electrical energy demand would be
lower than in the case of the ELEC scenario. Therefore, for the H2-P2X scenarios, an impact lower than
the ELEC scenario is expected in terms of increased electricity demand for building space heating.

The main technology options that characterise the H2-P2X scenarios are hydrogen, e-fuels, and fuel
cells. The production of hydrogen and e-fuels requires electric energy, and it could be considered as a
form of energy storage. However, centralised plants for converting electric energy into hydrogen and
e-fuels will not be connected to the distribution networks' final branches (Medium and Low voltage
networks). Economies of scale for producing hydrogen and e-fuels require large power plants that
impose their connection to the transmission or sub-transmission grids. In that case, the connection to
the distribution grid would be possible only to nodes at the highest voltages and close to substations.
Moreover, the typical configuration often proposed concerns plants for producing hydrogen e-fuels
would be characterised by internal energy generation (i.e. coupled internally with solar and wind
plants) [46], [74], [100]-[102]. However, future insight considering the technology developments and
the scalability potential of decentralised systems for hydrogen production with small scale
electrolysers require further investigation. More detailed scenarios that segment the hydrogen
production in large- and small-scale plats are required. Considering the large-scale production
predominant in the future, it is expected that the impact on the distribution system due to the large-
scale generation of hydrogen and e-fuels would be minor. Fuel cells for transport are not grid-
connected. Therefore, this technology option may indirectly impact the distribution system since it
competes with other grid-connected technology options (e.g. battery electric vehicles) as described
in Table 3-2 and Table 3-3. Estimating the impact of fuel cells requires information regarding the
actual local deployment potential compared to the other competing technology options. As discussed
for other technology options, local characteristics such as historical trends, availability of primary
resources, and social acceptance will influence the local adoption of hydrogen-based technologies.
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Table 4-5. Technology options analysis for the H2-P2X scenarios

Technology Factor Consequence Impact Compared to the other Compared to
option on scenarios the status quo
flexibility
need
ECV/BEV Electricity Flexibility Increase The lowest impact among | High impact.
demand Demand analysed scenarios (*10%
) [Reference:
increase Increase lower). )
Figure 4-18].
[Reference: Figure 4-18].
Increase of Compensation | Decrease | The lowestimpactamong | High impact
flexible of the analysed scenarios (*10% Conditional
technology flexibility lower). (Bl
options in needs, e.g. - [Reference:
the scenario | through smart [ugferenges Fiplie e 1) Figure 4-18].
harei
(Conditional) charging
Heat pumps Electricity Flexibility Increase %25% (ELEC), *10% (EE) ~35% higher in
demand demand lower in the residential the service
increase increase buildings. buildings
~10% (ELEC) lower and ~20% higher in
~10% (EE) higher in the the residential
service buildings. buildings.
[Reference Figure 4-17] [Reference
Figure 4-17]
Increase of Compensation | Decrease | =25% (ELEC), *10% (EE) x~35% higher in
flexible of the lower in the residential the service
technology flexibility buildings. buildings
optionsin | needs, e, ~10% (ELEC) lowerand | ~20% higher in
the scenario | through smart ’ ; . .
; ~10% (EE) higher in the the residential
. operation and . _— 1
(Conditional) additional service buildings. buildings.
heat-storage [Reference Figure 4-17] [Reference
(Conditional) Figure 4-17]
Building Decrease of Electricity Decrease | Same as ELEC, a smaller Lower
Refurbishment | the energy demand decrease than EE. renovation rate,
demand decrease . hence less
[Reference Figure 4-13] decrease.
[Reference

Figure 4-13]
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4.4.3 The EE scenario

Table 4-6 resumes the analysis of the relevant technology options for the EE scenario. Considering
battery electric vehicles, the EE scenario may impact the distribution system similar to the impact
related to the ELEC scenario. Due to the relevance of the energy efficiency measures in the EE scenario,
the energy demand of buildings is the lowest among the analysed scenarios. Therefore, considering
the share of electricity for heating buildings and the expected highest refurbishment rate for
buildings, it is expected that the EE scenario will produce a lower impact on the distribution system.
However, considering the status quo, this impact is not negligible and have to be considered at the
local level in quantitative analyses.
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Table 4-6. Technology options analysis for the EE scenario

Technology Factor Consequence Impact on Compared to the Compared to
option flexibility other scenarios  the status quo
need
Electricity Flexibility Demand | Increase Similar to the High impact.
demand increase | Increase ELEC scenario. Ref )
Higher than the 1[5 € ere:cleé
H2 scenario g i)
(»10% lower).
[Reference:
Figure 4-18].
ECV/BEV
Increase of Compensation of the Decrease Similar to the High impact
flexible flexibility needs, e.g. ELEC scenario. Conditional
technology through smart Higher than the (Lorgriziomel);
options in the charging H2 scenario [Reference:
scenario (»10% lower). Figure 4-18].
(Conditional) [Reference:
Figure 4-18].
Electricity Flexibility demand | Increase ~15% (ELEC) ~30% higher in
demand increase | increase lower, the service
~10% (H2) buildings
higher in the . .
residential Nhl 5% }_l:jghe_r 1ln
buildings. t € resi entia
buildings.
~20% (ELEC),
=10% (EE) lower | [Reference
in the service igure 4-17]
buildings.
[Reference Figure
4-17]
Heat Pumps
Increase of Compensation of the Decrease ~15% (ELEC) ~30% higher in
flexible flexibility needs, e.g. lower, the service
technology through smart ~10% (H2) buildings
options in the operation and higher in the - . .
scenario additional heat- residential ;Jessﬁs};(lliii;;ln
ildings.
(Conditional) storage buildings buildings.
o ~200
(Conditional) 20% (ELEQ), [Reference
~10% (EE) lower )
. . Figure 4-17]
in the service
buildings.
[Reference Figure
4-17]
Building Decrease of the Electricity demand | Decrease The highest Higher
Refurbishment | energy demand decrease decrease. renovation rate,

[Reference Figure
4-13]

hence. positive
impact.

[Reference
Figure 4-13]
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4.4.4 Concluding remarks on long-term scenario analysis

The increase of renewable generation at the household level is one of the relevant technology options
for the analysed scenarios. As already discussed in section 4.3, it is expected that renewable energy
generation at the household level will be characterised mainly by solar. However, considering the
generation technologies developed within each scenario, only power system-wide aggregated
information is available, as depicted in Figure 4-10 and Figure 4-11. The lack of information that split
the quota of solar installed capacity between the transmission and distribution system does not allow
further analysis of the expected impact of this technology option on the distribution system.

Among the relevant technology options, the development of CHP represents a source of flexibility for
the distribution system. The combined generation of heat and power allows reducing the electric
energy supply from the grid (especially for heating), and if adequately managed, provide flexibility to
the DSO. However, no detailed information is available regarding the differentiation of the
deployment level of these technology options in the analysed scenarios; therefore, this gap prevents
determining the expected impact on the distribution system related to these scenarios.

Similarly to CHP, building automation may represent a source of flexibility for the distribution system.
The deployment of building automation technology relieves the need for flexibility in the distribution
system. The promotion of building automation is expected for all analysed scenarios; however, no
information is available to distinguish among them. Even if some hypothesis related to the yearly
renovation rate of the building can be formulated, the lack of dedicated information does not allow to
devise reliable qualitative estimations.

Therefore, to estimate the impacts that the technology options have on the distribution system
according to the different decarbonising scenarios is of utmost interest to improve the information
available for scenarios proposed for the European Union in [2], particularly by estimating the quota
of solar generation expected to be connected in the distribution system, the deployment of CHP, and
the adoption of building automation technologies. It is recognised that reliable information on these
technology options can be available only at the local level; however, this is in line with the
requirement for moving from a high-level to quantitative estimation of the impact of the distribution
system.

In conclusion, the future scenarios based on electrification, like ELEC, will create the highest-burden
for the distribution system need of flexibility, while scenarios that are mainly based on energy
efficiency measures (like EE) or hydrogen (H2) and P2X technologies will determine a lower need for
flexibility in the power system. Figure 4-20 depicts qualitatively the impact generated to the
distribution system considering the three technology options as in Table 4-4, Table 4-5, and Table 4-
6, having as reference the current situation.
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Figure 4-20. Qualitative impact of the scenarios ELEC, H2-P2X, EE considering the
deployment of the relevant technology options with respect to the current situation
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5 Challenges and recommendations concerning the future
distribution system

The description of the EU long-term vision for climate and energy and the analysis of the long-term
national plans provided in section 2, besides the analysis of the technology options (in section 3) and
the analysis of the scenarios (in section 4), allow to puzzle out the main features that will characterise
the long-term backdrop of the future of the distribution system. Based on the analysis of the
information in previous chapters of this document, in this section, the main findings are highlighted,;
furthermore, challenges concerning the future distribution system are discussed and
recommendations to address these challenges are provided. This section focuses on the consequences
due to the deployment of the technology options, the required changes in planning and operation
practices, the adoption of mechanisms for flexibility procurement, the required changes in regulation,
and the business models of the main distribution system actors.

5.1 Discussion on the future deployment of the technology options

The information available on the analysed scenarios allows identifying the main technology options
and the related level of deployment. The analysis described in this report identified the technology
options to which carefully take into account (Table 3-4), how these technology options are
intertwined (Table 3-2), and how the deployment of the different policy perspectives for the energy
system of the future influence the technology option deployment and the related impact on the
distribution system (Table 4-4, Table 4-5, Table 4-6). The main findings, challenges, and
recommendations related to the future deployment of the technology options are resumed in Table
5-1.

Moreover, this activity allowed to identify the gaps in the scenario definition that have to be filled with
local information when the residual need for flexibility for the distribution system is appraised
quantitatively (e.g., the actual share of distributed generation, actual electricity demand, flexible
technology options already connected to the grid). In fact, since the characteristics of the distribution
system are highly dependent on the local conditions (e.g., regulation at country level, load and
generation type, capacity, and volume in the area of interest, the initial status of the network),
quantitative appraisals of the future need for flexibility require the availability of local
information [103]. The analysis of the impacts on the future distribution system requires identifying
the grid area under analysis (e.g, the actual level of stress, resources available, required
reinforcement), the technology options that will be adopted, and estimating the corresponding level
of deployment. Depending on their characteristics, the technology options can compensate for their
impact on the distribution system. The remaining residual need for flexibility has to be addressed by
locally promoting generation and demand flexibility. The relevance of the grid area and the context of
the need have also been highlighted in EUniversal D5.1 [103].

Overall, scenario analysis highlights that the main achievements in terms of increased energy
efficiency and reduced GHG emissions are achieved if the most inefficient segments are replaced with
more efficient and climate-friendly technologies. However, one solution does not fit all due to the
influence of the local conditions in terms of climate, actual status, policy goals, availability of
resources, and expertise. This statement gains particular evidence considering the technology options
that can be exploited for switching from fossil fuels to carbon-neutral energy vectors. For example,
the future scenario design requires considering the optimal heating and cooling supply option based
on the specific local circumstances, renewable resources availability, existing or feasible energy
infrastructures, existing or expected buildings characteristics, and the links with the other energy
systems. In some regions, heat pumps and the electrification of heating and cooling of buildings
represent the optimal solution. However, in some other regions, the use of renewables alone or in
hybrid systems and the development of decentralised district systems can represent the most
convenient option. In particular, despite the efficiency of district heating and cooling networks [2],
the realisation of such infrastructure requires considerable investments that make this technology
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option not everywhere viable. However, technology advancements that combine district heating and
cooling network with heat pumps and CHP could represent a game-changer in some local contexts.

The scenario analysis described in this document highlights that, compared to the current
situation, irrespective of the specific high-level scenario considered, the expected deployment
of distributed generation from renewables and the electrification of demand will determine
relevant impacts to the distribution system. The increased electricity generation from renewables
and the increased demand at the distribution level require special attention to maximise the potential
flexibility and reduce the overall net impact. Along with the electrification of the car stock and the
heating and cooling of buildings, monitoring and control systems able to communicate with the DSO
are needed. Estimating the flexibility required by a specific distribution grid depends on the network
capacity initially available, the expected changes in terms of load and generation peaks, and the
probability of occurrence of extreme events. Development plans based on scenarios exploiting mainly
energy efficiency, hydrogen, and e-fuel technology will have a lower impact on the distribution
systems. However, the analysis of all high-level scenarios reveals that the technology options based
on electrification have a level of development such that 2050 will be tremendously different from the
current situation. Therefore, the same recommendations made for the electrification-based scenario
preserve their validity. Hence, the smart energy system integration across sectors has to be pursued
as a primary goal in each decarbonised scenario.

Considering all scenarios described in section 4.3, in 2050, the European electricity generation mix
will be drastically different from now. The electrical energy will be generated by fossil fuels (natural
gas mainly) only for the share in the range between 1% and 5%. Renewables will produce more than
81% of the electricity; in particular, wind and solar will contribute to about 70% of the overall electric
energy production. Nuclear power plants will generate about 10% of the electrical energy produced
in 2050. Among renewable energy sources, wind power plants are the dominant technologies; in
2050, wind generation will represent 51-56% of the power production in all considered scenarios.
Solar grows up to 15-16% in 2050 in all scenarios, from 3% in 2015. The massive increase of the
electric energy produced using the solar source impacts the distribution system mainly for the quota
of solar generators of small size connected to the distribution grids; this quota is mainly related to
households and collectives [104]. Distributed wind power may be mainly adopted by micro and small
enterprises and collectives [104]. Therefore, to assess the impact on the future distribution system
considering the EU decarbonised scenarios, it is of utmost interest to determine the quota of the
renewable generation expected to be connected at the distribution system level. However, the
numerical value quota and the technology adopted can differ from site to site; therefore, dedicated
studies that consider the local conditions would fill that gap and estimate the share of
renewables connected to a specific distribution system area. Historical data and other
information coming from local policy objectives regulation can be used to define the breakdown of
the renewable capacity growth at the distribution system level [105].

Irrespective of the power system level at which the renewable generation is connected, the
production of the largest share of electric energy from renewables requires the adoption of storage
systems based on multiple technologies (e.g., pumped-hydro, stationary and mobile batteries,
hydrogen and e-fuels) and demand-side response programs, as pointed out in Figure 4-12. It is
expected that in 2050 the electrical energy yearly stored increases in all scenarios by about ten times
in comparison to 2015. Moreover, all analysed scenarios envisage, even if with different shares, the
electrification of the final consumers in the different sectors (e.g., residential, services, transport,
industry). Electrification is considered an effective measure to decarbonise sectors that largely use
fossil fuels. However, together with renewable electric energy generation, the electrification of final
energy uses represents another driver to develop storage technologies to supply inflexible loads.
Batteries based on chemical technologies are already well developed [2]; however, the future low-
carbon economy will require further technological and industrial improvements in the entire value
chain. Performance of batteries have to improve and, in parallel, the related costs have to reduce to
allow widespread adoption of this technology option in the distribution system. In addition to the
stationary storage, battery electric vehicles represent a relevant resource capable of providing
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energy and power flexibility to the power system, particularly at the distribution system level.
However, to foster the wide adoption of these vehicles, lower battery prices and advancements in
energy storage technologies are necessary. Moreover, the success of this technology option requires
also an accelerated roll-out of the charging infrastructure. Both the transmission and the distribution
network in the European Union require to be upgraded to ensure complete coverage of all transport
networks. Original technologies such as catenary lines and pantograph systems can also deliver
electricity to large and small vehicles (rail, tram, metro, trucks, cars). However, regarding the impacts
on the distribution system, the aspects of interest rely on the deployment of electric vehicles and plug-
in hybrid electric vehicles; hence, only light-duty vehicles that can be plugged into the distribution
grid.

Besides electrification, digitalisation represents an overarching trend in the EU; in fact, pursuing
digitalisation allows monitoring and controlling the energy processes by enabling the
management of the decentralised energy system. All the future decarbonised scenarios rely on the
benefits brought by the adoption of digitalisation in the different sectors. Therefore, to sustain the
consumption's electrification and the high share of distributed renewable generation, the distribution
system requires achieving a high level of digitalisation to enhance the observability and controllability
of the network infrastructure.

Furthermore, the electric power generation with renewables and the electrification of the final energy
demand require the better integration of the different sectors and the related infrastructures.
Sector integration allows maximising the exploitation of the available resources contributing to the
decarbonisation of the energy system. Additional research, innovation and demonstration are
required to understand the crisscrossed impacts among the different sectors and infrastructures. To
illustrate, the electrification of the car stock means coupling transportation with the electricity sector,
hence, coupling the people's mobility attitude with the electricity behaviour. Therefore, the
electrification of the car stock requires to be studied from a joint electric-transport perspective.
Moreover, the joint analysis allows to avoid stranded assets, unnecessary overdesign, and provides
comprehensive information for investments decisions.

Regarding specifically the building sector, all scenarios consider that the number of dwellings and
their average size will gradually increase [2]. Considering the future decarbonised scenarios, one of
the contact points between the building sector and the distribution system is represented by the
requirements for smart meters in households and buildings. The adoption of smart meters and the
investment in advanced metering infrastructure (AMI) are necessary conditions to enhance
the observability of the network infrastructure to face the decarbonised scenarios. Moreover,
smart meters' adoption also produces positive externalities such as increased consumers awareness
and the consequent energy savings. Furthermore, the adoption of smart meters jointly with smart
technologies empowered by ICT advancements enable new services and new business opportunities
related to the participants in the energy markets (i.e. aggregators that aggregate households for
providing system services to the grid allowing to household to achieve energy bill savings. The
availability of enhanced information on the electric energy exchange allows tuning up the aggregation
activities. Bid data management and household forecast services may also represent relevant
business opportunities enabled in the future distribution system).

Also, digitalisation represents the core technology for smart buildings. The adoption of building
automation technologies may require investments which breakeven point stays in the long run.
However, building automation leads to energy efficiency, optimisation of local electricity
consumption and generation, and reduction of CO; emissions. Moreover, smart buildings are a
source of flexibility for the distribution system since they could effectively adapt their operation
to the occupants' needs while pursuing optimal energy performances and interacting with energy
grids operation. Smart technologies contribute optimising the technical building systems’ operation
(e.g. heating and air-conditioning systems), maximising the use of renewable energy sources, and
participating in demand-side response programs. Smart technologies can potentially lead to
significant reductions in the space energy demand of heating & cooling. Smart buildings can
dynamically interact with the energy system, providing energy flexibility to the grid by managing
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demand and optimizing self-consumption. When available, on-site storage capacities (both stationary
and embedded in appliances and vehicles) can be integrated into the building management system
and can provide flexibility to the energy networks. Where smart charging capabilities are available,
the diffusion of smart buildings contributes to the uptake of electric (battery or plug-in hybrid)
vehicles. Active buildings, thus, represent a manageable part of the energy system that contribute to
enhanced flexibility. Nearly zero-energy buildings also have to be considered in assessing the impacts
of smart buildings on the distribution networks. The energy exchange of the nearly zero-energy
buildings represents a net load with a novel behaviour for the distribution system which has to be
adequately considered in the planning and operation stages.

Table 5-1 resumes the main challenges and recommendations for the distribution system to address
future long-term scenarios.

Table 5-1. Main challenges and recommendations for the distribution system concerning
addressing the future long-term scenarios

The main findings, challenges, and recommendations for the distribution system concerning
addressing the future long-term scenarios are:

e address the uncertainties related to the future scenarios also regarding local information
(e.g., load and generation type and capacity in the area of interest, technology option
deployment, the status of the network);

e recognise that “one solution does not fit all”, the local conditions are fundamental for
designing the optimal strategy to achieve the overall energy and climate goals;

e recognise that the future distribution system will be tremendously transformed compared to
the current situation, irrespective of the specific high-level scenario.

e unlock the potential of distributed energy storage, demand-side response programs, and
electrification of the mobility;

e address sector coupling achieving the optimal integration of different sectors and related
infrastructures;

e promote digitalisation to allow monitoring and controlling the energy processes by enabling
the decentralised management of the distribution system:

o by adopting smart meters and investing in advanced metering infrastructure (AMI)
as a necessary condition to enhance the observability of the network infrastructure;

o digitalisation and integration of smart buildings in the distribution system operation.

5.2 Discussion on the challenges of operation and planning of future
distribution networks

Operating and planning the future distribution system is subject to high uncertainties, mostly due to
the various possible scenarios up to 2050 and the various operational schemas that could be adopted
in the long term. As shown in section 4, out of the set of technology options, different long-term
scenarios up to 2050 contain various prominence of different technology options. The extremer
scenario paths are characterised by the expected technological evolution and maturity of given
technology options, such as battery technology or fuel cells.

The high-level analysis presented in chapter 4 shows the principal requirements for flexibility,
depending on the deployment and design of technology options in various long-term scenarios. A
quantitative analysis of the flexibility needs that sufficiently considers the local conditions is essential
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for distribution network planning. Likewise, regulators need quantitative analysis to shape efficient
regulations, enabling the cost-effective development of the sustainable energy system.

Various tools to support the quantitative assessment already exist, and other tools or models are
emerging. EUniversal D1.2 presented a characterisation of distribution network control and
management tools and technologies to enable the participation of DER in flexibility markets [106].
This characterisation is used as a reference frame in this section while projecting potential DSO needs
for operation and planning tools up to 2050.

The principal approach to select or develop models to plan future distribution networks, which
includes non-conventional expansion based on flexibility, is illustrated in Figure 5-1. Non-
conventional grid expansion, also referred to as non-wire alternatives, includes all expansion
technologies besides conventional transformer and conductor expansion. Some examples are the
secured adoption of load, generation and storage through the use of flexibility or curtailment,
regulating distribution transformers, dynamic line rating, advanced voltage control and dynamic
network configuration. Following the general procedure described in this section, the operation and
planning of future networks are treated consecutively in the following paragraphs. Finally,
recommendations on model or tool selection for long-term planning are provided in section 5.2.4. The
main findings, challenges, and recommendations related to the future distribution system operation
and planning are resumed in Table 5-3.

Figure 5-1. Illustration of the approach for quantitatively assessing the flexibility needs
in the distribution system

5.2.1 Long-term DSO operation needs, up and beyond 2030

To manage flexibility reliably and cost-effectively within the future operational procedures of the
DSO, the distribution system is shifting to an actively managed network [4], [9]. This paradigm shift
brings the need for increased system observability and system controllability as the foundational
elements of active distribution network operation. A further key element for active distribution
system management within large interconnected systems, such as the synchronous grid of continental
Europe, is the increased need for communication and coordination with existing and new system
actors.

Validation with simulation tools is usually addressed before testing or implementing new operation
procedures to the distribution grid. Such tools can commonly be found, both in the commercial sector
as well as within the scientific community. To select or design the simulation tool for the required
validation, the operational procedures satisfying future DSO needs must be identified.
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Particularly relevant for distribution system operation are new operational schemes for satisfying
existing and emerging DSO needs involving traditional practices and flexibility provision. In
D1.2, a set of grid and non-grid DSO needs and the respective services have been identified, as
reported in Table 5-2 [106].

Table 5-2. Grid DSO needs and respective services
Source: [106]

rsope e

Steady-state
Reactive power control
Voltage control management Dynamic
control

Active power management

Operational

Grid DSO needs | Congestion management

(CM) Short-term planning (D-1 to M-1)

Long-term planning (>M-1 to Y-1 or more)

Black Start for distribution island

Service restoration
Isolated/Islanding operation mode

Voltage sag mitigation FRT

Flexibility forecasting

Planning and predictive

Generation forecasting
management

Load forecasting

Non-grid DSO Observability of the
needs flexibility

Procurement mechanism

e [y — Visibility over available flexibility

Improved coordination
between SO

Beyond 2030, it can be expected that the services satisfying the presented needs are well integrated
into the operational DSO procedures. However, depending on the evolving scenario, some new DSO
needs could emerge others intensify in their relevance.

Inertial response

One example is the inertial response, which up to 2030 has been identified as a TSO need in D1.2
[106]. In low inertia power systems dominated by power electronics instead of rotating electric
machines, needs for inertial response can emerge, even on the distribution system level. Black-start
capability and island operation mode would require a physical behaviour and technical
implementation in the same scope as inertial reserve might be a flexibility support. Therefore,
technical implementation and standardisation should take the potential long-term need for inertial
reserve provision within the distribution system into account.

Digitalization of distribution systems

As Information and Communication Technology (ICT) is increasingly applied on all voltage levels of
the power systems, supporting ever more complex automation and coordination tasks, the design
process of such systems gets more multifactorial. Following the perspective of Systems Engineering,
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electric power systems are evolving from a massively interconnected, complicated system to a
complex system [107]. Therefore, the modern power system is defined as complex cyber-physical
power systems (CPPS) [108], [109]. Due to this evolution, the observability of the network state in
the distribution level can increase significantly, providing the basis for active network management.
Placing sensory equipment to measure the grid state strategically in the distribution network levels,
enables a great observability leap for relatively low cost, if combined with state estimation algorithms.

The digitalisation of grid monitoring and control and local market functionality can bring a higher
degree of flexibility [110]. This approach, to achieve a scalable ICT structure for Renewable Energy
Communities (REC), Citizen Energy Communities (CEC) or more general microgrids, is currently
based on common computer science technology in combination with Open Platform Communications
Unified Architecture (OPC UA) as the state-of-the-art industrial automation middleware that supports
interoperability in smart energy systems [109], [111], [112].

5.2.2 Long-term planning: DSO planning needs, up and beyond 2030

Long term planning with a time horizon up to 2050 needs to consider the input data based on the
respective scenario paths and the feasible operational models related to these. The long-term risks of
the scenario paths are significant, and therefore, planning with time horizon 2050 needs to identify
potentially emerging path-dependencies and lock-in effects early on. This will allow applying
countermeasures and reducing potential overinvestments resulting from high switching costs based
on technology lock-in on the time-scale of the planning horizon 2050.

Structural aspects of energy system scenarios

Energy system models often lack sufficient modelling of the distribution system, therefore providing
high uncertainties regarding the cost of DG integration at the distribution level. In energy system
planning, decentralization is often debated around societal, political and social issues, rather than
from the technical perspective. Therefore, it is important to define decentralization in a technical
context and introduce the degree of decentralization as a quantitative measure of
decentralization.

A high degree of decentralization is expressed by a high share of decentralized renewable energy
installations (e.g., onshore wind, roof-top PV, geothermal power plants) and a high spatial and
temporal correlation between local generation and consumption. A high degree of decentralization
can lead to higher energy system costs, mostly due to a higher need for storage and flexibility due to
the lack of inter-regional balancing of consumption and generation by power networks [113].
Comparing techno-economic model calculations, the system models with a higher degree of
decentralization frequently have a higher cost associated, though often only by a few per cent [114].
On the other hand, decentralized control models can also decrease local grid expansion needs, where
the regional distribution of renewable power generation is the main factor for variations in grid
expansion needs.

Another factor that influences the energy system scenarios is the scale of European inter-connectivity.
The degree of European interconnectivity can be defined as a function of the number and capacity of
interconnectors (i.e., inter-area) that connect the Member States and sometimes bidding zones. A high
degree of European interconnectivity allows for stronger integration of markets and a system-wide
cost-effective technology mix. The latter is mainly due to the lower need for (long-term) storage, such
as hydrogen caverns and gas turbines, though on a geographically wider scale. Besides the number
and capacity of interconnectors, the amount of energy exchanged is an important factor for energy
system scenarios to consider for total system welfare as well as geopolitical considerations. Such
considerations impact long-term distribution planning indirectly with potentially high impact.
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Long and medium-term load and generation forecasting

The knowledge of the electricity demand shape is essential for most applications and studies on the
power system regarding network operation and planning [115]. In general, to estimate the total load
demand or production in a given instant or forecast them in a specific time horizon is not sufficient
for network studies. The availability of time series is necessary to represent the impact of demand
coincidence and generation adequately-(load homotheticity), which causes voltage issues and
network congestions, especially at the medium-voltage (MV) and low voltage (LV) levels where DERs
are connected [115]. Therefore, the accuracy of load and generation forecasting is essential for
power systems operation and long-term planning; the reliable modelling of the energy
demand of single customers is crucial for accurately assessing the flexibility potentially
available. While the forecast quality is already relatively high on an aggregated level, forecasting for
disaggregated DER, for example, in the LV network of the distribution system, is very challenging. For
grid LV operation and especially for planning, the extreme conditions are the critical situations for
which the network configuration and operational plan has to be shaped. As the aggregated DER
behaviour on higher voltage levels aligns well with the forecasted load and generation curves, one
could argue that on lower voltage levels, the lower level of aggregation of the resources’ behaviour
makes crucial the forecasting quality to predict critical situations (e.g., peak-load, reverse power
flow).

Interoperability

One way to early account for the uncertainty regarding flexibility sources from technology options in
long term scenario paths is to ensure standardisation and interoperability of the flexibility
provision, irrespective of the technology option that provides it. Table 50 of D1.2 maps DSO Services
to DER that could support these services [106]. To account for some of the long-term risks, technology
options, and amongst them DER, should be designed or adapted to provide services to the DSO in a
unified and interoperable way. This reduces path dependency and lock-in effects as the technological
evolution progresses and technologies become mature.

Resiliency of active distribution networks and service restoration

Resilience has been and still is a key design criterion for power systems. One can even argue that the
societal value of power system resilience is increasing nowadays for two reasons. On the one hand,
our societies increasing dependency on information technology and automation makes the reliable
availability of the power system even more indispensable. On the other hand, the power system is
getting strongly coupled to other critical infrastructures such as gas supply, supply of heating and
cooling, and mobility. Furthermore, the expected increased frequency and intensity of extreme
wheatear events will lead to more frequent severe stress conditions for the distribution networks.
Therefore, resiliency requirements are of utmost relevance in the path towards the future distribution
system.

Decentralised systems that can be operated in islanded mode and re-connected with the overall
system at a given moment can support emergency operation and service restoration. However, the
costs associated with this security gain are not well researched [114]. However, such automatic
islanding and resynchronization and black-start support capabilities of islanded microgrids or
distribution systems are grid needs that could potentially become of high importance in the
long term. Long-term planning should account for such service provision needs as conventional
black-start procedures become increasingly uncertain due to the lower share of capable conventional
power plants at the transmission grid. Realistic large-scale networks that can consider local
emergency supply needs, such as for hospitals, or take other critical infrastructure and emergency
processes into account are especially promising.

As conventional risk management approaches, with large repositories of identified risks, are not
feasible in complex CPPS, a transition to a resilience management approach is suggested [108]. If the
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proposed resilience management approach is applied, implications on the grid expansion planning
process follow for the planning, procurement, installation and operation stages.

A given grid expansion technology option might increase overall resilience management capability as
itimproves adaptability (e.g.local voltage control or distribution grid automation systems). However,
the contribution to the resiliency management capability given by different expansion alternatives,
including conventional grid expansion, has to be considered in the planning stage. The complexity of
the evaluation calls for developing new methodologies and tools for distribution system planning.

5.2.3 Modelling the distribution system: realistic large-scale simulation and
planning models

Conventionally, mostly representative feeder networks have been used to validate results in
distribution operation and planning studies. Though real networks data, if available, or realistic
synthetic networks data, promise a much more concise validation process as well as additional
insights beyond the planning process. Due to the lack of available network data for the research
community or network regulators, sufficiently accurate synthetic Reference Network Models (RNM)
with realistic statistical representation are generated and used [116], [117]. Synthetically created
RNMs are called greenfield RNM, while RNM are generated as an alteration of an initial realistic large-
scale synthetic network are called brownfield RNM.

There is an increasing need for RNM and other network simulation models to integrate other energy
systems such as gas as well as heating and cooling networks. Moreover, due to the increasing interest
in sector coupling, as described in sections 2.1 and 3.1, the different infrastructures of the different
sectors need to be modelled jointly. Beyond 2030, ubiquitous computing in combination with Al or
IoT, in general, could also significantly impact distribution system operation.

Related to grid simulations, EUniversal Task 10.1 performed interviews with 11 DSOs on distribution
network planning. Findings show that most DSOs are working towards handling comprehensive
network data and the simulation of their networks using algorithms for power flow calculation and
optimal power flow calculation instead of resorting to empirical rules or simplified network
representation and parameter sensitivity monitoring. This trend will lead DSOs to have a digital
twin of the physical network and then to be able to simulate with high accuracy the network
behaviour.

5.2.4 Recommendations for long-term planning and operation

Long-term planning scenarios need to consider the decentralisation of the power system also
regarding monitoring and control practices. The decentralisation of these practices will lead to CAPEX
and OPEX for the ICT infrastructure needed to coordinate a highly decentralised system with very
high security of supply requirements.

Forecasting load, generation and flexibility becomes essential for distribution system operation
and consequently for planning. Therefore, continuous forecast and availability assessment of
resources is needed for cost-effective and resilient operation and planning in the future distribution
system.

Resilient active distribution network operation includes service restoration capabilities that
potentially allow automatic distribution system islanding, re-synchronisation, and black-start
support. Such dynamic capabilities are increasingly becoming relevant due to the likely higher
interconnectivity and complexity of actively managed distribution systems as well as the higher
likelihood to operate close to stability limits.

Consequently, this large amount of ICT in potentially emerging ubiquitous computing and coupling
with the [oT domain increases the attack surface in cyberspace and makes cybersecurity essential.

Page 90 of 122



UMEI

'|" =Universal

Realistic large-scale distribution system models, so-called RNMs, should be used to validate complex
active network operation and planning. For DSOs themselves, the use of digital twin technology for
distribution network simulation also seems increasingly promising.

Table 5-3 resumes the main challenges and recommendations concerning the operation and planning
of the future distribution system.

Table 5-3. Main challenges and recommendations concerning the operation and
planning of the future distribution system

The main challenges and recommendations concerning the operation and planning of the future
distribution system are:

e define operational procedures to satisfy the future DSO needs, define new operational
schemes that involve traditional practices and flexibility services (flexibility or curtailment,
regulated distribution transformers, dynamic line rating, advanced voltage control and
dynamic network configuration);

e improve the energy models: define decentralization in technical terms and introduce the
degree of decentralization as a quantitative measure, model the impact on the distribution
system of interconnections among different energy systems;

e enhance load and generation profiling: increase the temporal accuracy and spatial granularity
of load and generation forecast.

e ensure standardisation and interoperability of the flexibility provision;

e enhance the distribution system resiliency to enhance system restoration capabilities that
potentially allow automatic distribution system islanding, re-synchronisation, and black-start
support;

e obtain detailed representations of distribution networks to achieve digital twins of the
physical grid to enable high accuracy simulations and advanced asset management.

5.3 Discussion on the flexibility procurement mechanisms

As observed in section 4, all scenarios for the future distribution system concern developing
technology options able to provide system services to the DSO. Any mechanism for acquiring system
services shall aim for technology neutrality, as discussed in EUniversal Deliverable 5.1 [103].
Therefore, it is relevant to have in mind the principal characteristics of flexible resources. Due to the
great variety of resources that can support the power system by providing system services with their
flexibility, this section provides a brief and general description of the flexible resource characteristics.
Deliverable D3.1 "Flexibility Toolbox" describes the different technologies that could provide
flexibility in the distribution and transmission system, such as different storage technologies and
demand-side flexibility [118]. DSOs can use a wide range of mechanisms to acquire flexibility from
resources owned by other players of the distribution systems (e.g., distributed generators, prosumers,
customers, aggregators). The key mechanisms of interest of EUniversal have been identified in
EUniversal Deliverable 5.1 [103] and are summarized in Table 5-4. Not all possible mechanisms for
acquiring grid services have the same effectiveness if exploited in different grid contexts. Therefore,
the context of the need for system service has to be examined to identify the relevant attributes
and optimally design the flexibility procurement mechanism [103].

Through the mechanisms in Table 5-4, the DSOs can acquire system services from Flexibility Service
Providers (FSP). Market-based or regulated compensations for the flexibility provided are considered
in all mechanisms, except in the obligations-based ones, in which the DSO can use the flexibility of
resources without any compensation. However, this option would be the least preferred as it does not
provide incentives to minimise the overall system costs and the technology evolution towards more
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flexible resources. Bilateral contracts should be relegated to specific cases in which only one or few
potential providers are technically able to solve a particular DSO need.

Local flexibility markets could be complex to implement and operate, and the complexity of the
market procedure may represent a barrier to the participation of small FSPs. However, flexibility
markets should be preferred, unless the context makes them impossible due to liquidity or complexity
issues. Therefore, local characteristics have to be carefully assessed to ensure enough liquidity and
prevent market distortions before developing a local flexibility market. Local flexibility market is
generally a technological neutral solution to incentivise assets of different nature to compete to
provide grid services. Tailor-made solutions that can be adapted to the DSO needs and FSPs
characteristics. However, the implementation of these markets has many design elements and
challenges to be considered. Local flexibility markets may require complex coordination with existing
markets and different agents (e.g.,, TSO-DSOs, DSO-DSO, DSO-Aggregators). Different coordination
schemes are possible and they should be carefully chosen to keep a balance among different criteria
(e.g. gains on economic efficiency vs implementation costs). It is relevant to define the roles, functions,
and responsibilities of the different agents.

Dynamic network tariffs and connection agreements could incentivize small business and
residential customers to provide implicit flexibility since the lower complexity perceived by the final
electricity users, compared to the other alternatives. Efficient dynamic network tariffs should provide
short-term and long-term marginal costs signals and recover the rest of the network costs through
residual fixed network charges. By applying such tariffs, efficient economic signals are provided to
customers to reduce short-term and long-term network costs incentivizing the development and
efficient operation of new technologies such as distributed generation, demand flexibility, storage,
electric vehicles, etc. A mild approach could be to include some sort of time-of-use charges. These are
simpler to implement and provide more predictability for consumers. The trade-off is that they are
less accurate as they take real-time grid conditions less into account. Furthermore, price
differentiation can be applied at voltage levels within a zone or at national level.

Residual network costs should be allocated in a non-distortive manner to avoid interfering with
efficient price signals but to ensure cost recovery and economic sustainability of the electricity system
[103], [119]. Equity criterion should be considered to design the associated costs. There is no first
best option to allocate such costs, fixed charges based on income levels, contracted capacity at peak
and mid-peak hours or past energy consumption are options that fulfil the non-distortion and equity
criteria but have other implementation challenges.

The flexibility procurement mechanism has to be reliable, considering the local context, the adopted
mechanism has to be able to procure a sufficient amount of service for guaranteeing a secure
operation of the power system. In particular, it represents the certainty that the contracted FSPs
deliver the contracted service. Therefore, tailored customer engagement strategies are required.

[t is relevant to mention that the implementation of each mechanism (both regulated and market-
based) has costs that may vary depending on each specific realisation feature. For example, bilateral
contracts can contribute to price discovery (i.e. reducing information asymmetries) but require
negotiations between the DSO and FSP. Cost-based remuneration, once set, has low implementation
costs but, on the contrary, may entail higher costs related to the computation of the regulated prices.
Different functions have to be implemented for markets (e.g., market platforms with clearing and
settlement) so that implementation costs could be not negligible.

EUniversal Deliverable 5.1 [103] provides a detailed description of mechanisms for acquiring system
services and discusses peculiarities, pros, and cons. This discussion also focuses on implementing one
mechanism over another considering the local characteristics and the compliance with the policy
criteria is available.
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Table 5-4. Mechanisms for flexibility procurement Part 1/2. Source: [103]

Mechanism Definition

Flexible Flexible access and connection agreements are agreements between the system operator
access and and the FSPs in which the latter agrees to have the temporal changes in the available
connection connection capacity. Demand could be temporarily reduced during the periods of load
agreements peak demand, whereas generation could be curtailed to avoid network issues such as

congestions or voltage issues. This mechanism applies exclusively to new connections.
Flexible access and connection agreements is an implicit® procurement mechanism.

Dynamic Dynamic tariffs concern devising time (and locational) differentiated network tariffs,
network which can be adjusted to reflect the necessary temporal and spatial cost variations. The
tariffs grid users are incentivised to change their consumption and/or production according to

the grid operation and future network needs. Dynamic network tariffs is an implicit8
procurement mechanism.

Local Local flexibility markets include long-term and short-term pools in which offers are
flexibility received from FSPs. A long-term mechanism could be used in planning activities to
market procure flexibility by contracting long in advance the potential service providers. The

local market extension depends on the grid characteristics, i.e. the market area can
encompass only a portion of the distribution network. The size of the local market is site-
specific. The DSO will utilise flexibility based on its willingness to pay for it and the
available solutions and the type of flexibility product required. A local flexibility market
seeks to promote competition among flexibility providers. Local flexibility market is an
explicit? procurement mechanism.

Bilateral A bilateral contract is a binding agreement between two parties. In the context of system

contract services, one side is represented by the system operator while the other is the FSP. A
bilateral contract requires a negotiation process between the two parties. Unlike the
flexible connection mechanism, the bilateral contract mechanism is in general exploited
for existing connected resources and constrained situations. Bilateral contract is an
explicit? procurement mechanism.

8 Implicit (or price-based) mechanisms refer to the prosumers’ reaction to price signals. As implicit mechanisms
reflect the variability on the market and the network, prosumers can adapt their behaviour (through automation
or personal choices) to save on energy expenses by shifting their load and/or generation to periods with
low/high energy prices, or low grid prices [120], [121].

9 Explicit (or incentive-driven) mechanisms involve the provision of committed, dispatchable, flexibility that can
be traded on the different energy markets (wholesale, balancing, congestion management, etc.). Because this
type of flexibility is dispatchable, and can be tailored to the markets’ exact needs (size and timing), it may offer
specific added value for e.g. balancing and capacity management [122], [123], where the system flexibility
requirements are determined in advance [120], [121].
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Table 5-4. Mechanisms for flexibility procurement Part 2/2. Source: [103]

Mechanism Definition

Cost-based A cost-based mechanism deals with the remuneration of the flexibility provided by the

mechanism FSP based on the actual costs of providing the service. To illustrate, the cost-based
mechanism for flexibility can determine the price of the service provided according to the
opportunity cost of active power generation curtailment. The cost-based mechanism
requires an acknowledged audit process of the provider's costs and financial margin that
allows providers a return. Cost based is an implicit® procurement mechanism.

Obligation The obligation mechanism for flexibility provision defines the mandatory service
provision from the FSPs. The service requested by the system operator to the FSPs is not
remunerated, but instead, the FSPs are obliged to contribute with their flexibility.

Table 5-5 resumes the main challenges and recommendations concerning the mechanism for
procuring flexibility in the future distribution system.

Table 5-5. Main challenges and recommendations concerning the mechanism for
procuring flexibility in the future distribution system

The main challenges and recommendations concerning the development and adoption of the
mechanisms for procuring flexibility in the future distribution system are:

o Identification of the mechanism for procuring flexibility from connected resources that best
suits the distribution system needs context (discussed in Deliverable 5.1) [103].

e Fair distribution of the network tariffs among the users, new equilibrium between volume-
based and capacity-based tariffs (discussed in Deliverable 5.1) [103], [119].

e Develop mechanisms that engage enough customers to achieve adequate flexible capabilities.

5.4 Discussion on regulation for the future distribution system

As described in sections 2, 3, and 4, the growing connection of renewable generation to the
distribution system may produce significant network congestion and voltage problems [124].
Moreover, the possible growth of demand and the presence of new loads make grid planning more
challenging and uncertain [125]. Therefore, DSOs should quickly adopt innovative grid planning and
operation to address these challenges efficiently, using flexibility mechanisms [4], [126]. Resorting to
flexibility mechanisms that involve distributed generation, controllable demand, or storage may
support grid planning reducing investment needs and DER connection times [125].

Starting from the late 1980s, in Europe, the electricity market restructuring based on the
liberalization, unbundling, and liberalization concepts pushed the fragmentation of the electricity
sectors of the Member States [127]. However, the grid ownership and the system operation have been
considered to have natural monopoly characteristics [128]; therefore, regulated operators have been
instituted for the transmission (TSO) and distribution (DSO) systems. The role of each regulated
operator is to own and operate the power system to guarantee a reliable electricity supply and
universal network access to third parties [129]-[131]. The TSOs and DSOs have to guarantee
universal access to all third parties (generators, loads, storage facilities) at any point of the network
[130], [132]. The traditional control practices are mined by the reduced availability of large power
plants, the presence of Distributed Energy Resources (DERs) since the emergence of bidirectional
power, and the emergence of new loads [9], [133], [134]. Even if the connection of third-party
resources may be seen as a part of the problem since the introduced issues, these assets can
contribute to an efficient power system evolution if adequately managed.
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New control practices and new service providers are needed to ensure the support required; the
decentralization of operation and market processes encourages the exploitation of smaller generation
facilities and loads to solve local grid problems [135]. In this context, regulation needs to
experiment with innovative frameworks to address the changes driven by the energy transition
and allow the design of profitable business models for the relevant actors by enhancing societal
welfare and preserving consumer protection. The active participation of third-party resources,
which can be connected to either the TSO or the DSO level, may relieve contingencies, increase the
hosting capacity, and provide an effective way for improving the coordination between TSOs and
DSO0s [9], [136], [137]. In a liberalised electricity sector, new service provision capability investments
have to be encouraged, fostering competition among service providers [138]. The energy transition
requires the evolution of the mechanism for procuring system services; in this context, it is
fundamental to provide indirect economic stimulus to encourage third-party investments in
the most effective technologies and nodes [138].

Furthermore, regulation has to study the new roles and responsibilities that can be assigned to
the DSO to unlock the distribution system potential. The implementation of market-based flexibility
procurement requires, on one side the flexibility providers as sellers and on the other side the DSOs
as buyers. The current regulation considers DSOs as regulated neutral parties. Nevertheless, in the
market-based flexibility procurement, DSO may also play the role of the market operator. Therefore,
on the one hand, regulation needs to establish dedicated procedures to enable flexibility providers to
offer generation capacity or controllable demand, and, on the other hand, to allow and incentivize the
DSOs to procure and use these flexibility for system services in a cost-effective way.

Regulation has to design regulatory frameworks to enable local procurement of system services
in which grid expansion competes with flexible resources on a level playing field. Implementing
flexibility mechanisms calls for innovative network planning and operation practices that require
novel organizational models and determine new cost structures for the DSOs [125]. However, since
the novelty of the topic and the uncertainty related to the future flexibility needs, National Regulatory
Authorities (NRAs) require tools to assess how these innovations will evolve and impact power
systems, the electricity market, and society. Moreover, DSOs have to be supported by defining
effective technical and economic strategies to address future scenarios. Deliverable D10.1 of the
EUniversal project examines the current practice and future target model of distribution network
planning, focusing on the trade-off between flexibility and traditional network investments.

The Clean Energy Package, in Directive 2019/944, established that DSOs should be incentivized to
procure flexibility for system services instead of resorting to traditional grid expansion if more
economically efficient [139]. Moreover, flexibility should be procured whenever possible using
market-based mechanisms and standard products. Therefore, DSOs and NRAs should unlock the use
of flexibility in the short term [125]. The DSOs network development plans shall include demand
response, energy efficiency, energy storage, or other resources as an alternative to system expansion
[139].

The key points of interest for regulation innovation to fully enable the future role of the DSO are [140]:

the promotion of the implementation of smart metering and smart grid infrastructures,

the definition of clear price signals to guide the end-user behaviour,

the definition of a regulation that incentivizes the active distribution system management,
the definition of a clear regulation for data collection, management, sharing rules, and
consumer privacy,

the definition of clear rules for the TSO-DSO coordination,

e the definition of the framework that defines the procurement of system services from third
parties.

Regulation has to consider the new activities, responsibilities, charges, and opportunities that
characterise the DSO role in the future distribution system. Therefore, an updated regulatory
framework for remuneration of CAPEX and OPEX that consider the exploitation of flexibility from
third party owned resources is also required [140], [141].
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Addressing the challenges related to the future decarbonised scenario requires testing new services
and products that are not yet stipulated or permitted under the existing regulation. Procuring system
service from resources connected to the distribution system that third parties own is a novelty for the
power system. Therefore, designing and implementing local flexibility mechanisms for DSOs is
pioneering and requires regulatory experimentation to explore all possibilities, local conditions, and
assess strengths and weaknesses. It is expected that the use of regulatory experimentation may help
the NRA and DSOs to obtain evidence that helps the elaboration of the regulations needed for the
implementation of the future flexibility mechanisms.

In general, regulatory experimentation is based on pilot projects, regulatory projects, and regulatory
sandboxes. Pilot projects are the most common form of experimentation of DSOs in Europe, according
to the latest report of the Joint Research Centre (JRC) - the European Commission's science and
knowledge service [142]. Regulatory projects, in general at the country level, promote initiatives for
the deployment of specific technologies. Similarly to pilot projects, the regulatory sandbox occurs in
specific areas (e.g. a specific network area of the distribution system). The regulatory sandboxes are
established under the cooperation of the market operator, the regulator, and the DSO. Recently,
several countries created “safe spaces” or “sandboxes” (i.e. an “area” within a system or market in
which a different regulation applies for a certain period) [125].

Regulatory sandboxes are instruments of legislation to experiment with innovative business models
or technologies, which, under normal conditions, would be hindered by legal or regulatory barriers
[143]. They provide an experimental environment to foster innovation and business model
development. This can be achieved by granting stable conditions for a limited time (and often limited
geography) by opening, repealing, or disabling rules and regulations or by keeping existing regulation
and compensating the participants. In this way, new products can be developed in a real-world
environment without applying some of the usual rules and regulations. As shown in Table 5-6,
regulatory sandboxes have been introduced to promote entrepreneurship and innovation within
several economic segments while keeping consumer protection and regulatory oversight [125].
Successful results have been achieved concerning the promotion of innovation [144]. However,
concerns related to the adoption of sandboxes could be related to the riskier decisions taken by the
companies and the allocation of economic privileges to specific firms [145]. Regulatory sandboxes
will also be studied in detail in deliverable D10.2 of the EUniversal project.

Regulatory experimentation and the adoption of regulatory sandboxes are seen as useful means to
address the relevant issue of distribution networks in a decarbonised scenario. The main challenges
to be addressed regard market integration, distribution network planning, flexibility remuneration,
and TSO-DSO coordination.

The Clean Energy Package encourages the integration of flexibility markets for DSOs in the current
European electricity market architecture. The development of a new European Network Code on
flexibility is currently under discussion.

Specific regulations for distribution network planning and operation still have to be defined for
effectively unlocking the flexibility from third-party resources.

The current TSO-DSO coordination scheme needs to evolve to include other market players (e.g.
aggregators). Moreover, real-time information exchange is required to coordinate TSO-DSO flexibility
acquisitions by maximising the economic efficiency and avoiding conflicts in FSPs activations [146].
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Table 5-6. Relevant aspects of regulatory sandbox experiences in Europe
Source: [125]

Country Sandbox legislation Experiences

United Yes Peer-to-peer energy marketing, new rate schemes, energy
Kingdom generation and marketing schemes, self-generation
Germany No, demo projects with

Flexibility in distribution (use of renewable generation, storage

flexibility compensation . . : :
Y P to relieve congestion and avoid new investments).

mechanisms are used

Netherlands Yes DC transmission networks, flexible rates, regulatory
transmission, self-generation and storage changes

Italy No, but similar Smart Grid, storage, technical management of electricity
approximation transport limits, electric vehicle chargers, smart metering,
"regulatory projects” flexibility and demand management
France Aimed at specific articles of the energy and climate law, but
open to any proposal in that field. Focuses on experimentation
Yes in T&D networks, storage and gas and DER uses. Four years,

renewable for another period under the same conditions. The
regulator (CRE) is in charge of experimentation.

Moreover, to foster the power system transformation, political drivers, such as the Clean Energy for
All Europeans package, require TSOs and DSOs to regularly submit a transparent development plan
in which innovative assets and services will be used for unlocking the system flexibility to maximise
the use of the existing infrastructures [147]. In these development plans, flexibility (e.g. generation
management, demand-side management, system reconfiguration) have to compete with traditional
network reinforcement (substation and line construction or upgrading). Therefore, reliable
approaches for project appraisal able to compare the different measures is of interest [6], [148], [149].
Decision-making support tools able to handle the wide range of impacts determined by the
smart grid initiatives are required. These tools are able to consider heterogeneous and conflicting
criteria in which tangible and intangible impacts can be simultaneously evaluated.

Traditionally, distribution planning relies on economic-based tools (i.e., Cost-Benefit Analysis - CBA)
that require converting all project impacts in monetary terms. CBA is an acknowledged tool for
considering costs and benefits that can be directly monetised. In contrast, the appraisal of projects
showing broad effects and non-negligible intangible impacts shows some underlying shortcomings
related to quantifying, monetising, and discounting the impacts [150]-[152]. This is the case of the
future distribution systems since the novel features and services will influence customers' daily
habits; therefore, the entire society.

In Europe, several guidelines promote multi-criteria assessment frameworks for smart grid projects
[153]-[156]. Multi-Criteria Analysis (MCA) is an operation research tool for complex decision making
that supports the decision-makers in identifying the best option among a set [157], [158]. MCA allows
considering heterogeneous and conflicting criteria: tangible and intangible impact can be
simultaneously evaluated. Unlike CBA, MCA does not require monetising all the assessed impacts.
Nevertheless, MCA and CBA are not conflicting tools; appraisal approaches that combine MCA and
CBA are promoted for the electricity and gas sectors [152], [153], [159], [160] and in the literature
[150], [161]-[169]. In the future distribution system, hybrid monetary non-monetary assessment
approaches may be of interest to support DSOs and regulatory bodies in the planning processes.

Table 5-7 resumes the main challenges and recommendations concerning regulation of the future
distribution system.
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Table 5-7. Main challenges and recommendations concerning regulation of future
distribution system

The main challenges and recommendations concerning regulation of the future distribution
system are listed in the following.

e Regulation needs to experiment with innovative frameworks to address the changes
driven by the energy transition and allow the design of profitable business models for the
relevant actors by enhancing societal welfare and preserving consumer protection.

e Regulation has to design frameworks that encourage third-party investments in the most
effective technologies and nodes.

e Regulation has to study the new roles and responsibilities that can be assigned to the DSO
to unlock the distribution system potential.

e Regulation has to design frameworks to enable local procurement of system services in
which grid expansion competes with flexible resources on a level playing field.

e Regulation has to adopt decision-making support tools able to handle the wide range of
impacts determined by the smart grid initiatives. These tools are able to consider
heterogeneous and conflicting criteria in which tangible and intangible impacts can be
simultaneously evaluated.

5.5 Discussion on business models for DSO, aggregators, and FSPs

Discussion on business models for DSOs

The role played by the DSO is characterised by the corresponding responsibilities for ensuring the
security and quality of the electricity supply and the requirement to guarantee universal access to the
grid to the other actors of the electricity sector. The generation of electrical energy, the retail supply,
and ancillary services provision (frequency, non-frequency, and congestion management) are
typically considered liberalised activities; while, grid ownership and system operation are considered
natural monopolies [128]. Therefore, DSOs are typically regulated bodies that operate the power
system to guarantee a reliable electricity supply and universal network access [129]-[131]. In the
decarbonized scenarios, different business models can be considered for the liberalized distribution
system operation.

Under the current regulation, the distribution system operation is assigned to a unique entity; each
DSO is the only entity responsible for the distribution system in a specific area. Considering the DSO
peculiarities, its business model is strongly influenced by the assigned responsibilities and the
boundaries for its role concerning electricity supply security, reliability, and quality. To
illustrate, the business models related to a framework in which DSO owns and operates the grid could
be different from those related to a framework in which the grid ownership and the grid operation
are assigned to different entities (e.g., like in the scenarios in which the TSO owns the transmission
grid that is operated by an Independent System Operator - ISO; or the cases in which the CEC owns
the local network) [170]. Furthermore, due to the emergence of the local markets for the local
procurement of flexibility, the role of the market operation could be covered by the DSO; however,
this role could also be covered by an independent market operator [120], [171]-[173]. Additionally,
the local energy manager's role could also be covered by the DSO if local energy communities are
adopted [173]-[175].

Figure 5-2 depicts the evolution of the power system structure schematically. The blue circles
represent the main actors of the power system, the label in yellow represent the categories that
belong to the actor “final user”; the arrows represent the active power flows. As illustrated in Figure
5-2, the future power system structure from the DSO perspective will be different from the traditional
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one. Due to the emergence of distributed generation and storage systems, the electricity flows in the
distribution grids became bidirectional; hence, the DSO will play an active central role in the future
electricity system operation and planning.

Traditional power system structure Future power system structure
I
Consumers 2 Consumers
Producers
Prosumers

Storage

Producers
Prosumers
Storage

Figure 5-2. Illustrative schema of the ongoing evolution of the power system structure
Adapted from: [140]

The conventional role of the DSO is characterized by [140]:

The universal network access to be guaranteed the distributed resources,
Planning, maintenance, and management of networks,

The management of supply outages;

Energy billing (only if vertically integrated);

The additional activities of the DSO emerging due to the energy transition and that will be crucial in
the future distribution grid are [140]:

Peak load management;

Network congestion management;
Reactive power support provision to TSOs;
Voltage support procurement;

Technical validation of the power market.

Therefore, several values propositions can characterize the role of the DSO in future decarbonized
scenarios. Indeed, DSO would have to ensure the power supply security and quality and universal
network access, but could also have to procure flexibility from FSPs. The exploitation of local FSPs
requires the DSO to operate the local active distribution system addressing peak shaving, dispatching
single or aggregated resources to avoid congestion and voltage problems, procure power generation
capacity, and coordinate with the TSO for ensuring the expected behaviour of the TSO/DSO interfaces
[4], [9]. Moreover, dedicated TSO-DSO coordination is required when the TSO directly accesses the
DER to avoid any constraint violation in the DSO grid [120].

The key resources of the future DSO business model are [140]:

the enhanced observability and controllability of the distribution network;

upgrade the network assets to handle reverse power flows adequately;

the availability of active network devices (e.g., OLTC transformers, static var compensators);
the availability of advanced data acquisition and communication infrastructures and
protocols;
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e the availability of software for enhancing the distribution network management.

The DSO business model has to include clear communication with the network customers (e.g.,
aggregators, FSPs), since a solid relationship based on trust, quality, and commitment between the
two entities would represent a crucial added value. For example, developing effective DSO-FSP
coordination allows FSPs to optimally schedule their activities, considering the network flexibility
needs optimally.

Discussion on business models for aggregators

Depending on the adopted procurement mechanism in flexibility markets involving the resources
connected to the distribution system [176], [177]. The aggregator is an emerging actor in energy
systems; the aggregator is an agent who offers services to aggregate energy production and
consumption from different sources (generators, loads, storage) and acts toward the grid as one entity
[178]. The aggregator role can also assume the role of facilitator for the participation in the demand
side response programs [178]. Although the role of the aggregator is distinct from the grid operator
and retailer role, it can be addressed by the same entity that acts as a retailer or a distribution system
operator [179]. The definition of business models for aggregator is investigated in literature [170],
[173], [176], [180]-[182]. The key resources that characterise the aggregator business model include
[177], [182]:

e Energy storage systems;

e Dispatchable loads (e.g., heat pumps, electric vehicles);
e Wind power plants;

e PV power plants;

e Hydropower plants;

e (CHP;

e Biogas plants;

o Utility grids.

The aggregator manages the aggregated resources pursuing essentially three key activities that differ
both from the technical and the business perspective [182]:

e Demand response: industrial and residential loads;
e Distributed generation portfolio management (e.g., Wind, PV, Biogas, Hydro, CHP)
e Storage systems management.

The aggregators use an IT system to control the distributed resources and optimise their
operation remotely. The aggregators can provide several system services to the TSO and the DSO
[177], [182]:

e Load shifting. Aggregators can enable load shifting to provide demand-side management
service to TSOs and DSOs.

e Balancing services. Aggregators can provide a range of frequency ancillary services and
mitigate the daily load and generation ramp behaviour.

e Local flexibility to DSOs. Aggregators can provide flexibility to the DSOs (congestion
management, voltage control, grid losses reduction) and participate in the local market for
flexibility, if in place.

Investments in transmission and distribution grid reinforcements could also be minimized thanks to
the aggregators providing demand-side management and load shifting [177].

Since aggregators bundle distributed resources to engage as a single entity in power or service
procurement and provision, the customer segment of the aggregator is represented by DSOs, TSOs,
and owners of the aggregated resources [182]. Moreover, aggregators can potentially participate in
the different wholesale electricity markets: intraday, day-ahead and futures markets (monthly,
quarterly and yearly futures markets) [182]. In any case, aggregators’ business models have to be
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based on a reliable estimation of the value of the flexibility provided. Since the novelty of the
topic and the lack of historical data, obtain a reliable estimation represents a challenging task.

However, the actual conditions that would occur depending on the scenario characteristics and
regulatory framework will define opportunities and boundaries for aggregators' business. Therefore,
the scenario characteristics will influence the features of the business models that will be adopted.
Currently, demand response in the industry and tertiary sector is becoming relevant across Europe,
whereas in households, it is not yet developed on a large scale [182]. The success of the aggregation
of household resources requires automation for controlling the electricity exchange due to appliances,
heating and cooling systems, generators [182]. Moreover, the availability of controllable resources
depends on the type and the level of development achieved by the different technology options [182].
To illustrate, the flexible capacity available for an aggregator would change between scenarios based
on heat pumps and high-temperature heating and cooling networks. For the success of the
aggregators’ business models, they have to consider as a key partner the DSO, a transparent
relationship with the DSO would help portfolio management, hence increase the business model
profitability.

The existence of the aggregator in the future power distribution system depends on the fulfilment of
several technical and regulatory requirements [177]. The deployment of these technical and
regulatory requirements will influence the success of their business model.

Technical requirements for the emergence of aggregators are [177]:

o the high observability (e.g. smart metering) and controllability of the distributed resources;
e accurate data for weather and wholesale prices forecast, load projections;

e the availability of software for generation and demand forecast;

e optimization algorithms and portfolio management;

e reliable and fast communication infrastructure and protocols.

The regulatory requirements for the emergence of aggregators are [177]:

the participation in wholesale energy and ancillary service markets,

the introduction of regulation to provide system services to the central/local grids,

the promotion of the implementation of smart metering and smart grid infrastructures,
the establishment of local markets for system services,

the definition of data management and sharing rules,

the definition of standardized methodologies to compute dynamic prices,

the definition of standardized procedures and products for retail markets,

the definition of clear roles and responsibility among market parties,

the elimination of entry barriers and the full liberalization of markets.

In addition to system services, aggregators can provide to DSOs relevant information regarding the
distributed resources increasing the common knowledge regarding demand and generation
forecasting [177]. On the other hand, DSOs should ensure a level-playing field for all flexibility
providers, securely share consumer and grid-related data [177]. Moreover, aggregators may help
decrease the marginal cost of power since contingencies allow the use of flexible resources that cost
less than the dispatching of additional power plants [177].

This section highlights how the role and business model of aggregators will depend on the
technological and regulatory scenario that will occur. Deliverable D2.2 of EUniversal describes the
use cases and roles and responsibilities of the different actors for the EUniversal demos. In addition,
in EUniversal D10.1, a business model canvas analysis is performed on the different demo projects.

Discussion on business models for FSPs

Regarding FSPs, the actual business model will depend on the flexibility procurement mechanism
adopted (e.g. obligation, network tariffs, connection agreements, or market-based procedures) [103].
To illustrate, FSPs participating in a local flexibility market based on auctions and FSPs that provide

Page 101 of 122



" =Universal

UMEI

flexibility by participating in a demand response program based on dynamic pricing will exploit a
different business model [183]. The business model based on FSPs participating in the local auction
market may have the objective of maximising their profits. At the same time, the FSPs involved in
using dynamic tariffs may rely on business models that maximise the energy bill savings. In both cases,
the FSPs maximises the revenue due to the flexibility provision; however, the strategy adopted is
different. In general, the FSPs (e.g., consumers, prosumers, and aggregators) can be considered
market players who typically participate in the electricity market to maximise their revenues or
savings. Generally, the FSP’s business model has to generate enough revenue to cover the
investment and operational costs that occur due to the provision of the system service. These
costs correspond to the investment and operation & maintenance costs required for enabling the
flexibility provision (flexible resource, control system, ICT infrastructure for flexible devices, software
license), the costs of providing the flexibility (internal power losses, comfort losses, opportunity cost
corresponding to the core business losses), and, eventually the profits. As in the case of the aggregator,
the business models have to be based on a reliable estimation of the value of the flexibility
provided. Furthermore, the novelty of the topic and the lack of historical data make obtaining a
reliable estimation a challenging task. However, it is worth noting that FSPs could also be motivated
to provide flexibility to the power system to contribute to the energy transition, secure the operation
of the network, and the local community. In that case, the profits for the flexibility provision are not
monetarily remunerated but through externalities such as the positive return of image.

Whatever the adopted flexibility mechanism, flexibility’s exploitation involves incurring certain
unavoidable costs for system management (e.g. Distribution Management System at grid level or the
home management system at building level), the engagement of the owner of the energy resources,
investments in ICT [183]. Moreover, the FSP could have to invest for being capable to provide the
system service (i.e. purchasing of control and monitoring equipment, smart meter upgrade). This
investment cost could be charged to the network customer who owns the flexible resource depending
on the regulatory framework in force and the commercial agreements. Moreover, if the provision of
the system services is remunerated or compensated, there is a transfer from the DSO (the service
buyer) to the FSP (the service provider). The payments from the DSO to the FSP are a monetary benefit
for the FSP but represent a monetary cost for the DSO. If these transfers are not balanced, the
flexibility procurement could become less economically viable for the DSO, or the provision of
flexibility could be seen as not enough appealing for the FSP. Therefore, it is of utmost interest to
determine the equilibrium between the DSO and the FSP perspective. The actual price assigned to the
flexibility for the transfers between the DSO and the FSP has to be profitable for both the actors and
pursue the highest economic efficiency. A market-based system using market prices could lead to the
optimal allocation of flexibility and bring liquidity to those purposes (congestion management,
balancing, portfolio optimization or retaining them for the use of the provider) where they have the
greatest economic value. That is the whole purpose of flexibility markets design or other mechanisms
that try to imitate market results.

As in aggregators’ business model, the FSPs business models have to consider as a key partner the
DSO, since a transparent relationship with the DSO would help the internal process, hence increasing
the business model profitability.

The optimisation of the FSPs processes and the profitability of the service provided to the distribution
system depend on the weather forecast accuracy, load projections, optimization algorithms, and
portfolio management. However, these activities would represent very demanding tasks for the
single FSP. Therefore, the business model design has to carefully define the equilibrium point between
the related costs and the potential revenue to guarantee profitability depending on the FSP type
(business or residential), the core business of the FSPs, and the expectation from the flexibility
provision.

Table 5-8 resumes the main challenges and recommendations concerning the business models of
DSOs, aggregators, and FSPs in the future distribution system.
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Table 5-8. Main challenges and recommendations concerning the business models of
DSOs, aggregators, and FSPs in the future distribution system

Main challenges and recommendations concerning the business models of DSOs, aggregators, and
FSPs in the future distribution system are listed below.

e In general, the business model design will depend on the evolution of the regulatory
framework.

e DSOs have to tailor their business model according to the roles covered and the
corresponding responsibilities. Moreover, the business model design has to consider the
flexibility procurement mechanism, the products available and the service to be acquired.
A unique business model that fits all circumstances does not exist.

e The DSO business model has to include clear communication with the network customers
(aggregators, FSPs), it would represent a crucial added value. For example, developing
effective DSO-FSP coordination allows FSPs to optimally schedule their activities,
considering the network flexibility needs optimally.

o The aggregators’ and FSPs’ business models may have to tackle the costs required for the
observability and controllability of the resources.

o The aggregators’ and FSPs’ business models have to be based on a reliable estimation of
the value of the flexibility provided.

e The aggregators’ and FSPs’ business models have to include clear communication with the
DSO.

e The aggregators’ and FSPs’ business models have to consider as key resources weather
and wholesale forecast, load projections, optimization algorithms and portfolio
management.
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6 Conclusions

The ongoing energy transition is already affecting the electricity system; however, fundamental
changes are imperative in the near future to be able to comply with the EU GHG emission objectives
to be achieved in the long term. Policy drivers such as renewable sources, decentralisation of
electricity generation, and electrification of the energy demand will require fundamental changes to
the distribution system. Technology development such as digitalisation allows distribution network
customers to become active participants who interact with the electric power system. Consumers
with distributed energy resources can provide electricity back to the network by installing distributed
generation and storage technologies, including electric vehicles. If adequately managed, these
technologies can provide a wide range of system services and support grid planning and operation.

The present deliverable contributes to the ongoing transformation of the electricity system analysing
the future EU vision from the distribution system perspective, reviewing long term national energy
and climate plans of six target countries (Germany, Spain, Belgium, Portugal, Poland), identifying the
technology options that will be responsible for unprecedent changes on the distribution system, and
assessing the expected future scenario to understand the flexibility needs of the future distribution
system. The activities described in this deliverable highlight challenges and opportunities to provide
insights and recommendations from the technical, regulatory, and market perspectives to contribute
to the evolution of the distribution system from now to 2050 and beyond.

This document presents high-level analyses considering the impacts to the distribution system at the
system level, hence, irrespective of specific local conditions (e.g., regulation, the actual level of
deployment of the technology options, the status of the grid). This analysis represents a top-down
approach for identifying the distribution system needs in the long term. The aim is to identify the main
aspects that have to be considered in the bottom-up quantitative approach for estimating the
flexibility needs of a specific network; which, requires detailed information regarding the context and
the knowledge of the grid.

This deliverable provides a long-term vision for technologies, particularly utility-scale and distributed
renewable generation, storage, electric vehicles, and smart grid developments, for the EU target
countries. The challenges and opportunities for system and network operators are identified under
current regulatory frameworks and market rules to characterise future flexibility needs. The
contributions of the present deliverable are:

e the analysis of the long-term European strategy for a carbon-neutral society (section 2.1),

o the definition of the main technology options and formalisation of a unified list (Section 2.3),

e the analysis of the long-term climate plans of the EUniversal project target countries
(Germany, Spain, Belgium, Portugal, Poland) and the mapping with the technology option
defined (Table 2-9),

e the identification of the technology options which can impact the distribution system (Table
3-4)

e the analysis of the high-level EU scenarios for 2050 to identify the deployment level expected
for the technology options (section 4.3.1),

e the high-level appraisal of the impact that each scenario would have on the distribution
system (section 4.4),

e the discussion on findings, challenges, and recommendations regarding technology options
deployment, planning and operation practices, regulation for the future distribution system,
business models for the actors of the future distribution system (section 5).

Analysis of the long-term vision for a carbon-neutral EU in 2050 and the long-term national
plans for energy and climate

Since the transition that the electricity system is experiencing is driven by high-level policy goals, this
deliverable firstly describes the long-term vision for a carbon-neutral EU in 2050. The European
strategy is based on seven main action blocks: energy efficiency, deployment of renewables,
sustainable mobility, circular economy, interconnection of infrastructures, carbon capture storage
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technologies, bio-economy and carbon sinks. Not all these action blocks directly impact the
distribution system; however, the actions are intertwined, and therefore, their indirect impacts on the
distribution system are investigated. The analysis of the National Energy and Climate Plans of target
countries included in the EUniversal project (Belgium, Germany, Poland, Portugal and Spain) allows
to identify policies and technologies expected in the future European electricity system. The most
relevant technologies to achieve the national climate goals for each target country are identified for
the transportation, buildings, and energy sector.

Based on scientific literature, the univocal definition of each technology option is provided to ease the
communication on the related concepts and harmonise the terminology used in the different national
plans, since among the national plans often the same technology option is described with different
terms. One of the plan analysis contributions is mapping the national plans with the proposed
definition of the technology options. Moreover, the condensed representation of the five national
plans allowed to pick out similarities and differences in terms of the technology options that are
expected to be adopted in the future energy system. Historical and geographical (and then climate)
peculiarities influence the adoption of the technology options in the different plans. Several
technology options will be developed in all countries (e.g., battery electric vehicles, heat pumps,
energy efficiency measures for buildings, renewable at the household level, energy storage systems).
Contrariwise, other technology options are crucial only for some of the national energy plans (e.g.,
large renewable power plants, CHP, biomass, heating and cooling networks). It is evident that, among
the Member States, one solution does not fit all to achieve the policy and climate goals.

The vision for a carbon-neutral EU in 2050 and the relevant national energy and climate plans for the
target countries are discussed in chapter 2: The long-term vision for a carbon-neutral EU in 2050.

Analysis of the technology options considering their impact on the distribution system

The technology options are assessed individually to point out the potential impact on the distribution
system. The proposed high-level analysis considers the impacts to the distribution system at the
system level, itis, therefore, scenario and grid agnostic. This analysis aims to identify the main aspects
that have to be considered in quantitative estimations of the flexibility needs, which, in turn, requires
detailed information regarding the context (e.g. regulation, scenario) and the knowledge of the grid
(e.g., the status of the network, zonal load and generation type and capacity).

The criteria adopted to identify the relevant technology options are the connection to the distribution
grid, the asset typology (load, generator, or both), the capability to generate bidirectional electric
power flows, the ability to provide short-term flexibility. The corresponding impact on the
distribution system is then classified considering two attributes that describe if the technology option
affects the planning stage, the operation stage, or both, and if the impact is direct (i.e. it concerns
connected resources) or indirect (i.e., the technology option affects the distribution system through
the effects caused by synergic or competing technology options). The outcome of this assessment is a
subset of technology options that can impact the future distribution system. However, to estimate
each technology option's impact on the distribution system, the characteristics of the expected future
scenario have to be considered since they define the level of deployment expected for each technology
option. The analysis of the most relevant future scenarios is performed concerning the level of
development expected for each technology option in the different scenario paths.

The analysis of the relevant technology options is discussed in chapter 3: Analysis of the technology
options considering the impact on the distribution system.

Analysis of the flexibility needs in long-term scenarios

The analysis of scenario paths performed focuses on the ones defined by the European Commission
for the Clean Planet for All package [1]. The proposed scenarios have the 2050 horizon and are
developed to reach a carbon-neutral society. The analysed scenarios are ELEC, H2, P2X, and EE since
they define the highest stress conditions for the distribution system. Each of these scenarios expects
to reach the policy goals relying on a specific strategy: the ELEC scenario is based on the electrification
of the energy demand, the EE scenario on the adoption of energy efficiency measures, the H2 and P2X
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scenario promote the use of hydrogen and power-to-x technologies respectively. Each scenario is
analysed to determine the technology options adopted and understand their corresponding
deployment level. Then, considering each technology option independently, the impact on the
distribution system in terms of the residual flexibility needs is studied considering the four following
factors: electricity demand increase, an increase of generation from renewable sources, the increase
of generation at the distribution level, and the increase of technology options able to provide
flexibility. The first three factors relate to the increase of the flexibility needs of the distribution
system, while the latter factor determines by itself a reduction of the need for flexibility in the
distribution system.

The assessment of the flexibility needs in long-term scenarios is discussed in chapter 4: Flexibility
needs in long-term scenarios.

Challenges and recommendations concerning technology option deployment

The findings of the scenario analysis point out that the main technology options to be considered for
the related impact in the distribution system are the battery electric vehicles, heat pumps, building
refurbishment, an increase of renewable generation at the household level, CHP, and building
automation. Moreover, the scenario analysis highlights that estimating quantitatively the impacts of
the technology options on the distribution system requires complementing the information available
from the scenarios proposed for the European Union in [2] with local information, particularly by
estimating the quota of local generation expected to be connected in the distribution system, the
deployment of CHP, and the adoption of building automation technologies. Reliable information on
these technology options can be available only at the local level, in line with the requirements for
moving from the high-level to the quantitative estimation of the impacts. Therefore, it is evident that
assessing the flexibility needs for the future distribution system requires both a top-down and a
bottom-up approach. The top-down qualitative approach, as the analyses presented in this document,
allows understanding the objective to be achieved, the boundaries of the strategies, and the high-level
challenges. The top-down approach guides the bottom-up approach that exploits local information
such as the actual level of deployment of the technology options and knowledge of the grid (e.g., the
status of the network, zonal load and generation type and capacity) to determine quantitatively the
flexibility need of a specific distribution network and the already available flexible resources.

The analysis of the long-term vision for a carbon-neutral EU in 2050 and the national energy and
climate plans, the study of the technology options and the future scenarios expected in the EU allow
identifying the main challenges and formalising a set of general recommendations to guide the
evolution of the distribution system. These recommendations concern the technology option
deployment to take full advantage of the changes expected for the distribution system, approaches
and tools for future distribution system planning and operation resorting flexible resources.
Moreover, the recommendations regard the flexibility procurement mechanism to be adopted and the
required evolution of regulation and business models for the future distribution system.

The findings and recommendations concerning technology option development are discussed in
section 5.1: Discussion on the future deployment of the technology optionsError! Reference source
not found..

Challenges and recommendations on planning and operation for the future distribution
system

As pointed out by the study of the future EU scenarios, operating and planning the future distribution
system are subject to high uncertainties, mostly due to the various possible technology options
deployed and the various operational schemas that could be adopted in the long term. As discussed,
the high-level analysis of the impact on the distribution system sets the basis for a more detailed
analysis to be addressed at the local level. The specific distribution system characteristics are highly
dependent on local conditions (e.g., regulation at country level, load and generation type, capacity,
and volume in the area of interest, the initial status of the network); therefore, quantitative appraisals
of the future flexibility need, and the development of innovative operation and planning practices,
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have to resort local information. The analysis described in this report identified the technology
options that should be carefully taken into account (Table 3-4), how these technology options are
intertwined (Table 3-2), and how the deployment of the different policy perspectives for the energy
system of the future influence the technology option deployment and the related impact on the
distribution system (Table 4-4, Table 4-5, Table 4-6). Load and generation profiling and forecasting
require to be enhanced in temporal and spatial accuracy. Forecasting of load, generation and
flexibility become essential for distribution system operation and consequently for planning.
Therefore, continuous forecast quality and availability assessment are needed for cost-effective and
resilient operation and planning in the future distribution system. Long-term planning scenarios need
to consider the degree of decentralisation of DER and the corresponding CAPEX and OPEX for ICT
needed to coordinate a highly distributed system with very high security of supply and cybersecurity
requirements. Realistic large-scale distribution system models, so-called Reference Network Models
(RNM) should be used to validate complex active network operation and planning. The accuracy of
the distribution network models used for network studies has to increase, the future network models
have to be the digital twins of the real network.

The findings and recommendations for quantitative assessment of flexibility needs are discussed in
section 5.2: Discussion on the challenges of operation and planning of future distribution networks.

Challenges and recommendations on procurement mechanisms for the future distribution
system

As highlighted by the scenario and technology option analysis, all scenarios concern developing
technology options capable of providing system services to the DSO. Deliverable D3.1 "Flexibility
Toolbox" describes the different technologies that could provide flexibility in the distribution and
transmission system, such as different storage technologies and demand-side flexibility [118]. DSOs
can use a wide range of mechanisms to acquire flexibility from resources owned by other players of
the distribution systems (e.g., distributed generators, prosumers, customers, aggregators). Any
mechanism for acquiring system services shall aim for technology neutrality, as discussed in
EUniversal Deliverable 5.1 [103]. The key mechanisms of interest among the ones discussed in
EUniversal Task 5.1 are: flexible access and connection agreements, dynamic network tariffs and local
flexibility markets [103]. Flexibility markets should be preferred unless the context makes them
impossible. Moreover, the local characteristics have to be carefully assessed to ensure enough
liquidity and prevent market distortions. Dynamic network tariffs and connection agreements could
easily involve small business and residential customers in providing flexibility since the lower
complexity perceived by the final electricity users.

The findings and recommendations on procurement mechanisms for the future distribution system
are discussed in section 5.3: Discussion on the flexibility procurement mechanisms.

Challenges and recommendations for regulation in future distribution energy systems

The review of the EU long term vision and scenarios and the analysis of the possible technology
options point out the tremendous transformation required to the distribution system. Modernisation
of regulation has to accompany the energy transition and distribution system evolution, taking
advantage of the available opportunities without jeopardising supply quality and security and
increasing overall system costs. Since the novelty of procuring system services from third-party
resources connected to the distribution system, design such local mechanisms is pioneering and
requires regulatory experimentation to explore all possible mechanisms, local conditions, and assess
the related strengths and weaknesses. Regulatory experimentation may help the NRA and DSOs to
obtain evidence that helps to elaborate the regulations needed for implementing the future flexibility
procurement mechanisms. To this aim, regulatory sandboxes are legislation instruments to
experiment with innovative business models or technologies, which under normal conditions would
be hindered by legal or regulatory barriers [143]. They provide an experimental environment to
foster innovation and business model development. Moreover, it is highlighted the need for
innovative decision-making support to appraise projects that include traditional network planning
and flexibility resources considering more aspects than only the monetary ones. The main challenges
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to be addressed by regulation experimentation regard market integration, project appraisal,
distribution network planning, flexibility remuneration, and TSO-DSO coordination.

The findings and recommendations for regulation in future distribution energy systems are discussed
in section 5.4: Discussion on regulation for the future distribution system.

Challenges and recommendations for business models in future distribution energy systems

The analysis of the EU long-term scenarios and the corresponding level deployment of the technology
options make evident that the evolution of the distribution system implies the emergence of new
actors, new business models, and changes in the business models of the existing electricity actors
depending on covered roles and assigned responsibilities. Regarding the DSO, its role depends on the
responsibilities for ensuring the security and quality of the electricity supply and the requirements to
guarantee universal access to the grid to the other electricity sector actors. The business model of the
DSO changes if the grid ownership and the grid operation are assigned to different entities, if the DSO
also covers the role of the local market operator, and if the DSO plays the role of the energy manager
for the local energy community.

Regarding FSPs, the adopted business model and the related characteristics (e.g., value proposition,
key activities, key partners, cost structure, revenue streams) would depend on the flexibility
procurement mechanism in place (e.g. obligation, network tariffs, connection agreements, or market-
based procedures) and the service provided [103]. In fact, the flexibility procurement mechanism
defines the rules, process, and remuneration of the flexibility provision. The procurement process
determines the limits of the business opportunities and the possible revenue streams. Furthermore,
the aggregator may play a central role in flexibility procurement [176]. The aggregator is an emerging
actor in energy systems that aggregates energy production and consumption from different sources
(e.g., generators, loads, storage) and acts toward the grid as one entity [178], [184]. Innovation in
regulation is needed to clarify its role and its interactions with the other agents. Aggregators are
market players with a revenue-oriented business model. Also, the aggregator's business model
characteristics depend on the regulation in force and the mechanism for procuring system services
that influence the revenue stream.

The findings and recommendations for business models in future distribution energy systems are
discussed in section 5.5: Discussion on business models for DSO, aggregators, and FSPs.

Correlation within the EUniversal project

The present deliverable highlights challenges and opportunities for grids and markets considering
the long-term scenarios for the distribution system. The activities of this deliverable follow the review
of recent and ongoing policy and regulatory initiatives (EUniversal Task 1.1); draw lessons learnt
from recent and ongoing research and demonstration initiatives relevant to the project objectives
which the set of the grid and non-grid DSO needs and the respective services are identified
(EUniversal Task 1.2). Moreover, Deliverable 1.3 builds further on the experience of EUniversal D5.1
in which relevant market mechanisms for the procurement of flexibility needs and grid services are
determined, and EUniversal D2.2 that describes the use cases and roles & responsibilities of the
different actors for the EUniversal demos.

This deliverable provides a long-term vision for technologies, particularly utility-scale and distributed
renewable generation, storage, electric vehicles, and smart grid developments, for the EU target
countries (Germany, Spain, Belgium, Portugal, Poland). The challenges and opportunities for system
and network operators are identified under current regulatory frameworks and market rules to
characterise future flexibility needs. The achievements mentioned above serve as an input to WP4,
WP5 and WP10, where best practices and detailed recommendations for new business models,
market arrangements and regulatory mechanisms are provided.
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This deliverable aims to contribute to the following activities of the EUniversal project:

Task 4.2 is focused on long-term scenarios that can guide exploitation and roadmaps
definition with the inputs regarding the technology option scenario analysis and the
challenges on operation and planning of distribution network.

Task 5.4 concerns market mechanisms assessment from the multi-stakeholder perspective
with the identified challenges and opportunities for system operators.

Task 10.1 examines the current practice and future target model of distribution network
planning, focusing on the trade-off between flexibility and network investments and
business model canvas analysis of the different demo projects.

Task 10.2, focused on regulation, will study in detail the regulatory sandboxes, and it will
benefit from the scenario analysis and the identification of the relevant challenges.

Task 10.3 and Task 10.4, focused and scalability, replicability and roadmap formalisation,
will benefit from the scenario analysis and the identification of the main technology options.
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