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Active Demand/Demand 
Side response

The capacity to change electricity usage by end-use customers (including residential) 
from their normal or current consumption patterns in response to market signals, such 
as time-variable electricity prices or incentive payments, or in response to acceptance of 
the consumer’s bid, alone or through aggregation, to sell demand reduction/increase at a 
price in organised electricity markets or for internal portfolio optimisation.

Aggregation/Aggregator A function performed by a natural or legal person who combines multiple customer loads 
or generated electricity for sale, purchase or auction in any electricity market.

Alternating current (AC) An electric current which periodically reverses direction.

Ancillary services A range of services beyond generation, transmission and distribution that are required to 
maintain grid stability.

API Application Program Interfaces.

Asset An asset is a resource with economic value. Tangible assets are fixed such as buildings, 
equipment etc.; an asset is part of a TSO operator control area or located in a distribution 
system. 

Carbon-neutral Situations where the energy system consumes as much CO
2
 as it emits; the CO

2
 balance is 

equal to zero.

Citizen Use for people who value the development of smart grids as an opportunity to realise 
“We-centred” needs or motivations, e.g. affiliation, selfacceptance or community. Citi-
zens want to help ensure the quality of supply and support environmental preservation 
and the community.

Cogeneration Cogeneration is the simultaneous production of electricity and useful heat. In a regular 
power plant, the heat produced in the generation of electricity is lost, often through the 
chimneys. But in a cogeneration plant it is recovered for use in homes, businesses, and 
industry. A tri-generation plant, or combined cooling, heat and power (CCHP), produces 
cooling (air conditioning) as well as heat and electricity.

Consumer Role of the energy user for electricity, heat and chemical energy (e.g. gas) classified in in-
dustrial consumers, consumers providing transport systems, consumers for a commercial 
entity or commercial building and residential consumers.

Contingency An event (such as an emergency) that may but is not certain to occur. In power systems, a 
contingency is when an element such as a transmission line or a generator, of the electric 
grid fails.

Concentrating Solar Power 
(CSP)

A plant where solar radiation is concentrated  onto a receiver by using mirrors or lenses. 
Electricity is generated when the concentrated light is converted to heat (solar thermal 
energy), which drives a heat engine (usually a steam turbine) connected to an electrical 
power generator.

Customer/End-user An end-user of energy.

Cybersecurity All mechanisms and processes for guaranteeing the integrity of the operation of computer 
systems in the event of attacks and malfunctioning.
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Demand-side flexibility The capacity to change electricity usage by end-use customers (including residential) 
from their normal or current consumption patterns in response to market signals, such 
as time-variable electricity prices or incentive payments, or in response to acceptance of 
the consumer’s bid, alone or through aggregation, to sell demand reduction/increase at a 
price in organised electricity markets or for internal portfolio optimisation.

Digital twin Refers to a digital replica of physical assets, processes and systems that can be used for 
various purposes. The digital representation provides both the elements and the dynamics 
of how an Industrial Internet of Things device operates and lives throughout its life cycle 
including continuous digital predictions through machine learning and artificial intelligence.

Direct current (DC) Is the unidirectional flow of electric charge.

Distributed system Systems that are installed at or near the location where the electricity is used, as opposed 
to central systems that supply electricity to grids. A residential photovoltaic system is a 
distributed system.

Distribution/Transmission 
System Operators (DSO/
TSO)

Role for operating distribution/ transmission grids of electricity supply, who plans, builds 
and maintains distribution/transmission infrastructure responsible for grid access and 
integration of renewables, grid stability, load balancing and connections to grid users 
(generators and consumers) at distribution/transmission grid level. Furthermore, a DSO/
TSO is responsible for its interconnections with other systems and to ensure the long-
term ability of the system to meet reasonable demands for the distribution/transmission 
of electricity or gas.

Electricity generation 
Efficiency (Efficency el.)

The ratio between the electrical energy generated (output) and the energy content of the 
fuel consumed (input). The ratio is a-dimensional and the Efficiency is expressed  often 
as percentage.

Energy cell (Web of cells) Compound comprehensive smart energy systems with subsidiary structures on the ba-
sis of decentralised generation and storage as well as decentralised, automated energy 
management in autonomously steered energy systems, which are able to run temporarily 
autarkic, e. g. in the case of failures of embedded resources.

Energy communities A legal entity where citizens, SMEs and local authorities come together, as final users of 
energy, to cooperate in the generation, consumption distribution, storage, supply, aggre-
gation of energy from renewable sources, or offer energy efficiency/demand side man-
agement services.

Energy storage System domain for appliances and assets storaging energy within the group energy con-
suming units.

Energy systems Electricity, gas, heating and cooling, liquid fuel systems, and other energy carriers (any 
system or substance that contains energy for conversion as usable energy later) are all 
considered ‘energy systems’.

Flexible AC Transmission/
Distribution Systems 
(FACTS/FACDS)

System composed of static equipment used for the AC transmission / distribution of 
electrical energy. It is meant to enhance controllability and increase power transfer / 
distribution capability of the network. It is generally a power electronics-based system.

Fuel conversion rate The ratio between the sum of the electricity generated and the useful heat recovered 
(output) and the energy content of the fuel consumed (input). The ratio is a-dimensional 
and the Fuel Conversion Rate is expressed  often as percentage.

FUNCTIONALITY Range of impacts suited to achieve a specific purpose.

Gas Turbine Simple Cycle 
Plant (SCP)

In simple cycle gas turbine operates according the Brayton thermodynamic cycle: air is 
compressed, mixed with fuel (most frequently natural-gas), and the mixture is burned 
in a combustor. The resulting hot, pressurized gases are expanded through a turbine that 
drives the compressor and an electric generator.

Gas Turbine Combined Cycle 
Power Plant (CCPP) 

It combines both Brayton and Rankine thermodynamic cycles: a gas turbine operates ac-
cording to Brayton cycle, as in the Simple Cycle, generating power, while the high tem-
perature exhaust gases are fed into a so-called Recovery Boiler, where they generate 
steam, which in turn is fed to a Steam Turbine, thus generating additional power.

Gas Turbine Combined Heat 
and Power plant (CHP)

The Gas Turbine generates power according the Simple Cycle, while the heat content in 
the turbine exhaust gases is recovered and fed to useful destination (e.g. industrial heat, 
district heating …).

Gas-to-Heat (GtH) Combustion of gases to generate heat.

Gas-to-Power-and-Heat 
(GtP&H)

Combustion of gases to generate at the same time and with high efficiency electricity 
and heat.

High voltage (HV) Usually considered any AC voltage over approximately 35,000 volts. This is a classification 
based on the design of apparatus and insulation.

Holistic Architecture Holistic energy system architectures facilitate all processes which are necessary for a 
reliable, economic and environmentally-friendly operation of smart electricity systems.

Incentive Regulatory measures that are meant to steer behaviour in certain contexts, i.e. motivat-
ing to behave in a specific way or demotivating to behave in another way than desirable. 
Incentives are often of monetary nature but are not restricted to such.

Interoperability The ability of two or more networks, systems, devices, applications, or components to 
interwork, to exchange and use information in order to perform required functions.

Load-shifting Shifting large electrical loads from high-demand peak times to times where generation 
and shifted load match better.

Low-carbon Situation where the CO
2
 balance (i.e. emissions vs. sinks) is almost zero.

Low voltage (LV) Usually refers to AC voltages from 50 to 1,000 volts.

Medium voltage (MV) Usually refers to AC voltages between 1,000 volts to 35,000 volts.

Net Transfer Capacity 
(NTC)

The maximum total exchange program between two adjacent control areas compatible 
with security standards applicable in all control areas of the synchronous area and taking 
into account the technical uncertainties on future network conditions.
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Organic Rankine Cycle (ORC) A thermodynamic Rankine cycle, where an organic, high molecular mass fluid, with a 
low-temperature liquid-vapor phase change and/or boiling point, is used instead of wa-
ter. Such characteristics of the fluid allow the generation of steam from lower tempera-
ture sources such as biomass combustion, industrial waste heat, geothermal heat, solar 
ponds etc. The steam is then expanded in a suitable turbine, thus generating power.

Power-to-Gas (PtG) Conversion of electrical power to a gas fuel. As an example of such conversion, electricity 
is used to split water into hydrogen and oxygen using the electrolysis principle, where 
hydrogen can then be converted to methane with CO

2
 as input.

Power-to-Heat (PtH) Conversion of electrical power into heating/cooling. The conversion can be done for ex-
ample by using conventional electric heaters or heat pump systems.

Power-to-Liquid (PtL) Conversion of synthetic gas (CO and H2) into a mix of raw products, suitable for further 
processing at refineries or in the chemicals industry in view of the transformation into 
industrial products.

Prosumers Consumers of all types (households, tertiary, industry, transport and agriculture sectors) 
who also produce energy. Prosumers can be active market participants by engaging in the 
real-time control of their energy-consuming and producing devices.

Reciprocating Simple Cycle 
Plant (SCP)

Power generation plant based on a heat engine that uses one or more reciprocating pis-
tons to convert pressure into a rotating motion. The most diffused engine is the internal 
combustion engine.

Reciprocating engine-
based Combined Heat and 
Power plant (CHP)

A reciprocating engine-based plant (mostly internal combustion engine), where the heat 
content in the engine exhaust gases is recovered and fed to useful destination (e.g. in-
dustrial heat, district heating …).

Reliability All the measures of the ability of the system, generally given as numerical indices, to 
deliver electricity to all points of utilisation within acceptable standards and in the 
amounts desired.

Renewable Energy Sources 
(RES)

Energy derived from natural processes that are replenished constantly. In its various 
forms, it derives directly from the sun, or from heat generated deep within the earth. 
Included in the definition are electricity and heat generated from solar, wind, ocean, hy-
dropower, biomass, geothermal resources, and biofuels and hydrogen derived from re-
newable resources.

Replicability Denotes the property of a system that allows it to be duplicated at another location or 
time. Whereas spatial replicability compares the performance of a system for different 
boundary conditions at a same, given time, temporal replicability is concerned with the 
performance of a system when boundary conditions change during time.

Resilience Ability of the system with generating sources, transmission and distribution, conversion 
– to withstand high-impact, low-frequency events. This includes events that are natural, 
such as hurricanes or ice storms, as well as man-made, such as cyber or physical attacks 
on e.g. grid infrastructure.

Scalability Capable of being easily expanded on demand, e.g. to include more participants or a higher 
load.

Scaling-up To increase the size, amount, or importance of something, usually an organization or pro-
cess.

Security of Supply The capability of a power system at a given moment in time to perform its supply function 
in the case of a fault.

Smart Grid An electricity network that can intelligently integrate the actions of all actors connected 
to it – operators of storage capacity, generators and consumers – in order to efficiently 
deliver sustainable, economic and secure electricity supplies (European Technology Plat-
form SmartGrids, 2010).

Smart Metering The technology of recording usage in real time from metering devices and providing a 
two-way communication and/or control path extending from energy network to custom-
er appliances.

Subsidiarity The subsidiarity principle means that energy systems are operated in such a way that ac-
tions are optimised locally (at the most immediate level). Actions that cannot be handled 
locally are handled at the next level.

System architecture A set of conventions, rules, and standards employed in a computer system’s technical 
framework, plus customer requirements and specifications, that the system’s manufac-
turer (or a system integrator) follows in designing (or integrating) the system’s various 
components (such as hardware, software and networks).

Vulnerability The openness to attack or damage.
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Context
The production and use of energy, including that need-
ed for transport, account for some 80% of the EU’s 
greenhouse gas emissions. The strong commitment to 
cut the emissions by 80-95% below 1990 level within 
mid-century, requires a rapid and drastic decarboni-
sation of the European energy system. This process 
shall be carried out in compliance with the three main 
drivers of the clean energy development programmes, 
i.e protecting the environment, ensuring security, reli-
ability and resilience of energy supply, while creating 
affordable and market-based energy services, thus 
fostering welfare and economic growth. 

The energy system as envisaged by the European 
Technology and Innovation Platform (ETIP) on Smart 
Networks for the Energy Transition (SNET) has been 
described in the Vision 2050, presented and published 
in June 2018, where the European target system is 
imagined as “A low-carbon, secure, reliable, resilient, 
accessible, cost-efficient, and market-based pan-Eu-
ropean Integrated Energy System supplying all of 
society and paving the way for a fully carbon neutral 
circular economy by the year 2050, while maintaining 
and extending global industrial leadership in energy 
systems during the energy transition”. 

Legislative Effects on 
Innovation
Recent European legislation requires that DSOs 
must create an “EU DSO Entity”, which will need 
to contribute to, among others, cooperation with 
ENTSO-E regarding the development of the electricity 
infrastructure planning. The traditional energy system 
silos for electricity generation and end-use, for gas 
transport, for heating & cooling, and for mobility must 
be coupled and optimised as one overall Integrated 
Energy System. At the building level, the operation 
shall be supported by a smart readiness indicator. 

The recent clean energy legislation requires that Elec-
tricity Markets are created with “active customers/
consumers and citizens” and “energy communities”. 
Renewables self-consumers are to be empowered to 
generate, consume, store, and sell electricity without 
facing disproportionate burdens, including without liabil-
ity for any double charge, including network charges, for 

stored electricity remaining within their premises. Final 
customers (such as household customers), are entitled 
according to recent legislation to participate in a renew-
able energy community, while maintaining their rights or 
obligations as final customers. Cities and their citizens 
play a leading role in deciding on, developing and im-
plementing city-related decarbonisation strategies. 

The new legislation also asks for enhanced roles of 
DSOs, particularly in procurement of ancillary services, 
flexibility, data management and integration of electric 
vehicles. Markets must encourage development of 
more flexible generation and demand and Member 
States must eliminate obstacles to market-based 
pricing. Bidding zones must be reviewed by TSOs 
and possible alternative concepts must be proposed. 
DSOs must adapt network access and congestion 
tariffs and charges.  

Member States must remove regulatory distortions, 
enable scarcity pricing, interconnection, Demand Side 
Response (DSR) and storage before Capacity Re-
muneration Mechanisms (CRM) can be introduced. 
Capacity must be procured separately from balancing 
energy by TSOs and may be facilitated on a regional 
basis. Final customers and small enterprises must be 
enabled to buy electricity generation from aggregated, 
multiple power-generating facilities or load from multiple 
demand response facilities to provide joint offers on the 
electricity market and be jointly operated in the electric-
ity system. Smaller-scale producers must be directly or 
indirectly responsible for selling on the market the elec-
tricity they generate. Citizens must be offered competi-
tive prices, efficient investment signals and higher stan-
dards of service so that they can contribute to security of 
supply and sustainability. Membership of citizen energy 
communities must be open to all categories of entities. 

Digitalisation is key through the integration of innovative 
technologies with the electricity system by interoperable, 
standardised data architectures and related 
communication together with smart-ready buildings and 
electric vehicles. The ENTSO for Electricity (ENTSO-E) 
and the EU DSO entity must respectively promote and 
contribute to the digitalisation of the systems. The growing 
electrification and the more decentralized deployment 
of renewable power generation require reinforced and 
smarter electricity networks, able to accommodate both 
centralized and decentralized elements and to make 
the best of RES allocation over the European territory. 
Pervasive network digitalisation, supported by high-
capacity cyber-secure communication networks, ensure 
decentralized monitoring and control. 
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The future energy system will rely on much higher bal-
ancing capacities, including flexible generation units, 
increased demand response and conversion and 
storage technologies, together with better intercon-
nections at all grid levels. Increasing system flexibility 
must be achieved also through policies, measures 
and regulations compatible with further market inte-
gration, increased competition and the achievement 
of climate and energy objectives. The recent clean 
Energy legislation requires that renewable heating 
and cooling must contribute to the progressive in-
crease of the share of renewable energy. Provisions 
shall be included, at national, regional and local lev-
el, for the integration and deployment of renewable 
energy, including for renewables self-consumption 
and renewable energy communities, and the use of 
unavoidable waste heat and cold when planning, in-
cluding early spatial planning, designing, building and 
renovating urban infrastructure, industrial, commer-
cial or residential areas and energy infrastructure, in-
cluding electricity, district heating and cooling, natural 
gas and alternative fuel networks. 

An integrated system approach is required to put the 
transport sector on a sustainable path. Central ele-
ments of such approach include action on overall ve-
hicle efficiency, promoting low- and zero emission ve-
hicles and infrastructure, and the long-term switch to 
low- and zero-carbon electricity and to alternative and 
net-zero-carbon fuels for transport, together with fur-
ther encouraging multi-modal integration and shifts to-
wards more sustainable transport modes. Conditions 

must ensure the effective deployment of publicly ac- 
cessible and private recharging points for electric ve- 
hicles and the efficient integration of vehicle charging 
into the system.

Approach for Building the 
ETIP SNET R&I Roadmap 
2020-2030
The path towards 2050 shall be adequately planned 
and executed by means of a sequence of targets and 
milestones and the progressive implementation of the 
FUNCTIONALITIES that will enable the transforma- 
tion. These FUNCTIONALITIES will range across the 
energy system value chain (from generation to energy 
storage, transmission, distribution and end-use), its 
stakeholders (from the customer, to the market, net- 
work and service operators), its different vectors (from 
electricity to gas, heating and cooling, transport, water 
etc.) and the related non-technical issues (legislation, 
regulation, markets etc.).

The sequence and timing of implementation of the 
FUNCTIONALITIES towards the Vision 2050 is 
considered in the present document by means of 
a “screenshot” at the intermediate step in 2030. The 
FUNCTIONALITIES considered in this roadmap to be 
implemented in the period 2020-2030 are the following:

Table 1: 12 FUNCTIONALITIES to be achieved by the year 20301

Building blocks 
(ETIP SNET Vision 
2050)

FUNCTIONALITY (Full name) Short FUNCTIONALITY1

The efficient 
organisation of 
energy systems

F1 Cooperation between system operators F1 Cooperation

F2 Cross-sector integration F2 Cross-Sector

F3 Integrating the subsidiarity principle - The customer at the 
center, at the heart of the Integrated Energy System F3 Subsidiarity

Markets as key 
enablers of the 
energy transition

F4 Pan-European wholesale markets F4 Wholesale

F5 Integrating local markets (enabling citizen involvement) F5 Retail

Digitalisation enables 
new services for 
Integrated Energy 
Systems

F6 Integrating digitalisation services (including data privacy, 
cybersecurity) F6 Digitalisation

Infrastructure for 
Integrated Energy 
Systems as key 
enablers of the 
energy transition

F7 Upgraded electricity networks, integrated components and 
systems

F7 Electricity Systems 
and Networks

F8 Energy System Business (incl. models, regulatory) F8 Business

F9 Simulation tools for electricity and energy systems 
(software) F9 Simulation

Efficient energy use

F10 Integrating flexibility in generation, demand, conversion 
and storage technologies F10 Flexibility

F11 Efficient heating and cooling for buildings and industries 
in view of system integration of flexibilities F11 Heating & Cooling

F12 Efficient carbon-neutral liquid fuels & electricity for 
transport in view of system integration of flexibilities F12 Transport

These FUNCTIONALITIES are chosen in such a way 
that together and in accordance with the Building Blocks 
defined in the ETIP SNET Vision 2050, they represent 
the set of features enabling the functioning of an inte-
grated energy system by the year 2030. These function-
alities are described in Chapter III.

1 The “Short FUNCTIONALITY Name” is used in some of the table 
headers for space reasons

The present roadmap addresses the R&I2 activities to 
be carried out in view of the practical achievement of the 
FUNCTIONALITIES and implementation by 2030, as 
well as those that must be started and conducted in the 
next ten years, even when a further target of implemen-
tation later than 2030 is foreseen. The research activities 
to be conducted in the reference period are organised in 
this roadmap according to the following Research Areas: 

2 R&I meaning Research and Innovation; R&I projects comprise 
Research and Demonstration tasks (followed by Deployment 
projects, with typically non-public funding) 
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Table 2: Research Areas (RA) with Research Sub-Areas (RSA) and Number of tasks per RSA

Research Areas
(RA)

Research 
Sub-Area 
Number

Research Sub-Areas
(RSA)

Number 
of tasks 

associated 
to the RSA

1.	 CONSUMER, 
PROSUMER and 
CITIZEN ENERGY 
COMMUNITY

1.1 Social campaigns and social studies (related to societal acceptance 
and environmental sustainability of energy infrastructures) 3

1.2 Adaptive consumer/user behaviour including energy communities 
(interaction, incentives by dynamic tariffs) 2

1.3 Consumer and prosumer device control 2

2.	 SYSTEM 
ECONOMICS

2.1 Business models (including Aggregators) 5

2.2 Market design and governance (Retail, Wholesale; Cross-border; 
Ancillary services; Flexibility markets) 9

3.	 DIGITALISATION

3.1 Protocols, standardisation and interoperability (IEC, CIM, 
Information models) 4

3.2 Data Communication (ICT) (Data acquisition, Smart Meter, Sensors 
(monitoring), AMR, AMM, smart devices) 4

3.3 Data and Information Management (Platforms, Big Data, Software, 
IoT) 2

3.4 Cybersecurity (vulnerabilities, failures, risks) and privacy 4

3.5 End-to-end architecture (integrating market, automation, control, 
data acquisition, digital twin, end-users) 3

4.	 PLANNING 
- HOLISTIC 
ARCHITECTURES 
and ASSETS

4.1 Integrated Energy System Architectures (design including new 
materials and hybrid AC/DC grids) 9

4.2 Long-term planning (System development) 7

4.3 Asset management and maintenance (maintenance operation, 
failure detection, asset lifecycles, lifespan and costs, ageing) 9

4.4 System Stability analysis 7

5.	 FLEXIBILITY 
ENABLERS 
and SYSTEM 
FLEXIBILITY

5.1 Demand flexibility (household and industry related) 4

5.2 Generation flexibility (flexible thermal, RES such as Hydro, PV and 
wind generators) 7

5.3 Storage flexibility & Energy Conversion flexibility (PtG&H, PtG, 
GtP, PtL, LtP; PtW; WtP) 5

5.4 Network flexibility (FACTS, FACDS, smart transformers and HVDC) 4

5.5 Transport flexibility (V2G/EV; railway, trams, trolleybus) 3

Research Areas
(RA)

Research 
Sub-Area 
Number

Research Sub-Areas
(RSA)

Number 
of tasks 

associated 
to the RSA

6.	 SYSTEM 
OPERATION

6.1 Supervisory control and State estimation 3

6.2 Short-term control (Primary, Voltage, Frequency) 3

6.3
Medium- and long-term control (Forecasting (Load, RES), 
secondary & tertiary control: LFC, operational planning: 
scheduling/optimization of active/reactive power, voltage control)

6

6.4 Preventive control/restoration (Contingencies, Topology (including 
Switching) optimisation, Protection, Resilience) 8

6.5 Control Center technologies (EMS, platforms, Operator training, 
Coordination among Control Centers) 7

Total number of Tasks 120
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Each of these 6 Research Areas is composed of 
several Research Sub-Areas (in total 24 Research 
Sub-Areas). Each Research Sub-Area is composed of 
several tasks (in total 120 associated Tasks). The ETIP 
SNET stakeholders have determined the potential for 
contributions of each of these tasks for achieving the 
above-mentioned FUNCTIONALITIES. 

This roadmap synthesizes consolidated and balanced 
stakeholders’ views for the future R&I needs of the 
Integrated Energy System with electricity as its backbone. 
It relies on a detailed analysis of monitored and reviewed 
national, European and international R&I projects, on 
experts revising tasks of the previous roadmap, several 
intermediate consultations and a multi-year series of 
regional workshops involving national stakeholders of 
ongoing or recently finished R&I projects.

This ETIP SNET R&I roadmap  covering  2020-2030 
is the update and integration of the previous ETIP 
SNET R&I Roadmap 2017-2026. The profound review 
was deemed necessary to take into account the 
development path drawn by the ETIP SNET Vision 
2050 and the very clear policy messages outlined in the 
legislative package “Clean Energy for all Europeans”. It 
considers systematically the encompassing interaction 
among the different sectors linked with energy (i.e. 
electricity, gas, heating and cooling, transport, water, 
communication etc.), addressing the flexibility needs 
and the related conversion, storage and solutions 
integration towards a thorough decarbonisation. 

Budgets ETIP SNET 
R&I Roadmap 2020-

2030 
for five Building 
Blocks and six 
Research Areas

The efficient 
organisation of 
energy systems

Markets as key 
enablers of the 

energy 
transition

Digitalisation 
enables new 
services for 
Integrated 

Energy Systems

Infrastructure 
for Integrated 

Energy Systems 
as key enablers 
of the energy 

transition

Efficient energy 
use

FUNCTIONALITIES F1, F2, F3 F4, F5 F6 F7, F8, F9 F10, F11, F12 TOTALS

1. CONSUMER,
PROSUMER and
CITIZEN ENERGY

COMMUNITY

42M€ 42M€ 29M€ 29M€ 73M€ 215M€

2. SYSTEM
ECONOMICS

90M€ 91M€ 31M€ 96M€ 122M€ 430M€

3. DIGITALISATION 255M€ 136M€ 222M€ 397M€ 151M€ 1161M€

4. PLANNING -
HOLISTIC

ARCHITECTURES and 
ASSETS

121M€ 74M€ 53M€ 291M€ 226M€ 765M€

5. FLEXIBILITY
ENABLERS and

SYSTEM FLEXIBILITY
134M€ 59M€ 56M€ 206M€ 271M€ 726M€

6. SYSTEM
OPERATION

109M€ 72M€ 67M€ 234M€ 221M€ 702M€

TOTALS 752M€ 474M€ 457M€ 1253M€ 1065M€ 4000M€

Building Blocks (ETIP SNET Vision 2050)

Re
se

ar
ch

 A
re

as

ETIP SNET R+I Roadmap 2020‐2030
R+I‐Journey per Functionality

Page 1 of 1

Table 3: Roadmap Period 2020-2030 with expected budgets (the higher the budget, the 
darker the background)Budget of the ETIP SNET 

R&I Roadmap 2020-2030
ETIP SNET has defined 5 BUILDING BLOCKS3 and 
12 FUNCTIONALITIES4, which are expected to be 
implemented (deployed) in the real-world energy 
system by the year 2030, and 120 Tasks, whose 
Research and/or Demonstration goals have not yet 
been fully achieved by 2018.

According to ETIP SNET, there is the need of a total 
budget of approx. 4 000 M€5 for achieving all tasks and 
thus contributing to FUNCTIONALITIES and BUILDING 
BLOCKS in the period 2020-2030. 75% of the 4000 
M€ are expected to be spent on Demonstration tasks 
(which also includes Research) and related BUILDING 
BLOCKS with their associated FUNCTIONALITIES, 
25% are expected to be spent on Research tasks during 
2020-2030.

The following Table 3 shows how expected total bud-
get of 4000 M€ for the period 2020-2030 are divided 
among Research Areas with their contributions to each 
of the five building blocks.

3 These Building Blocks have been defined in The ETIP SNET 
Vision 2050 and are: 1- Efficient organisation of energy systems; 
2- Markets as key enablers of the energy transition; 3- Digitalisa-
tion enables new services for integrated energy systems; 4- Infra-
structure for integrated energy systems. A fifth building block “Ef-
ficient energy use” was extracted from the fourth building block.
4 The five ETIP SNET VISION 2050 BUILDING BLOCKS can be 
found at: https://www.etip-snet.eu/wp-content/uploads/2018/06/
VISION2050-DIGITALupdated.pdf
5 All budgetary figures are coming from a “token”-based ap-
proach: the value of the token is derived empirically at the light 
of the total budget and the total number of tasks per RSA con-
sidered. Each demonstration task (D-Task) is assumed to have 
a budget need of D-R-Factor (1.7) times the budget needs of a 
Research task (R-Task). Due to the fact that a task contributes 
towards a distinct number of FUNCTIONALITIES (see Annex II), 
tasks with more FUNCTIONALITIES get higher budgets. This 
was validated through an expert-based approach conducted on 
the budget for the first IP period of activity, i.e. the 2021-2024 
ETIP SNET R&I Implementation Plan.

https://www.etip-snet.eu/wp-content/uploads/2018/06/VISION2050-DIGITALupdated.pdf
https://www.etip-snet.eu/wp-content/uploads/2018/06/VISION2050-DIGITALupdated.pdf
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Table 3 shows at a glance, how each of the six research areas contributes to building blocks (each with 
associated functionalities) of the European Energy System in the year 2030. The Research areas with 
large budgets during the period 2020-2030 are in expected budget-descending order:

(right-side column) Research Area 3 (Digitalisation) with 1 161 M€, Research Area 4 (Planning – Holistic 
architectures and assets) with 765 M€, Research Area 5 (Flexibility enablers and system Flexibility) with 
726 M€, Research Area 6 (System operation) with 702 M€, Research Area 2 (System economics) with 
430 M€ and Research Area 1 (Consumer, Prosumer and Citizen energy community) with 215 M€.

(bottom row) These Research areas and the underlying Tasks will have different effects on the five 
building blocks (in descending order): Building Block “Infrastructure for Integrated Energy Systems as 
key enablers of the energy transition” has the highest associated budget need of 1 253 M€ followed by 
Building Block “Efficient energy use” with 1 065 M€, followed by Building Block “The efficient organisa-
tion of energy systems” with 752 M€, followed by  Building Block “Markets as key enablers of the energy 
transition” with 474 M€ and Building Block “Digitalisation enables new services for Integrated Energy 
Systems” with 457 M€. 

Figure 1: Expected Budget needs for ETIP SNET R&I Roadmap 2020-2030 per Research 
Area (RA)
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for ETIP SNET R&I Roadmap 2020-2030

Figure 1 shows the budgets for the RM Period 2020-2030 split by Research Area (RA) in graphical form. 

Figure 2 shows the budgets for the RM Period 2020-2030 split by FUNCTIONALITY in graphical form.
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Figure 2: Expected budget needs for ETIP SNET R&I Roadmap period 2020-2030 
per Building Block
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Structure of the ETIP SNET 
R&I Roadmap 2020-2030
Chapter II describes the evolution of the energy sys-
tem, starting from the present day towards 2030 and 
2050. The ETIP SNET Vision 2050 gives insights into 
the evolution of the energy system and its stakeholders 
towards 2050 - with the electricity system as the back- 
bone. In addition, with the support of several analytical 
studies and European scenario documents, this chap- 
ter II gives indications on societal evolutions related 
to the sustainability, affordability and security of supply 
of the energy system by 2050. This roadmap incorpo- 
rates in Chapter II an analysis of the main guidelines 
of the EU Climate and Energy policies published and 
adopted since the previous ETIP SNET R&I Roadmap 
2017-2026 which yield impacts on the future integrated 
energy system. The impacts are then used to derive 
FUNCTIONALITIES of the integrated energy system 
by the year 2030. They represent those challenges for 
the stakeholders including system operators, market 
aggregators, consumers in citizen energy communities 
which need to be realised or built by the year 2030. 
These FUNCTIONALITIES are associated to building 
blocks defined in the ETIP SNET Vision 2050. 

Chapter III, in direct connection to the ETIP 
SNET Vision 2050 building blocks, describes the 
FUNCTIONALITIES needed for the European energy 
systems to achieve the “2030 Climate and Energy 
Framework” goals. To have these FUNCTIONALITIES 
successfully implemented in parts of the European 
energy system, R&I activities must be undertaken and 

finished by approximately 2027 with the idea that three 
more years remain for full implementation to reach 
2030 goals. Chapter III discusses the Why, What 
and Goals (tasks) for each such FUNCTIONALITY 
in the year 2030, using a progressively more 
detailed approach (from a high level description of 
the FUNCTIONALITIES, to an identification of the 
characteristics of each FUNCTIONALITY considered): 
the R&I needs to be satisfied to enable a successful 
real-world implementation of the FUNCTIONALITY, 
the main tasks to be developed during the time of 
validity of the roadmap to ensure the availability of the 
FUNCTIONALITIES in due time.

Chapter III also discusses what research areas 
and tasks are needed to achieve the 2030 
FUNCTIONALITIES and goals. It gives insights into 
budgetary requirement for the various research areas 
during the time period 2020-2030. With the decribed 
research, demonstration and deployment needs 2020-
2030, ETIP SNET lays the foundation for the upcoming 
four-year ETIP SNET Implementation plan 2021-2024 
with detailed proposals for TOPICS6 with the goal to 
achieve the required FUNCTIONALITIES by 2027 and 
their full implementation by 2030. 

Chapter IV presents a panorama of funding instruments 
that can be leveraged to make the R&I activities ad-
dressed in this roadmap happen. Chapter IV deals with 
the budgetary needs for the R&I activities described, 
built with a bottom-up approach for the estimated 
amounts for each task within each research area.

Chapter V concludes this ETIP SNET R&I Roadmap 
2020-2030 with a set of recommendations.

6 The RSA (Research Sub Area) are called TOPIC in the ETIP 
SNET R&I Implementation Plan 2021-2024. Please consider 
therefore RSA as  synonymous with TOPIC.



25

ETIP SNET R&I Roadmap 2020-2030
Table of Contents

Table of
Contents

Glossary

Executive Summary
Context

Legislative Effects on Innovation

Approach for building the ETIP SNET R&I Roadmap 2020-2030

Budget of the ETIP SNET R&I Roadmap 2020-2030

Structure of the ETIP SNET R&I Roadmap 2020-2030

I. Introduction

II. Description of the evolution of the high-level functionalities: 
the path to the energy system 2050
EU policies on the way to the Paris objectives

Development scenario for the European energy system to 2050

The energy system transition towards 2050

Focus on the electricity system

III. The ETIP SNET R&I Roadmap 2020-2030
Research Areas (RA) and Research Sub-Areas (RSA)

FUNCTIONALITIES 2030

The efficient organisation of energy systems
F1 - Cooperation between system operators
F2 - Cross-sector integration
F3 - Integrating the subsidiarity principle – the customer at the center, at the heart of the 
Integrated Energy System

Markets as key enablers of the energy transition
F4 - Pan-european wholesale markets
F5 - Integrating local markets (enabling citizen involvement)

Digitalisation enables new services for Integrated Energy Systems
F6 - Integrating digitalisation services (including data privacy, cybersecurity)

Infrastructure for Integrated Energy Systems as key enablers of the energy transition
F7 - Upgraded electricity networks, integrated components and systems
F8 - Energy system business (includes models, regulatory)
F9 - Simulation tools for electricity and energy systems (Software)

Efficient energy use
F10 - Integrating flexibility in generation, demand, conversion and storage technologies
F11 - Efficient heating and cooling for buildings and industries in view of system integration 
of flexibilities
F12 - Efficient carbon-neutral liquid fuels & electricity for transport in view of system 
integration of flexibilities

6

12
13

13

14

18

23

28

32
33

36

37

40

42
45

48

48
48
49

50

54
54
55

60
60

66
66
67
68

72
72

73

75



26 27

ETIP SNET R&I Roadmap 2020-2030
Table of Contents

ETIP SNET R&I Roadmap 2020-2030
Table of Contents

IV. Funding needs to support the ETIP SNET R&I Roadmap 2020-2030
Budget methodology for ETIP SNET R&I Roadmap 2020-2030

Horizon Europe instruments to support the goals of the ETIP SNET R&I Roadmap 2020-2030

Overview of planned EU funding 2021-2027
Horizon Europe structure and links to ETIP SNET R&I Roadmap

V. Recommendations

Annex I: Research Areas
RA 1: Consumer, prosumer and citizen energy community
RA 2: System economics
RA 3: Digitalisation
RA 4: Planning - holistic architectures and assets
RA 5: Flexibility enablers and system flexibility
RA 6: System operation

Annex II: Tasks, Research Sub-Areas and functionalities

Annex III: Methodology for functionalities

Annex IV – Summary of tasks contributions to individual functionalities for ETIP 
SNET R&I Roadmap 2020-2030

Index of figures

Figure 1: Expected budget needs for ETIP SNET R&I Roadmap 2020-2030 per Research Area (RA)

Figure 2: Expected budget needs for the ETIP SNET R&I Roadmap period 2020-2030 per Building Block

Figure 3: Structure of the ETIP SNET R&I Roadmap 2020-2030

Figure 4: The future Integrated Energy Systems with conversion, storage between energy carriers, 
their networks and electricity networks as its backbone (source: ETIP SNET Vision 2050)

Figure 5: Budget 2020-2030 (in M€) per FUNCTIONALITY

Figure 6: EU funding 2021-2027 [EU, May 2019]

Figure 7: Allocation of the €100 billion to go to Horizon Europe

Figure 8: Horizon Europe structures, [EU, May 2019]

80
81

84

85
86

90

94
96
97
97
97
98
99

100

120

122

21

22

30

35

84

85

85

86

Index of tables 

Table 1: 12 Functionalities to be achieved by the year 2030

Table 2: Research areas (RA) with Research Sub-Areas (RSA) and number of tasks per RSA

Table 3: Roadmap Period 2020-2030 with expected budgets (the higher the budget, the darker the 
background)

Table 4: Building blocks of the ETIP SNET Vision 2050 and their association to the FUNCTIONALITIES 
of the ETIP SNET R&I Roadmap

Table 5: FUNCTIONALITIES for the Integrated Energy System 2030

Table 6: Research Areas

Table 7: Research areas (RA) with Research Sub-Areas (RSA) and number of tasks per RSA

Table 8: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F1, F2 and F3 (Research (red); Demonstration (orange)

Table 9: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F4 and F5 (Research (red); Demonstration (orange)

Table 10: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F6 (Research (red); Demonstration (orange)

Table 11: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F7, F8 and F9 (Research (red); Demonstration (orange)

Table 12: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F10, F11 and F12 (Research (red); Demonstration (orange)

Table 13: ETIP SNET RM 2020-2030 - Expected budgets for Research Areas (RA)

Table 14: EU instruments developed under Horizon Europe to support ETIP SNET R&I 2020-2030 

Table 15: FUNCTIONALITIES for the Integrated Energy System 2030

Table 16: Research Areas

Table 17: Six Research Areas (RA) with Research Sub-Areas (RSA)

Table 18: RM Period 2020-2030 with number of Research (red) and Demonstration (orange) Tasks 
and expected budgets (number of Research and Demonstration Tasks is proportional to visible red 
and orange areas; total budget: the higher the budget, the darker the background)

15

16

19

43

44

45

46

52

58

64

70

78

82

89

92

93

95

124



29

ETIP SNET R&I Roadmap 2020-2030
Introduction

I.
Introduction

The present ETIP SNET R&I Roadmap 2020-2030, 
together with its four planned detailed Implementation 
Plans 2021-2024, 2023-2026, 2025-2028 and 2027-
20307, addresses the framework in which the European 
energy system shall develop along the path toward the 
goal of a full decarbonisation by 2050. In particular it 
focuses on the intermediate step of 2030, identifying 
the system FUNCTIONALITIES to be ensured and 
considers the related tasks that need to be solved during 
the next decade to enable the FUNCTIONALITIES and 
to prepare for the further steps toward 2040 and 2050. 

Details of the immediate R&I activities (i.e. for the next 
IP time period 2021 until 2024) are described in the ETIP 
SNET Implementation plan 2021-2024. The ETIP SNET 
R&I Roadmap is planned to be updated every four years 
and is valid for a time frame of approximately 10 years. 

This ETIP SNET Roadmap can also support the EC and 
national authorities in the process of R&I Project Calls 
and the definition of deployment instruments. Also, it 
can enable the R&I project proposers to make highest 
impact proposals with goals and results to be achieved 
within the timeframe of the funded R&I projects.

As visualized in Figure 3, chapter II describes the 
evolution of the energy system, starting from the present 
day towards 2030 and 2050. The ETIP SNET Vision 
20508 gives insights into the evolution of the energy 
system and its stakeholders towards 2050 - with the 
electricity system as the backbone. In addition, with the 
support of several analytical and European scenario 
documents, this chapter II gives indications on societal 
evolutions related to the sustainability, affordability and 
security of supply of the energy system by 2050. 

Chapter III, in direct connection to the ETIP SNET Vi-
sion 2050 building blocks, describes the FUNCTION-
ALITIES needed for the European energy systems to 
achieve the “2030 Climate and Energy Framework” 
goals. To have these FUNCTIONALITIES successfully 
implemented in parts of the European energy system, 
R&I activities (R&I comprising research and  Demon-
stration/Pilots) must be undertaken and finished by ap-
proximately 2027 with the idea that three more years 
remain for full deployment to reach 2030 goals. 

7 As stated in the ETIP SNET Vision 2050 (see Chapter “ETIP 
SNET CALL FOR ACTION”, page 48), the Implementation Plans 
set Europe’s R&I priorities for a smarter energy transition as 
specified in this ETIP SNET 10-year R&I Roadmap. Such plans 
have a time horizon of approximately four years, presenting the 
TOPICS for the most urgent Research and Demonstration tasks 
and their related Functionalities. 
8 https://www.etip-snet.eu/etip-snet-vision-2050/

Chapter III discusses what research areas and tasks 
are needed to achieve the 2030 FUNCTIONALITIES 
and goals. It gives insights into budgetary requirement 
for the various research areas during the time period 
2020-2030. With the described research, demonstration 
and deployment needs 2020-2030, ETIP SNET lays 
the foundation for the upcoming four-year ETIP SNET 
Implementation plan 2021-2024 with detailed proposals 
for TOPICS using the tasks defined in this roadmap with 
the goal to achieve the required FUNCTIONALITIES by 
2027 and their full implementation by 2030.

Chapter IV also presents a panorama of funding instru-
ments that can be leveraged to make the R&I activities 
addressed in this roadmap happen.

Chapter V concludes this ETIP SNET R&I Roadmap 
2020-2030 with a set of recommendations.
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Figure 3: Structure of the ETIP SNET R&I Roadmap 2020-2030 
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II.
Description of 
the Evolution of 
the High-Level 
Functionalities:
The Path to the 
Energy System 2050

The European Union has committed, in compliance 
with the engagements undersigned within the Paris 
agreement9, to undertake action to keep global 
warming of the planet well below 2°C above pre-
industrial levels. According to Intergovernmental 
Panel on Climate Change (IPCC), reaching this goal 
is still possible if action is taken urgently, so that net 
zero global greenhouse gases (GHG) emissions are 
reached by 2070, and negative emissions characterize 
the rest of the century. In order to avoid temperature 
overshoot above the objective and to minimize the 
amounts of net negative emissions10 necessary by 
the end of the century, net zero GHG emissions must 
be globally reached already by 2050, i.e well before 
2070. Through the communication “European 2050 
Low Carbon Economy Roadmap”11 the European 
Commission demonstrated that the target is achievable 
and affordable, in the appropriate context, to reduce 
domestic EU GHG emissions by 80% by 2050 
compared to 199012, with an intermediate milestone 
of reducing by 40% by 2030. The energy system has 
a major role to play in this context, not only for its 
potential to rapidly lower its own emissions, but also 
to compensate residual GHG emissions from other 
sectors, less prone to a full decarbonisation and to 
correct for possible temperature overshoots. 

In line with this approach, the ETIP SNET has issued 
a Vision 2050 which considers “A low-carbon, secure, 
reliable, resilient, accessible, cost-efficient, and market-
based pan-European Integrated Energy System 
supplying all of society and paving the way for a fully 
carbon-neutral circular economy by the year 2050, while 
maintaining and extending global industrial leadership 
in energy systems during the energy transition”.

Europe has, since long, been a global leader in this 
context, confirming through real policy and action, its 
strong attention towards the global picture when set-
ting its own climate action targets. The EU climate and 
energy policies contributed significantly to global action 
and awareness on climate change, adopting proactive 

9 https://ec.europa.eu/clima/policies/international/negotiations/par-
is_en
10 In order to restrain the cumulated global GHG emissions under 
a certain limit, it may be necessary to adopt measures to substract 
GHG from to global balance: exampes can be CO2 sinks, use of 
CCS techniques on biomass power plants etc. 
11 Communication from the Commission, A Roadmap for moving 
to a Competitive Low Carbon Economy in 2050. COM(2011) 112 
final
12 The overall target addressed by the EC is related to the entire 
economical system. ETIP SNET in its vision indicates higher tar-
gets, because they are related to the energy system alone. 

measures and demonstrating how to address the chal-
lenge. Between 1990 and 2017, data indicate a total 
emission decrease of 22%, while the EU’s combined 
GDP grew by 58%13, which implies an actual decou-
pling between economic growth and carbon-intensive 
energy consumption.

EU policies on the way to 
the Paris objectives
The first explicit energy and climate policy package that 
addressed emissions reduction at the same time as 
energy sector reform was the 20-20-20 targets launched 
in 2007, with the EU Emissions Trading System (EU 
ETS) improvements, the Renewable Energy Directive14, 
the Energy Efficiency Directive15 as well as the 3rd 
package of energy market liberalisation16. Strategic 
roadmaps, based on a consistent analytical framework, 
have been developed and were instrumental in setting 
the EU on track with the United Nations agenda, setting 
2030 targets and exploring the long-term perspective. 
Since the publication of the 2017-2026 ETIP SNET 
R&I Roadmap, a series of outstanding documents re-
shaping the European legislative framework has been 
published, first of all the “2030 Climate and Energy 
Framework”, updated in 2018.

13 https://ec.europa.eu/transparency/regdoc/rep/1/2018/EN/COM-
2018-716-F1-EN-MAIN-PART-1.PDF
14 Directive 2009/28/EC OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL of 23 April 2009 on the promotion of the 
use of energy from renewable sources and amending and subse-
quently repealing Directives 2001/77/EC and 2003/30/EC
15 Directive 2012/27/EU of the European Parliament and of the 
Council of 25 October 2012 on energy efficiency, amending Di-
rectives 2009/125/EC and 2010/30/EU and repealing Directives 
2004/8/EC and 2006/32/EC Text with EEA relevance
16 Directive 2009/72/EC of the European Parliament and of the 
Council of 13 July 2009 concerning common rules for the internal 
market in electricity and repealing Directive 2003/54/EC
REGULATION (EC) No 713/2009 OF THE EUROPEAN PARLIA-
MENT AND OF THE COUNCIL of 13 July 2009 establishing an 
Agency for the Cooperation of Energy Regulators
REGULATION (EC) No 714/2009 OF THE EUROPEAN PARLIA-
MENT AND OF THE COUNCIL of 13 July 2009 on conditions for 
access to the network for cross-border exchanges in electricity and 
repealing Regulation (EC) No 1228/2003
REGULATION (EC) No 715/2009 OF THE EUROPEAN PARLIA-
MENT AND OF THE COUNCIL of 13 July 2009 on  conditions  for  
access  to  the  natural  gas  transmission  networks  and  repealing  
Regulation  (EC) No 1775/2005

https://ec.europa.eu/clima/policies/international/negotiations/paris_en
https://ec.europa.eu/clima/policies/international/negotiations/paris_en
https://ec.europa.eu/transparency/regdoc/rep/1/2018/EN/COM-2018-716-F1-EN-MAIN-PART-1.PDF
https://ec.europa.eu/transparency/regdoc/rep/1/2018/EN/COM-2018-716-F1-EN-MAIN-PART-1.PDF
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Clean energy for all Europeans

The “Clean energy for all Europeans” package adopted 
by the EU Council on May 22nd 2019, addresses all 5 
dimensions of the Energy Union: Energy security; the 
internal energy market; energy efficiency; decarbon-
ization of the economy; and: research, innovation and 
competitiveness. It is composed primarily of the follow-
ing elements:

1.	 Energy efficiency first: the revamped directive 
on energy efficiency sets a new, higher target of 
energy use for 2030 of 32.5%, and the new En-
ergy Performance of Buildings Directive max-
imizes the energy saving potential of smarter 
and greener buildings.

2.	 More renewables:  an ambitious new target 
of at least 32% in renewable energy by 2030 
has been fixed, with specific provisions to 
foster public and private investment, in order 
for the EU to maintain its global leadership on 
renewables.

3.	 A better governance of the Energy Union: A 
new energy rulebook under which each Member 
State drafts National Energy and Climate 
Plans (NECPs) for 2021-2030 setting out how 
to achieve their Energy Union targets, and in 
particular the 2030 targets on energy efficiency 
and renewable energy. These draft NECPs are 
currently being analysed by the Commission, 
with country-specific recommendations to be 
issued before the end of 2020.

4.	 More rights for consumers:  the new rules 
make it easier for individuals to produce, 
store or sell their own energy, and strengthen 
consumer rights with more transparency on 
bills, and greater choice flexibility.

5.	 A smarter and more efficient electricity 
market: the new laws will increase security of 
supply by helping integrate renewables into the 
grid and manage risks, and by improving cross-
border cooperation.

The “Clean Energy for All Europeans” has been 
translated into detailed legislation, in particular for 
the “Market Design” which introduces new provisions 
closely related to the digitalisation of the electricity 
sector. The provisions stand within the newly 
adopted “Electricity Directive on demand response, 
dynamic prices, flexibility procurement, access to 
data, interoperability and data management”. The 
“Energy Performance of Buildings Directive” promotes 
digitalisation of buildings through the establishment of 
a smart readiness indicator for buildings and through 
the introduction of requirements for the deployment 
of recharging infrastructure for electric vehicles. For 
heating and cooling, the revised “Energy Efficiency 
Directive” requires a transition to remote readable 
metering devices in district heating and cooling 
networks and in sub-metering systems within multi-
apartment and multi-purpose buildings.

A clean Planet for all – A European 
strategic long-term vision for a 
prosperous, modern, competitive and 
climate neutral economy

This legislative package leverages the work of the 
EU Commission reported in the Communication 
COM (2018) 773 “A clean Planet for all – A European 
strategic long-term vision for a prosperous, modern, 
competitive and climate neutral economy” and the “In 
depth analysis in support to the Communication”, both 
issued in November 2018. Here the EU Commission 
presented its long-term strategy, on how Europe can 
lead the way to climate neutrality, by investing into 
realistic technological solutions, empowering citizens 
and aligning action in key areas, such as industrial 
policy, finance and research, while ensuring social 
fairness for a just transition.

In the frame of a comprehensive sectoral and econo-
my-wide analysis of the low-carbon and energy trans-
formation pathways, a chapter is dedicated to the Ener-
gy supply issue: The Carbon Capture and Use options, 
the Electricity and heat sectors and the new energy car-
riers and storage technologies are elements of “Sector 
coupling”, i.e. the linking of the energy (electricity, gas 
and heat), transport and industrial infrastructures. They 
show –together with storage - the potential to make the 
energy transition faster and more cost-effective.

Figure 4: The future Integrated Energy Systems with Conversion, Storage between 
Energy Carriers, their networks and Electricity Networks as its backbone (Source: ETIP 
SNET Vision 2050)

Renewable 
Electricity

Hydro, Solar, Wind, 
Geothermal, Marine

ENERGY 
GENERATION

ENERGY 
CONSUMPTION

INTEGRATED 
ENERGY 
NETWORKS 
WITH STORAGE

Renewable 
Electricity/Heat

Biomass, Biogas,
Solar

Renewable 
Heat&Cooling

Solar, Geothermal, 
Marine

Renewable Gas
Biomass, Biogas

Renewable Fuel
Biofuels

Nuclear

Households Tertiary 
Sector

Industry Agriculture Ground Transport Maritime, Aviation

ELECTRICITY 
NETWORKSStorage (Batteries, 

Hydro reservoirs, etc.) 
for electricity release

Liquid fuel storage

Gas storage

GAS 
NETWORKS

Heating & Cooling 
storage

THERMAL 
NETWORKS

LIQUID FUEL 
NETWORKS

Non-circular

Power to Liquids
(PtL)

Power to Heat 
(PtH)

Gas to Heat (GtH)

Gas to Power
(GtP)

Power to Gas
(PtG)



36 37

ETIP SNET R&I Roadmap 2020-2030
Description of the Evolution of the High-Level Functionalities: The Path to the Energy System 2050

ETIP SNET R&I Roadmap 2020-2030
Description of the Evolution of the High-Level Functionalities: The Path to the Energy System 2050

This integration will build on the interdependency of 
the energy transformation sectors (power, heating, 
new fuels production) with industry, mobility, build-
ings and the energy-using activities. It will allow the 
effective integration of the variable, non-programma-
ble RES, that will be the predominant energy sources 
after 2030. Key factors for the success of this integra-
tion are identified in the Digitalisation and in a “smart” 
regulatory framework.

The document “A clean Planet for all” analyses 
transition “enablers”: The technology development 
(both new carbon-neutral fuels and energy efficiency) is 
the main enabler for the transition, while the costs and 
the large-scale technology deployment constraints are 
the main challenge. The most important single driver 
for the transition to a de-carbonized energy system 
is the growing role of electricity, both in the supply of 
alternative fuels and in the final uses. This will imply, 
however, a paradigm shift, from electricity production 
following demand to a largely meteorologically driven 
generation. Storage will be also a key enabler, both at 
a central level and distributed for flexible consumers. 
The significant increase in power generation capacity 
and the development of energy-related infrastructures 
will make the spatial planning –and the necessary 
citizen and local authorities’ engagement- another key 
element of the transition.

Development scenario 
for the European Energy 
System to 2050
Several studies and scenarios17 depict the possible 
technological, economic, societal pathways for a 
full decarbonisation of the European energy system 
along different time horizons. Among them, recently 
published studies18 offer support and guidelines to the 
present Roadmap, depicting and analysing integrated 

17 World Economic Forum, “The future of Electricity”, REF 
030317, 2017; World Energy Council, “World Energy Scenarios 
– Composing energy future to 2050”, 2013; ASSET Project, “A 
foresight perspective of the electricity sector evolution by 2050”, 
December 2017; Capgemini, “World Energy Market Observatory”, 
19th edition, 2017
18 “A Clean Planet for all A European long-term strategic vision 
for a prosperous, modern, competitive and climate neutral econo-
my” - In-Depth Analysis In Support Of The Commission Commu-
nication COM(2018) 773 - Brussels, 28 November 2018: https://
ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_
analysis_in_support_en_0.pdf

system development scenarios towards the objective 
(2050), with intermediate sustainable and realistic 
milestones (2030).

The key elements for the decarbonisation of the energy 
system, as discussed by the analytical scenarios 
considered19, are founded on a gradual, yet significant, 
change from the current situation to reach, by 2050, a 
full decarbonisation of the energy system. Remaining 
emissions, that cannot be abated by 2050, will need to 
be balanced out with negative emissions. Technology 
options for further decarbonising the energy sector 
are, to a large extent, available although at different 
levels of readiness (TRL): some of them are ready for 
commercialisation and adoption. 

The building blocks paving the path towards 
decarbonisation comprise and further elaborate most 
of the elements of the ETIP SNET Vision 2050 and can 
be summarised as follows:

•• A very extensive electrification in (nearly) all 
sectors of the energy system20;

•• Deep energy efficiency improvements in all 
sectors21;

•• Extensive use of carbon neutral fuels (and hy-
drogen in industry, power generation, transport 
and buildings22);

•• Adoption of a widely circular approach with 
high re-using, repairing, refurbishing and recy-
cling rates23;

19 The pathway of decarbonisation described in this Roadmap 
considers the main elements of the most challenging scenarios 
of [15]. In fact, the most important elements having an impact 
on the R&I needs are common to all scenarios. For the sake of 
completeness, specific reference is made to the scenario named 
“1.5 LIFE” which is mostly in line with ETIP SNET vision as it 
considers not only the energy and emission targets but also the 
societal targets for Europe. 
20 As stated in the ETIP SNET Vision 2050: “[.] The electrification 
of Europe’s energy systems will be the backbone of its societies 
and markets [.]”;
21 this aspect is considered in the ETIP SNET Vision 2050, which 
states: “[.] The 2050 energy system will use overall less energy 
than today, due to energy efficiency for instance in industry and 
in buildings [.]”;
22 this concept is illustrated in the ETIP SNET Vision 2050 by: 
“Europe’s security of energy supply is ensured mainly by mini-
mising fossil-fuel imports thanks to energy efficiency policies, the 
production of low-carbon fuels within Europe [.]“
23 the ETIP SNET Vision 2050, in fact, considers that “all the 
components of energy generation, storage, transmission and dis-
tribution, and consumption be designed and manufactured to be 
almost fully recyclable”;

•• Sustainable buildings – Net Zero Emissions 
Buildings (NZEB)24;

•• Progressive societal changes, considering 
the shift of business and consumption patterns 
towards a more circular economy, increase 
in climate awareness of citizens translating in 
lifestyle changes and consumer choices more 
beneficial for the climate: less carbon intensive 
diets, sharing economy in transport, mobility as 
a service, alternatives to air travel, more rational 
use of energy demand for heating and cooling;

•• Widespread digitalisation: digital technolo-
gies25 represent the widest and more extensive 
innovation also in the frame of the fully decar-
bonised energy system: most integrated tech-
nologies will model, simulate, monitor, observe, 
control, enable services and protect the smart 
supply and use of energy. Internet of Things 
(IoT), Industrial Internet of things (IIoT), big data, 
blockchain, artificial intelligence, machine-based 
learning, digital twin and other developments, all 
present in the system, will change the energy 
system planning and operation and transform the 
energy markets.

The main outcomes of the scenario are briefly illustrated 
in the following, first dealing with the global energy 
system and then with a focus on electricity.

24 an entire chapter of the ETIP SNET Vision 2050 is dedicated to 
the efficient use of energy, with special reference to heating and 
cooling of buildings
25 DIGITALISATION OF THE ENERGY SYSTEM AND CUS-
TOMER PARTICIPATION: Description and recommendations of 
Technologies, Use Cases and Cybersecurity ETIP SNET Position 
Paper - https://www.etip-snet.eu/wp-content/uploads/2018/11/
ETIP-SNET-Position-Paper-on-Digitalisation-short-for-web.pdf

The energy system 
transition towards 205026

The supply for all energy system needs is nearly de-
carbonised by 2050: complying with the commitments 
of the Paris agreement, the European Energy Union 
has actively worked to translate its decarbonisation tar-
gets into a concrete legislation. In terms of renewable 
energy, the Union should retain and reinforce its world 
leadership. This is not only a matter of security of sup-
ply and responsible climate change policy: it is also an 
industrial policy imperative to fully exploit the European 
green growth potential. The target of at least 32% of 
renewable energy in gross final energy consumption in 
2030 is supported by ambitious measures addressing 
untapped potential for renewables in heating, cooling 
and transport. Measures must be put in place to facili-
tate the participation of citizens in the energy transition 
through the establishment of energy communities and 
the enhancement of the sustainability of bioenergy. A 
significant revision of electricity market rules underpins 
the European Union’s ambition to further boost pene-
tration of renewables in the power system.

In the perspectives towards 2050, in terms of energy 
mix to cover the gross inland consumption, the Eu-
ropean energy system will continue its progression 
towards renewables, moving away from fossil fuels. 
Fossil fuels that will remain in the system will be, to a 
large extent, assigned to non-energy uses, i.e. used as 
raw material in the industry (e.g. to produce plastics). 
Solid fossil fuels shall totally disappear from the energy 
system. The share of natural gas (excluding non-en-
ergy uses) will remain stable, close to 20%, until 2030, 
and will decrease more sharply, reaching less than 
5% by 2050. Importantly, natural gas will partially be 
substituted by carbon neutral gas (i.e biogas, syngas 
etc.), which then represents 4%-6% of the gross inland 
consumption in 2050. Overall, the decreasing roles of 
fossil oil and natural gas in the energy mix will contrib-
ute to improving the security of fuel supply of the EU. 

26 The references for the figures considered in the path to 2030 
are taken from “The pathway of decarbonisation” described in 
this Roadmap. It considers the main elements of the most chal-
lenging scenarios [“A Clean Planet for all A European long-term 
strategic vision for a prosperous, modern, competitive and climate 
neutral economy” - In-Depth Analysis In Support Of The Com-
mission Communication COM(2018) 773 - Brussels, 28 Novem-
ber 2018: https://ec.europa.eu/clima/sites/clima/files/docs/pages/
com_2018_733_analysis_in_support_en_0.pdf]. Specific refer-
ence is made to the scenario named “1.5 LIFE” which is mostly in 
line with ETIP SNET Vision 2050 as it considers not only the en-
ergy and emission targets but also the societal targets for Europe.

https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://www.etip-snet.eu/wp-content/uploads/2018/11/ETIP-SNET-Position-Paper-on-Digitalisation-short-for-web.pdf
https://www.etip-snet.eu/wp-content/uploads/2018/11/ETIP-SNET-Position-Paper-on-Digitalisation-short-for-web.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
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In the long term, carbon-neutral gases and liquids may 
contribute in a sustainable way to grid stability and 
permanent security of supply. The share of nuclear 
energy in gross inland consumption (14% in 2015) 
will remain stable or will increase slightly. The share of 
renewables will increase swiftly, from 13% in 2015 
to 25% in 2030, and will exceed 60% in 2050. The 
integration of such high shares of variable renewables 
will require significant system optimisation especially 
at distribution level (demand-side response, storage, 
interconnections, distributed generation and prosumers). 
The future energy system will have to rely on much better 
balancing capacities, including:

•• better interconnections on all grid levels, ex-
tending pan-European, national electricity grids 
and connection to neighbouring areas with high 
renewable potential that would improve the 
match between supply and demand and unlock 
the potential of large offshore wind farms (e.g. 
in the North Sea) or solar energy (e.g. in the 
south of Europe);

•• more storage capabilities, helping to match de-
mand and supply more locally and over multiple 
time frames;

•• better demand response, with special reference 
to the potential from the residential sector; 

•• low carbon flexible generation units (e.g. geo-
thermal, biomass);

•• effective enegy conversion (PtX) options and in-
tegration of different energy vectors (electricity, 
gas, heating/cooling, water etc.).

Energy efficiency – the new fuel: one of the major 
driving forces for the achievement of the GHG emission 
reduction lays on energy efficiency. EU energy 
consumption gradually decreased between 2006 (its 
highest point) and 2014, with the primary consumption 
reducing by 12% over the period (-1.5% per year) 
and the final demand reducing by 11% (-1.4% per 
year). Here again, the European legislation motivates 
continuous improvements. 

In 2050 the reduction of final energy demand by up 
to around 50% with respect to 2005 (according to 
COM(2018)773) builds on all technology solutions but 
also couples them with consumer choice that further 
reduces energy demand. Such significant reductions 
of the final demand and highly energy efficient solu-

tions that also contribute to the energy efficiency from 
the supply side, such as cogeneration, or electrification 
of heat and transport, confirm the large potential for 
energy demand moderation and opportunities for the 
development of dedicated industries and services.

Electricity as the dominant energy carrier: Electricity 
becomes the dominant energy carrier and its share 
grows strongly, from 22% in 2015 to 29% in 2030 and 
then, in 2050, exceeds 50%. Deployment of carbon-free 
energy sources in power generation makes electricity 
a carbon-free energy carrier. As it is a versatile carrier 
usable for most of the final energy uses, increased 
electrification takes place in transport, residential and 
industrial applications compared to levels achieved in 
2030. In 2050, transport sees the most spectacular 
development of electricity use, which expands up 
to 10-fold compared to 2015 and 4-fold compared to 
2030. Residential sector and industry also go through 
increased electrification, respectively increasing 
electricity use in 2050 (compared to 2030) by more 
than 30% in residential and up to 50% in industry. The 
further penetration of electricity in the tertiary sector is 
more limited – up to 25%. 

Evolution of Distributed Heating and Cooling: Dis-
tributed Heating and Cooling is another energy carrier 
that today accounts for only 4% of final energy con-
sumption. It is today mostly delivered by large CHP 
plants for district heating and is largely based on fossil 
fuels. Over the period up to 2050 district heating and 
cooling for buildings and distributed industrial heat 
(mostly delivered from co-generation) will increase 
by more than 50% using renewable fuels, such as 
biomass, biogas, geothermal heat and electricity as 
energy sources, since the fossil fuels shall be phased 
out post 2030.

New energy carriers: In addition to electricity, new 
carriers are being considered in energy and industrial 
applications where it is difficult to replace fossil fuels 
(because of the chemical and physical properties 
sought). Hydrogen (H2) and its carbon derivatives 
obtained by reaction with CO2 like carbon-neutral gas 
(carbon neutral-CH4) and carbon neutral liquids are 
considered as possible options for decarbonisation of 
transport, buildings, industry and in power generation. 
These new carriers, to be themselves considered as 
carbon-free, will have to rely in particular on availability 
of carbon-free electricity. Hydrogen (and other carbon-
neutral gases and liquids) can gradually take the role 
of an energy vector beyond its potential role as a 
chemical storage of electricity and could be used in 

flexible power plants when the short-term demand is 
higher than the renewables-based electricity supply. In 
particular, in a power system largely based on variable 
renewable sources, hydrogen could be produced at 
times of low electricity demand providing additional 
flexibility. Hydrogen can be blended with natural 
gas so as to make use of the existing gas transport 
infrastructure up to 15% (or 20% in the future) by 
volume; in the mid-term the existing gas infrastructure 
will be retrofitted to enable the transport of a higher 
share of renewable gas. Hydrogen can also be stored 
at large scale, e.g. in salt caverns and other facilities or 
converted to synthetic hydrocarbons by reacting, using 
electricity, with CO2. Carbon neutral fuels have the 
advantage that, once produced, they can be distributed 
via existing transmission/distribution systems and 
used by existing installations/applications. 

Sector coupling: Many of the energy technologies, 
infrastructures and sectoral systems (electricity, gas, 
heat and transport) can further optimise their contri-
bution to decarbonisation when being coupled or inte-
grated among sectors allowing the best possible use 
of the available resources, the avoidance of stranded 
assets, and the best information base for decisions 
on investments. Sectoral integration refers to, for in-
stance, linking the energy, transport and industrial 
infrastructures with a view to increase the penetra-
tion of renewable energy sources and decarbonise 
the economy. Sectoral integration and coupling of 
electricity, gas, heat and cooling impacts the energy 
system at several levels: physical and cyber-physical 
layer (i.e. new technologies and ICT solutions), func-
tions and services (e.g. for business, for consumers), 
market (regulation, transactions). Sectoral integration 
also means that action in one sector is heavily depen-
dent on other sector(s). For instance, decarbonisation 
of heating via electrification will not happen unless 
power generation decarbonises. This integration will 
build on the interdependency of energy transformation 
sectors (power, heating, production of new fuels) with 
industry, mobility, buildings sector, and other energy 
using activities. There are, however, multiple ways to 
substitute heating without electrification such as by 
burning biomass.

Efficient energy markets: The energy transition 
requires efficient energy markets that provide a 
level playing field for all stakeholders involved, non-
discriminatory open access, and preclude cross-
subsidies. To this aim: energy markets provide 
coherent price signals for required investments, 
consumers of any size can access directly or indirectly 

energy markets to sell (as prosumers) and buy energy, 
power capacity and flexibility services to satisfy their 
needs via low-cost, cyber-secure communication 
and Internet services, flexible energy storage, power 
conversion and demand flexibility play a key role as 
products and services; in energy markets. Compatible 
market platforms are implemented to ensure the data 
exchange between all market players using open, 
transparent and standardized interfaces. 

Regulatory evolution: The “Clean energy for all 
Europeans” package adopted by the EU Council on 22 
May 2019 addresses the major changes required in the 
energy market structure and operation. More work will 
be needed as long as challenges will emerge during 
the evolution of the new energy system, especially 
when the penetration of renewables will be so high that 
centralised measures for stabilizing and balancing the 
system alone will not be feasible anymore. With the 
increasing presence of DERs on the distribution network, 
the definition of new roles, regulatory framework and 
market design for the provision of grid services that 
have to be the result of a coordinated action among all 
the stakeholders: customers, DSOs and TSOs. This is 
essential to further enhance cooperation among TSOs, 
DSOs and market participants (including consumers) 
all along the value chain of procurement of balancing, 
congestion management and ancillary services.

Resilience: The required automation and digitalisation 
of power network operation should not increase the 
system vulnerability (i.e. exposure to cyber-attacks, 
which could jeopardize security of supply and/or the 
data privacy of consumers). Adequate solutions should 
be developed to make the system more resilient against 
attacks and other failures. Cyber security represents 
a new, emerging dimension of the energy security 
sphere that the plans required under the Regulation on 
gas security of supply and the Regulation on electricity 
risk preparedness should address. Member States are 
encouraged to identify other types of risks, such as 
those associated with raw material supply, the impacts 
of climate change or accidental, man-made, natural or 
terrorist threats to critical energy infrastructure, in the 
perspective of an approach to resilience. 
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Focus on the electricity 
system 
Electricity demand will increase significantly by 
205024. Increased electrification will take place in 
most sectors compared to levels achieved in 2030. 
As stated above, transport will be widely affected by 
electrification. Residential and industry also go through 
increased electrification, respectively increasing elec-
tricity use in 2050 (compared to 2030) by up to 30% 
in residential and up to 50% in industry. The further 
penetration of electricity in the tertiary sector will be 
more limited – up to 25%, where electrification is coun-
terbalanced by energy efficiency improvement in this 
sector. In addition to increased final demand of elec-
tricity, the development of carbon neutral fuels also 
creates a new need for electricity supply. As a conse-
quence of both changes in the final energy demand 
and the production of carbon neutral fuels, the gross 
electricity generation in 2050 will double when com-
pared to 2030. The additional electricity demand will 
be satisfied by production using resources from the EU 
territory, mostly local wind and solar, but also nuclear. 

The overall net installed electricity capacities will 
reach in 2050 around 2500 GW, more than doubling 
the value of 2015 (985 GW) and nearly doubling 
that foreseen for 2030 (1250 GW). The changes in 
electricity generation mix illustrate the strong shift 
towards carbon-neutral or carbon-free energy 
sources, in a context of overall increase in electricity 
production. Fossil fuels, which represented 43% of 
the electricity production in 2015, become marginal 
contributors in the decarbonised power system. In 
fact, by 2050, natural gas will be the only fossil fuel 
left in the mix, with a share (of the production) falling 
from 16% in 2015 to 12% in 2030 and then in 2050 
to between 5% and 1%. Renewables will become 
increasingly competitive: the share of renewables 
in gross electricity generation will reach 81%-85% in 
2050 (compared to 57% in 2030 and 30% in 2015) and 
remain at this level afterwards. Among renewables, 
wind is clearly the dominant technology, representing 
in 2050, 50-55% of the yearly electricity production. 
The share of solar energy grows from 3% in 2015 to 
11% in 2030 and up to 15-16% in 2050. Households, 
collectives, small and medium-size enterprises (SMEs) 
and public entities may play an outstanding role in the 
production of renewable electricity. Up to 1500 TWh 
(equivalent to 32% of electricity production) of solar PV 
and wind power may be produced by these stakeholder 

groups by 2050. The share of biomass and waste 
will remain quite stable over the period (7-8% with 
significant development of BECCS27). Hydro and 
pumping hydropotential will be developed as much 
as possible due to its actual characteristics: renewable, 
cost efficient, energy efficient and fully dispatchable. 
The nuclear energy share in 2050 will remain close 
to 10-15%, compared to 26% in 2015. The gas network 
will progressively be decarbonised using low-carbon 
and carbon-neutral of carbon-free gases. Hydrogen 
will provide important services as a chemical storage. 

While electricity supply grows, electricity storage 
plays an increasingly prominent role: the deployment 
of renewables is facilitated by the possibility of storage 
in pumped hydro plants, stationary and mobile (in 
EVs) batteries and, indirectly, in hydrogen and carbon-
neutral-fuels in connection with flexible generation as 
well as via demand side management. The amount of 
electricity to be stored in 2050 increases some 10 times 
compared to 201528, while at the same time demand 
for electricity, including for production of carbon neutral 
fuels (where applicable), increases between one third 
and nearly 1.5 times. Electricity from renewables 
increases between roughly 3 and 6 times over the same 
period. The considerably increased storage systems, 
including the power-to-X units, operate following a 
pattern that help increasing the share of renewables, as 
they not only provide possibilities for locally balancing 
the more volatile demand and production of energy 
but could also be used to maintain power quality and 
frequency stability. The amount of storage necessary 
by 2050 to cope with the requests linked with RES 
integration in electricity amounts to 250 TWh. In terms 
of electricity storage in the form of pumped hydro 
storage or stationary batteries grows from 30 TWh 
today to 70 TWh in 2030 up to 170 TWh in 205029. 
Stationary batteries may play a larger role in the future, 
growing from 40 TWh in 2030 (from negligible amounts 
today) to 110 TWh, especially if one considers limited 
development of carbon neutral fuels. 

27 Bio-energy with carbon capture and storage
28 A Clean Planet for all - A European long-term strategic vision 
for a prosperous, modern, competitive and climate neutral econo-
my” - In-Depth Analysis In Support Of The Commission Commu-
nication COM(2018) 773 - Brussels, 28 November 2018 https://
ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_
analysis_in_support_en_0.pdf
29 A Clean Planet for all - A European long-term strategic vision 
for a prosperous, modern, competitive and climate neutral econo-
my” - In-Depth Analysis In Support Of The Commission Commu-
nication COM(2018) 773 - Brussels, 28 November 2018 https://
ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_
analysis_in_support_en_0.pdf

Some long-term scenarios suggest that about 83% of 
all EU households could be actively supporting the de-
ployment of renewables, either by producing energy 
themselves or by providing the flexibility services for 
better local balancing of demand and productions and 
decentralized power network operation. Interconnec-
tions between national markets represent the missing 
link for completing the Union internal electricity market, 
ensuring security of supply, reaping the full potential of 
renewable energy sources, and facilitating sector cou-
pling and integration.

https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf
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III.
The ETIP SNET 
R&I Roadmap 
2020-2030

The ETIP SNET R&I Roadmap 2020-2030 addresses various concepts specified in the paragraphs below:

The ETIP SNET VISION 205030 details specific goals and BUILDING BLOCKS, constituting the ground for defining 
the specifications of further research and innovation activities required to meet the energy transition. The Vision 2050 
defines 5 BUILDING BLOCKS which are associated to the 12 FUNCTIONALITIES to be developed in details below.

The Year 2030 FUNCTIONALITIES are to be realised by 2030 in the European energy system to reliably operate 
the transition towards 2050. They are based on climate-science, integrated energy-system science insights. Most of 
them have been translated during the recent decade and most recently by the European Clean Energy Legislation 
into corresponding legal requirements on the society. The implementation of these FUNCTIONALITIES in the ener-
gy system 2030 is urgently needed and requires preceding research, small-scale pilots and large-scale demonstra-
tions and finally, deployment of products and services to enable the replicated, scaled-up real-world implementation 
of these FUNCTIONALITIES in the period until 2030.

30 ETIP SNET VISION 2050 Integrating Smart Networks for the Energy Transition: Serving Society and Protecting the Environment, June 
2018

Table 4: Building blocks of the ETIP SNET Vision 2050 and their association to the 
FUNCTIONALITIES of the ETIP SNET R&I Roadmap

The ETIP SNET 
BUILDING BLOCKS

BUILDING
BLOCK 1

The efficient 
organisation of 
energy systems

BUILDING
BLOCK 2

Markets as 
key enablers 
of the energy 

transition

BUILDING
BLOCK 3

Digitalisation 
enables new 
services for 
Integrated

Energy Systems

BUILDING
BLOCK 4

Infrastructure 
for Integrated 

Energy Systems 
as key enablers 
of the energy 

transition

BUILDING
BLOCK 5
Efficient 

energy use

Associated  
FUNCTIONALITIES F1, F2, F3 F4, F5 F6 F7, F8, F9 F10, F11, F12
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Table 5: FUNCTIONALITIES31 for the Integrated Energy System 2030

Building blocks 
(ETIP SNET Vision 
2050)

FUNCTIONALITY (Full name) Short FUNCTIONALITY31

The efficient 
organisation of 
energy systems

F1 Cooperation between system operators F1 Cooperation

F2 Cross-sector integration F2 Cross-Sector

F3 Integrating the subsidiarity principle - The customer at the 
center, at the heart of the Integrated Energy System F3 Subsidiarity

Markets as key 
enablers of the 
energy transition

F4 Pan-European wholesale markets F4 Wholesale

F5 Integrating local markets (enabling citizen involvement) F5 Retail

Digitalisation enables 
new services for 
Integrated Energy 
Systems

F6 Integrating digitalisation services (including data privacy, 
cybersecurity) F6 Digitalisation

Infrastructure for 
Integrated Energy 
Systems as key 
enablers of the 
energy transition

F7 Upgraded electricity networks, integrated components and 
systems

F7 Electricity Systems 
and Networks

F8 Energy System Business (incl. models, regulatory) F8 Business

F9 Simulation tools for electricity and energy systems 
(software) F9 Simulation

Efficient energy use

F10 Integrating flexibility in generation, demand, conversion 
and storage technologies F10 Flexibility

F11 Efficient heating and cooling for buildings and industries 
in view of system integration of flexibilities F11 Heating & Cooling

F12 Efficient carbon-neutral liquid fuels & electricity for 
transport in view of system integration of flexibilities F12 Transport

31 The 12 Functionalities have been derived from the building blocks of the ETIP SNET Vision 2050.
32 The “Short FUNCTIONALITY Name” is used in the tables for space reasons.

Research Areas (RA) and 
Research Sub-Areas (RSA)
These FUNCTIONALITIES which are to be 
implemented for the real-world Integrated Energy 
System by the year 2030, will be realized by the 
implementation of products and solutions derived 

by 120 Research and Demonstration tasks (see 
Annex II of this ETIP SNET R&I Roadmap 2020-2030) 
described by this ETIP SNET R&I Roadmap 2020-
2030. Each task is related to a Research Area (RA) 
and to a Research Sub-Area (RSA). Each task has 
impacts on one or more FUNCTIONALITIES that must 
be realised before 2030. The expected impacts of each 
task on what FUNCTIONALITIES are also indicated in 
the Annex II.

The Research areas are listed in the table below:

Table 6: Research Areas

RA No. Research Area (RA) RA-Explanation

1 CONSUMER, PROSUMER and CITIZEN 
ENERGY COMMUNITY Citizen and prosumer information, empowerment and engagement 

2 SYSTEM ECONOMICS Business models, market design and market-governance

3 DIGITALISATION
Communication and data handling for the digitalisation of energy 
systems functionalities (including Data, Cyber and System 
security)

4 PLANNING - HOLISTIC ARCHITECTURES 
and ASSETS

Energy system architectures, design and planning; technology 
solutions, asset management, maintenance; System Stability and 
resilience.

5 FLEXIBILITY ENABLERS and SYSTEM 
FLEXIBILITY

Adapting all energy components to provide flexibility to the 
system (Flexibility in Demand, Generation, Storage & Energy 
Conversion, Network, Transport).

6 SYSTEM OPERATION

System supervision, monitoring, control, reliability, resilience 
and automation (State estimation and supervision, short-term, 
medium and long-term control), and control room operators’ skills 
enforcement

Each Research Area has dedicated Research 
Sub-Areas (RSA) with associated tasks. The tasks 
were taken from the R&I-project coverage assessment 
2018 of the ETIP SNET R&I Roadmap 2017-202633. 
They were partially removed, merged, updated and 
complemented by new ones through a large stakehold-
er consultation process and then adjusted following the 
publication of the ETIP SNET R&I Implementation Plan 
2021-2024 in May 2020. Each of these newly defined 

33 In this document, experts assessed the tasks 2017-2026 and 
made suggestions of merging or modifications

tasks is part of this Roadmap. Each task has been 
mapped to a single (primary) Research Sub-area of 
the above-mentioned six Research Areas. The last col-
umn of Table 7 shows the number of tasks associated 
to each RSA.34

34 The update of this roadmap considers 120 tasks following the 
publication of the ETIP SNET R&I Implementation Plan 2021-
2024 in May 2020. The link between the 261 stakeholders tasks 
of the January 2020 version of the ETIP SNET R&I roadmap 
2020-2030 and the current version of the ETIP SNET R&I Road-
map 2020-2030 can be found at 
https://www.etip-snet.eu/wp-content/uploads/2020/05/ETIPS-
NETStakeholderTasks202001.pdf.

https://www.etip-snet.eu/wp-content/uploads/2020/05/ETIPSNETStakeholderTasks202001.pdf
https://www.etip-snet.eu/wp-content/uploads/2020/05/ETIPSNETStakeholderTasks202001.pdf
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Table 7: Research areas (RA) with Research Sub-Areas (RSA) and number of tasks per RSA

Research Areas
(RA)

Research 
Sub-Area 
Number

Research Sub-Areas
(RSA)

Number 
of tasks 

associated 
to the RSA

1. CONSUMER,
PROSUMER and
CITIZEN ENERGY
COMMUNITY

1.1 Social campaigns and social studies (related to societal acceptance 
and environmental sustainability of energy infrastructures) 3

1.2 Adaptive consumer/user behaviour including energy communities 
(interaction, incentives by dynamic tariffs) 2

1.3 Consumer and prosumer device control 2

2. SYSTEM
ECONOMICS

2.1 Business models (including Aggregators) 5

2.2 Market design and governance (Retail, Wholesale; Cross-border; 
Ancillary services; Flexibility markets) 9

3. DIGITALISATION

3.1 Protocols, standardisation and interoperability (IEC, CIM, 
Information models) 4

3.2 Data Communication (ICT) (Data acquisition, Smart Meter, Sensors 
(monitoring), AMR, AMM, smart devices) 4

3.3 Data and Information Management (Platforms, Big Data, Software, 
IoT) 2

3.4 Cybersecurity (vulnerabilities, failures, risks) and privacy 4

3.5 End-to-end architecture (integrating market, automation, control, 
data acquisition, digital twin, end-users) 3

4. PLANNING
- HOLISTIC
ARCHITECTURES
and ASSETS

4.1 Integrated Energy System Architectures (design including new 
materials and hybrid AC/DC grids) 9

4.2 Long-term planning (System development) 7

4.3 Asset management and maintenance (maintenance operation, 
failure detection, asset lifecycles, lifespan and costs, ageing) 9

4.4 System Stability analysis 7

Research Areas
(RA)

Research 
Sub-Area 
Number

Research Sub-Areas
(RSA)

Number 
of tasks 

associated 
to the RSA

5. FLEXIBILITY
ENABLERS
and SYSTEM
FLEXIBILITY

5.1 Demand flexibility (household and industry related) 4

5.2 Generation flexibility (flexible thermal, RES such as Hydro, PV and 
wind generators) 7

5.3 Storage flexibility & Energy Conversion flexibility (PtG&H, PtG, 
GtP, PtL, LtP; PtW; WtP) 5

5.4 Network flexibility (FACTS, FACDS, smart transformers and HVDC) 4

5.5 Transport flexibility (V2G/EV; railway, trams, trolleybus) 3

6. SYSTEM
OPERATION

6.1 Supervisory control and State estimation 3

6.2 Short-term control (Primary, Voltage, Frequency) 3

6.3
Medium- and long-term control (Forecasting (Load, RES), 
secondary & tertiary control: LFC, operational planning: 
scheduling/optimization of active/reactive power, voltage control)

6

6.4 Preventive control/restoration (Contingencies, Topology (including 
Switching) optimisation, Protection, Resilience) 8

6.5 Control Center technologies (EMS, platforms, Operator training, 
Coordination among Control Centers) 7

Total number of Tasks 120

The Research Areas and their Sub-Areas together 
with the associated 120 tasks are described in detail 
in the Annexes I and II of the present document. The 
main chapters of this roadmap 2020-2030 concentrate 
on the FUNCTIONALITIES (Chapter III) including the 
contributions of Research Sub-Areas (and implicitely 
their tasks, described in the Annex II) towards these 
FUNCTIONALITIES.

In the following each of the 12 FUNCTIONALITIES is 
described thereby highlighting the Why? and What? 
and describing the expected R&D path toward the 
effective implementation with respect to each of the 
above-mentioned Research Sub-Areas. 
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FUNCTIONALITIES 2030
In this chapter the building blocks of the ETIP SNET Vision 2050 are translated35 into FUNCTIONALITIES which 
need to be realised in the Integrated Energy System by the year 2030. 

The Efficient Organisation of Energy Systems36

F137 - Cooperation between system operators

WHY F138? 

The recent clean energy legislation requires that system operators must cooperate with each other in planning and 
operating their networks. This cooperation aims in particular at exchange of coordinated balancing and congestion 
handling services (coming from DER, conventional Power Plants or controlled loads located in these grids). Sys-
tem Operators need to support all measures for reinforcing competitive energy markets. Moreover, all DSOs must 
together create an “EU DSO entity”, which will need to contribute to, among others, cooperation with ENTSO-E.

WHAT FUNCTIONALITIES F1 can be expected by the year 2030 in the transition towards 2050? 

In 2050, network operators intervene mainly when capacities and other rated constraints such as 
system frequency, voltages, gas pressures, temperature levels, and water reservoir levels approach 
their limits due to minimum costs and maximum welfare operations. In 2030, network operators are 
facing significant changes and are transitioning from their more traditional roles to facilitate the market up-
take of new services, to ensure secure and reliable operation of the system in an increasingly challenging 
environment, and by this, to promote active customer participation in the energy transition. In 2030, full auto-
mation of electricity transmission network operation and full compatibility to short-term (15-minute) markets 
is achieved. This automation includes handling congestions also caused by contingencies. Network opera-
tors, however, have the final decision in special circumstances. 

In 2030 gas and heat are still largely provided by thermal, fossil power plants with increasing intensities. 
Processes for PtG&H (cogeneration) are not yet fully coupled and automated. Electricity, gas and heating/
cooling operators are beginning to coordinate their operations. 

In 2050, European transmission and distribution networks operations leverage the dynamic cooperation 
of their respective operators. In 2030 the integration of different vectors is not yet fully developed at 
Pan-European level, but it has been achieved at a certain scale at local level (citizen energy communities, 
communities, cities) by integrated, standardised, interoperable protocols, data, platforms, regulation. Moreover, 
by 2030, renewable hydrogen generation is well developed in demonstration sites and renewable methane, 
blended (and distributed) with natural gas projects are implemented at Pan-European level.

35 For explanations related to the methodology used in this chap-
ter, see Annex III.
36 Section titles at this section level come from the “ETIP SNET 
Vision 2050 Building block”
37 Functionalities are numbered from F1 to F12.
38 Sample from the following references: EU legislation “Electric-
ity Regulation -EU- 2019/943”, Regulation on Risk-Preparedness 
in the Electricity Sector -EU- 2019/941 and Regulation on the Eu-
ropean Union Agency for the Cooperation of Energy Regulators 
-EU- 2019/942

In 2050, electricity system operation is based on the highly automated optimisation of the grid, 
power generation, market systems and of all types of energy consumption. In 2030, observability is 
achieved for 80% of the high voltage and medium voltage substations and 25% of low voltage substations.39

In 2050, stationary or mobile gas infrastructure and storage play a key role in the sustainable, circu-
lar energy systems. In 2030, it still plays a minor role.

In 2050 the various energy systems infrastructures (electricity, gas, heat and cooling) will be planned 
and developed in a coordinated way. In 2030 the infrastructure owners will have established fora for ex-
changing information on network expansions/changes.

F2 - Cross-sector integration

WHY F240? 

The traditional energy system silos for electricity generation and end-use, for gas transport, for heating & 
cooling needs and for mobility must be coupled and optimised as one overall, Integrated Energy System. The 
coupling of such complex systems needs new services based on higher degrees of automated management 
and control of flexible energy network resources including the conversion between them. At the building 
level, the operation shall be supported by a smart readiness indicator41.

WHAT FUNCTIONALITIES to achieve objective F2 can be expected by the year 2030 in the transition 
towards 2050? 

In 2050, integrated energy networks for electricity, gas, and heating and cooling can handle the 
available capacities. By 2030, there is still separate handling of available capacities of electricity, gas and 
heating/cooling. 

In 2050 the various energy systems infrastructures (electricity, gas, heating and cooling) will be 
planned and developed in a coordinated way. In 2030 the infrastructure owners will have established 
fora for discussing network expansions/changes. In 2030 gas and heating/cooling end-use is beginning to 
be coupled to electricity, however not yet fully automated. Electricity, gas and heating/cooling operators 
are beginning to merge their operations. By 2030, EU TSO’s will benefit from the automatization of trans-
mission line flow limits based on dynamic rating methods corroborated with weather forecasting and RES 
diversity. But research is undertaken for an integrated approach going beyond silos. By 2030, tools for fa-
cilitating design, planning and operation of integrated energy networks have been developed and validated 
by experimental and live field applications.

39 Strategic Energy Technology Plan Implementation Plan - Tem-
porary Working Group 4, “Increase the resilience and security of 
the energy system” – January 2018
40 European Parliament’s Committee on Industry, Research and 
Energy (ITRE), “Sector coupling: how can it be enhanced in the 
EU to foster grid stability and decarbonise?”, November 2018, 
http://www.europarl.europa.eu/supporting-analyses
41 Smart readiness indicator: measure the capacity of buildings 
to use information and communication technologies and electron-
ic systems to adapt the operation of buildings to the needs of the 
occupants and the grids and to improve the energy efficiency and 
overall performance of buildings, including its flexibility.
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F3 - Integrating the subsidiarity principle42 – The customer at the center, at the heart of the 
Integrated Energy System 

WHY F3? 

Implementing the subsidiarity principle is a prerequisite for a well functioning Integrated Energy System 
because of the upcoming masses of distributed energy resources such as electricity generating PV-cells on 
the roofs, on the walls of building, on the terrasses and lawns of citizens, on the roofs of EV cars, but also 
of active consumers. The recent clean energy legislation requires that Electricity Markets are created with 
“active customers/consumers and citizens” and “energy communities”43. Renewables self-consumers are 
to be empowered to generate, consume, store, and sell electricity without facing disproportionate burdens, 
including without liability for any double charge, including network charges, for stored electricity remaining 
within their premises. Final customers (such as household customers), are entitled to participate in a renew-
able energy community, while maintaining their rights or obligations as final customers. Cities and their citi-
zens play a leading role in deciding on, developing and implementing city-related decarbonisation strategies.

WHAT FUNCTIONALITIES F3 can be expected by the year 2030 in the transition towards 2050? 

In 2050, the subsidiarity principle is applied to European energy systems. By 2030, this presumes 
clarification on legal (on EU level) changes in the existing roles and responsibilities i.e. partial transfer of 
balancing responsibility to distribution network operators due to the physical nature of some of the involved 
energy carriers. In 2030, communities who participated in large-scale energy community demonstration 
projects during 2020-2030, are able to handle, through proper interaction and validation from network 
operators, the variability and peaks for their net energy consumption, but also for their net excess energy 
production in times of high amounts of community-PV infeed. By 2030, they are enabled due to smart 
decentralized optimisation and control solutions for balancing community demand, generation and conversion 
of different energy carriers (electricity, gas, etc.) to and from locally connected storage.

42 The subsidiarity principle means that energy systems are op-
erated in such a way that actions are optimised locally (at the 
most immediate level). Actions that cannot be handled locally are 
handled at the next level.
43 Electricity Regulation -EU- 2019/943, In addition to the Elec-
tricity Directive 2009.

The following table 8 displays the Research and 
Demonstration tasks with associated expected bud-
gets needed for the FUNCTIONALITIES F1, F2 and F3 
per research sub area (RSA) in the time periods 2021-
2024, 2023-2026, 2025-2028 and 2027-2030. The ef-
fort needed is materialised by red-colored circle ar-
eas and orange-colored areas. Demonstration may 
also imply supporting Research. 

The main outputs of the table 8 are highlighted below:

•• Within the RA 1, the FUNCTIONALITY F3 re-
quires the most demonstrations activities and 
budgets in all 4 IP time periods (2020-2030) for 
RSA 1.1 (Social issues) and 1.2 (Community). 

No research and demonstration tasks were iden-
tified regarding F1 and F2 for RSA 1.2 and 1.3 
(User devices). 

•• For RA 2, the FUNCTIONALITIES F1 and F2 
need the most demonstration activities and 
budgets for the four time periods and specifically 
for the RSA 2.2 (Market). No effort was identified 
for F1 regarding RSA 2.1 (Business).

•• Looking at RA 3, the FUNCTIONALITY F1 will 
need the most demonstration activities and 
budgets and specifically for RSA 3.1 (Standards), 
RSA 3.3 (Data and Info) and RSA 3.5 (Software 
architecture) – apart for the last period. No effort 
is identified for F2 and F3 for RSA 3.3 (Data and 
info), neither for F2 related to RSA 3.4 (Cyberse-
curity) and nor for F3 related to RSA 3.5 (Soft-
ware architecture).

•• Looking at RA 4, the FUNCTIONALITIES F1 and 
F2 will be the ones with more demonstration , re-
search activities and budgets for RSA 4.1 (Ener-
gy system Architectures). No effort was identified 
for F1, F2 and F3 for RSA 4.3 (Assets) as well as 
for their last periods for RSA 4.4 (Stability).

•• For RA 5, the FUNCTIONALITY F2 will be the 
one needing the most demonstration and re-
search activities for the RSA 5.1, 5.2, 5.3 and 5.5 
(respectively Demand, Generation,  Storage and 
conversion, Transport). No effort is identified for 
F1 regarding RSA 5.3 (Storage and conversion), 
neither for F3 regarding RSA 5.2, 5.4 and 5.5 (res-
pectively Generation, Network and Transport).

•• Finally, within RA 6, The FUNCTIONALITIES 
F1 and F2 will be the ones with the most 
demonstration and research activities (and 
budgets) regarding RSA 6.5 (Control center). No 
effort is expected for the 3 FUNCTIONALITIES 
regarding RSA 6.2 (Short-term control) as well 
as for FUNCTIONALITY F2 for RSA 6.3 (Longer-
term control).

To summarize, for F1, F2 and F3, most budgets 
are needed in terms of research and demons-
tration for the RSA 2.2 (Market), 3.1 (Standards) 
and 4.1 (Energy System Architecture).

F3 is the FUNCTIONALITY with the least activi-
ties and budget needs (154 M€) compared with 
F1 (315 M€) and F2 (282M€).
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Table 8: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F1, F2 and F3 (Research (red); Demonstration (orange)
Note: Circle area size corresponding to number of tasks contributing to the functionality by the relevant IP-Period; 
Darker background indicate higher expected budgets.

2021-
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2023-
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2025-
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2027-
2030

2021-
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Markets as key enablers of the energy transition

F4 - Pan-European wholesale markets 

WHY F444? 

The new legislation asks for enhanced roles of DSOs, particularly in procurement of ancillary services, 
flexibility, data management and integration of electric vehicles. Markets must encourage development of 
more flexible generation and demand and Member States must eliminate obstacles to market-based pricing. 
Bidding zones must be reviewed by TSOs and possible alternative concepts must be proposed. DSOs 
must adapt network access and congestion tariffs and charges. Member States must remove regulatory 
distortions, enable scarcity pricing, interconnection, DSR and storage before Capacity Remuneration 
Mechanisms (CRM) can be introduced. Capacity must be procured separately from balancing energy by 
TSOs and may be facilitated on a regional basis.

WHAT FUNCTIONALITIES F4 can be expected by the year 2030 in the transition towards 2050? 

In 2050, the transaction volumes on European energy and flexibility markets are much larger than 
today. In 2030, in terms of deployment, the Net Transfer Capacity (NTC) at EU level shall be such that 
>15% of national electricity demand can potentially be imported or exported. This enables higher transaction 
volumes on the flexibility and the energy market. Moreover, in average, the existing interconnectors should 
be used efficiently; for alternating current (AC) interconnectors the net transfer capacity should be indicatively 
doubled45 compared to today. The public involvement in the relevant infrastructure projects should be made 
easy and effective. The currently applied methodological approach of measuring interconnectivity is adapted 
by 2030, depending on technology development46.

In 2050, short-term (seconds-minutes-hours) electricity imbalances are handled by highly efficient, 
electricity market-based operations. By 2030, to accommodate the power generation from most variable 
renewable energy sources (vRES), energy markets will have to evolve towards dynamic market intervals 
(possibly down to 5-minute for wholesale markets and – probably later than 2030 – even lower-time intervals 
such as 15 seconds intra-day products eg. coming from battery storage), providing adequate rules allowing 
for this, at the same time guaranteeing that grid-flow and systems constraints are not violated. The goal 
being to enable to better reward flexibility from generation, demand or storage.

In 2050, today’s marginal, variable energy cost electricity markets have evolved with new markets 
and services able to incentivise market-driven investments into a 100%-renewable energy mix with 
very low marginal energy generation costs. By 2030, market mechanisms provide liquidity and flexibility 
necessary on the power market, and those market-based instruments, such as auctioning, bring down costs 
for renewables generation significantly. Already in 2019 in Portugal there was an auction for 1400 MW, and 
the lowest price attained was 14,8 €/MWh, with most investors offering less than 20 €/MWh, while the refer-
ence price was defined as 45 €/MWh. This transition to 2050 will happen in a gradual way: by 2030, all long-
term investments for renewables shall be market/auction based in contrast to subsidisation today; in 2030, 
these competitive investment costs for PV-renewables can be offset by smart balancing operation of these 
renewables within energy communities and as a consequence reduced electricity grid capacity needs and 

44 Sample from the following legislations : Renewable Energy Directive -EU- 2018/2001, Governance of the Energy Union and Climate 
Action Regulation -EU- 2018/1999, Electricity Regulation -EU- 2019/943, Electricity Directive -EU- 2019/944, Regulation on the European 
Union Agency for the Cooperation of Energy Regulators -EU- 2019/942
45 Towards a sustainable and integrated Europe - Report of the Commission Expert Group on electricity interconnection targets, Novem-
ber 2017
46 From “Towards a sustainable and integrated Europe - Report of the Commission Expert Group on electricity interconnection targets - 
November 2017” (pages 6, 7)

grid use costs. As example, a study47 demonstrates that alternative system flexibility solutions for meeting 
the UK 2030 carbon intensity target (100gCO2/kWh) can save up to £4.7 bn/year. The savings are obtained 
from the reduction in system capacity requirement (low-carbon generation, conventional generation, trans-
mission, interconnection, distribution assets) and lower operating cost (due to energy curtailment avoidance, 
CO2 cost savings, and reduced fuel usage). 

In 2050, carbon-neutral energy systems supported by electricity and gas transmission networks are the 
main way to connect Europe’s renewable energy generation at all sizes with large-scale consumption 
centres (industries and cities) that are often located far from RES generation sites. This transition to 2050 
will be based on the development by 2030 of flow-based market coupling demonstrations and the settlement of 
new modelling approaches and simulation tools, at different geographical coverages. In 2030, in terms of region-
al deployment, Carbon-neutral gas production (and storage) is already commercial locally (bio-methane) and 
can be consumed locally or transported via gas grids. By 2030, these technologies have been brought upfront 
by adjusting gas distribution for integration of different types of gas (converted gas, renewable gas, low carbon 
gas) with the aid of gas smart metering. This has opened doors for more interoperable functions between the 
gas and electricity grid. Increasing yet still small quantities of hydrogen will -up to 2030- be transported through 
existing gas grids blended with methane. This hydrogen will mainly be used to replace existing grey (fossil) hy-
drogen demand in industry48 while its potential as fuel in power generation will be demonstrated.

In 2050, the single pan-European wholesale electricity and gas markets are fully implemented to 
address dynamic market-time intervals, dynamic price zones and grid-constraints. In this aim, by 
2030, flow-based market-coupling approaches shall be extended geographically and temporally to cover all 
European countries.

In 2050, flexible energy storage, power conversion and demand flexibility play a key role as products 
and services in energy markets. In 2030, flexible demand will be supported by controllable PtX (X of 
PtX being: water in hydro storage, gas in storage reservoirs; heat in thermal storage; to a much smaller 
part chemistry in batteries) and XtP (X of XtP being in 2030: discharging of hydro storage; of energy from 
and to battery storage; efficient use of fossil natural gas, still strongly used in 2030). PtG will only be used 
marginally in 2030 but must be ready to be deployed by 2040 and later.

F5 - Integrating local markets (enabling citizen involvement)

WHY F549? 

Final customers and small enterprises must be enabled to buy electricity generation from aggregated, multi-
ple power-generating facilities or load from multiple demand response facilities to provide joint offers on the 
electricity market and be jointly operated in the electricity system. Smaller-scale producers must be directly 
or indirectly responsible for selling on the market the electricity they generate. Citizens must be offered 
competitive prices, efficient investment signals and higher standards of service so that they can contribute 
to security of supply and sustainability. Membership of citizen energy communities is open to all categories 
of entities. A manual of procedures is to be made available to facilitate the understanding of procedures for 
project developers and citizens wishing to invest in renewable energy.

47 A. Shakoor, G. Davies, G. Strbac, D. Pudjianto, F. Teng, D. Papadaskalopoulos, et al., “Roadmap to Flexibility Services 2030: A report 
to the Committee on Climate Change May 2017,” May 2017.
48 From Gas for Climate “The optimal role for gas in a net-zero emissions energy system”, 2019 (pages 89, 91, 172)
49 Sample from the legislation: Renewable Energy Directive -EU- 2018/2001, Governance of the Energy Union and Climate Action Reg-
ulation -EU- 2018/1999, Electricity Regulation -EU- 2019/943, Electricity Directive -EU- 2019/944, Regulation on the European Union 
Agency for the Cooperation of Energy Regulators -EU- 2019/942
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WHAT FUNCTIONALITIES F5 can be expected by the year 2030 in the transition towards 2050? 

In 2050, local retail markets ensure high-quality, efficient operations with high security of supply. 
In 2030, Citizen Energy Communities50 have clear rules about how to integrate them into the system com-
patible to existing regulation and legislation. Those citizen energy communities will be enabled to actively 
participate in the provisioning of new energy services to the system operators. By 2030, energy communities 
contribute with their flexibility to the resolution of congestion management and local balancing issues, with 
the proper DSO coordination. They support the operation of the electricity system by controlled charging and 
discharging of batteries and demand response, optionally combined with heating/cooling energy systems, 
thus allowing their participation to the regional energy market and their contribution by their flexibility to the 
handling of regional balancing and distribution system constraints51.

In 2050, consumers and prosumers are enabled to plan, predict and adjust their consumption needs 
almost in real-time using peer-to-peer energy services. To enable the transition, by 2030, new business 
models, providing multiple user benefits, will help in reducing energy consumption and related emissions 
and increasing demand-side flexibility in private households. Citizens – in the role of consumers, prosumers 
or customers - are engaged and empowered to participate in decision-making, in energy markets and de-
mand response by cybersecure automation and ICT systems. They share related data with DSOs, and thus 
share benefits of lower system costs. In 2030, smarter grids play a key role to coordinating system operation 
with market activities, creating a cost-effective environment to enable customer active participation. In 2030, 
innovation, piloting and demonstration, supported and monitored by regulation, has been shown to be funda-
mental to anticipate needs which are consistent with EU market design principles in a fast-evolving context. 
In 2030, consumers  are enabled to participate in open, transparent energy markets through aggregators 
using data platforms or peer-to-peer technologies offering Demand Response (DR) directly or through ag-
gregators. They can generate, store, share, consume or resell energy to the markets. 

In terms of Data analytics as a service (DAaaS), Non-Intrusive Load Monitoring (NILM) systems are imple-
mented by 2030. From the aggregate energy consumption data obtained by smart meters, the existence 
and the energy consumption allocated to the main residential appliances or energy services are identified 
(pattern recognition, clustering, time series, multivariate modelling, machine learning among others). Com-
plementary to this approach, by 2030, the bottom-up aggregation of forecasts provided by these individual 
devices themselves is enabled by e.g. connected Active Buildings. This will foster a better segmentation of 
the prosumers and improve load forecasting for optimized intra-daily energy market usage. As example, 
some authors52 claim that using smart meter data and clustering techniques achieved a reduction of the 
average absolute error of intra-day load forecasting by 0.5% to 1.07 %. 

Care should be taken however, since the load accuracy depends on the size of the region and also on time. 
It should be noted that the accuracy of peak load forecasting is much more valuable for the intra-day market 
from both the TSO (adequacy) and from the market participants (effect on prices) points of view.

In 2050, data on customer’s past, actual and predicted behaviour (for example with people commuting 
or for energy in relation to weather conditions) enables model-based forecasting and the real-time op-
timisation of the energy systems’ operations at all levels. In this aim in 2030, local and regional demon-
strations of Active Demand Response are implemented. In terms of digitalisation, the user is put at the center:

50 Directive (EU) 2019/944 of the European Parliament and of the Council of 5 June 2019 on common rules for the internal market in 
electricity (recast). https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0944&from=EN
51 Towards a sustainable and integrated Europe - Report of the Commission Expert Group on electricity interconnection targets, Novem-
ber 2017
52 Franklin L. Quilumba, Wei-Jen Lee, Heng Huang, David Y. Wang, Robert L. Szabados, “Using Smart Meter Data to Improve the Accu-
racy of Intraday Load Forecasting Considering Customer Behavior Similarities”, IEEE TRANSACTIONS ON SMART GRID, VOL. 6, NO. 
2, MARCH 2015.

•• Energy related services can be accessed by a user at any time and any place using device-independent 
web-based user interfaces. Sensors are picking up data in users living environments. The interaction is 
two-sided since processed information also comes to users in a digital way by the same screens. 

•• Implementation of digitalisation requires already by 2030 a strong user-centric focus, with a sound 
business model which underpins customer engagement. 

•• In 2030, social media through mobile apps and data analytics can greatly52 help in pinpointing crucial 
factors and barriers in specific user experience.

•• In 2030, the consumer will be guaranteed full data privacy53 and Cybersecurity.

The following table 9 displays the number of 
Research and Demonstration tasks needed for the 
FUNCTIONALITIES F4 and F5 per research sub area 
(RSA) in the time periods 2021-2024, 2023-2026, 2025-
2028 and 2027-2030. The effort needed is materialised 
by red-colored circles and orange-colored circles. 
Demonstration may also imply supporting Research. 

The main outputs of the table 9 are highlighted below:

•• Within RA 1, the FUNCTIONALITY F5 is the one 
needing the most demonstration activities for the 
three first time periods for RSA 1.1 (Social issues), 
when both F4 and F5 will need demonstrations 
activities for RSA 1.2 (Community). No effort 
was identified for F4 regarding RSA 1.1 (Social 
issues) and for RSA 1.3 (User devices).

•• Within RA 2 a strong effort in terms of research 
and demonstration is expected for the first time 
periods for FUNCTIONALITIES F4 and F5 
specifically for RSA 2.2 (Market).

•• Within RA 3, mainly FUNCTIONALITY F5 needs 
research and demonstration activities, for all the 
RSA (Respectively Standards, Communication, 
Data &Info, Cybersecurity and Software 
Architecture). No effort was identified for F4 for 

53 Just awareness, heads ups and visbility regarding consum-
ers’ consumption can have an immediate 10% effect. Getting into 
comparing customers Peer-to-Peer, sharing best practices and 
benchmarking combined with smart services (like flexibility) easily 
accessible through social channel communication with the cus-
tomers (Web, Mobile, etc) can provide up to 40% benefits com-
pared to Business As Usual.
54 User friendly, one-stop-shop democratised access to energy 
and energy services in terms of 1) visualisation of all existing Eu-
ropean energy supply offers and services,  2) requesting a new 
supplier or a new service provider and 3) activating and releasing 
the service immediately; R&I Digital Platform development must 
solve this challenge.

RSA 3.2 (Communication), RSA 3.3 (Data  & 
info), RSA 3.4 (Cybersecurity) and RSA 3.5 
(Software architecture).

•• Within RA 4, F5 is the FUNCTIONALITY expected 
to need most demonstration activities for RSA 
4.1 (Energy System Architecture). No effort was 
identified for F4 regarding RSA 4.4 (Stability)

•• Within RA 5, demonstrations activities will be 
needed for FUNCTIONALITY F5, mainly for 
RSA 5.3 (Storage and conversion). No effort is 
expected for both F4 and F5 regarding RSA 5.2 
(Generation) neither for F4 regarding RSA 5.3 
(Storage and Conversion) and 5.5 (Transport).

•• Regarding RA 6, activities in terms of 
demonstrations are mainly expected for 
FUNCTIOINALITY F5, and within RSA 6.5 
(Control center). No efforts are expected for F4 
regarding RSA 6.2 (Short term control) and RSA 
6.5 (Control center).

To summarize, for F4 and F5, most efforts needed 
in terms of research and demonstration are expec-
ted for RSA 2.1 (Business) and RSA 2.2 (Market) . 

The budget for F4 (122 M€) is smaller than the one 
for F5 (352 M€).

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0944&from=EN
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Table 9: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F4 and F5 (Research (red); Demonstration (orange)
Note: Circle area size corresponding to number of tasks contributing to the functionality by the relevant IP-Period; 
Darker background indicate higher expected budgets
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Digitalisation enables new services for Integrated Energy Systems 

F6 - Integrating digitalisation services (including data privacy, cybersecurity)

WHY F655? 

The future electricity system should make use of all available sources of flexibility, particularly demand side 
solutions and energy storage. The key is digitalisation through the integration of innovative technologies with 
the electricity system by interoperable, standardised data architectures and related communication; and with 
the electricity system and smart-ready buildings and electric vehicles. The ENTSO for Electricity (ENTSO-E) 
and the EU DSO entity must respectively promote and contribute to the digitalisation of the systems.

Data Privacy: The recent clean energy legislation requires that the smart metering systems must accurately 
measure actual electricity consumption and must be capable of providing to final customers information on actu-
al time of use. For this, the privacy of final customers and the protection of their data must comply with relevant 
Union data protection and privacy rules. The smart readiness indicator for buildings shall be built on initiatives 
at national level, while considering the principle of occupant ownership, data protection, privacy and security.

Cyber Security: The recent clean energy legislation requires that Member States must ensure the highest 
level of cybersecurity and data protection as well as the impartiality of the entities which process data. Cyber-
incidents must be identified as a risk, and measures must be taken to address them in risk-preparedness 
plans. System operators are respectively responsible (TSO) and supporting (EU DSO) data management, 
cyber security and data protection. The Commission is empowered to adopt network codes related to sector-
specific rules for cyber security aspects of cross-border electricity flows. The Smart Readiness indicator of 
buildings considers the principle of occupant ownership, data protection, privacy and security.

WHAT FUNCTIONALITIES F6 can be expected by the year 2030 in the transition towards 2050? 

In 2050, digitalisation provides better, user-friendly services (data collection, elaboration and shar-
ing of energy services and offers) to all kinds of customers for planning, maintenance and opera-
tional issues, fostering the acquisition of data (observability), its transmission (connectivity), the 
extraction of information and the transformation into knowledge (analytics). In terms of deployment 
in 2030: user-friendly services and products will be offered for the user or community-based energy system.

In 2050, digitalisation facilitates services and the full integration of all kinds of energy systems.

•• Several million households actively participate in real-time, automated demand response (electricity, 
heating and cooling) with connected appliances and equipment, in addition to the existing and emerg-
ing solutions for industry and commerce. To enable a smooth transition, in 2030, regional demonstra-
tions are implemented: energy communities with a high share of community-RES actively participate 
in mandatory user-parametrized, real-time, automated demand response (electricity, heating and cool-
ing) with connected appliances and equipment, in addition to the existing and emerging solutions for 
industry and commercial sector.

•• Aggregation of smart charging technologies for electric vehicles, stationary batteries, heat pumps and 
power-to-gas, power-to-fuels and/or power-to-chemicals provides controllable electricity loads. The po-
tential and needs of flexibility have been assessed for 3 different scenarios (2030 – 2050) and a large 

55 Sample from legislation: Electricity Regulation -EU- 2019/943

number of technologies, and for different kind of flexibility (hour, week, season).56 As example, up to 108 
GW of electricity storage (batteries and pumped hydro storage) would be necessary for the EU-28 (97 
GW for EU-27), with a large development of stationary batteries. In 2030, regional demonstrations are 
set: easy, reliable, interoperable and scalable solution examples for the cyber-secure and privacy-guar-
anteeing aggregation of any measured electricity quantity (beyond energy) need to be implemented.

•• Decentralised control techniques and peer-to-peer electricity trade permeates local energy communi-
ties and their interconnection to the electricity system. In 2030, regional demonstrations for peer-to-
peer energy (service) trade are implemented including selected test communities across Europe with 
a high share of community-RES.

•• Shared platforms facilitate data exchange and decision-making in all parts of the integrated energy 
systems, thus enabling advanced planning, operation, protection, control and automation of the energy 
systems. As example in the project Flexiciency a Cloud shared platform is developed between the 
“publishers” who are Grid System Operators and the “subscribers” who are the ESCOs, Retailers and 
aggregators. In 2030, regional demonstrations are implemented. Shared platforms must be realised: 

•	 for all interested users in newly formed energy communities with a high share of RES or flexible 
demand, 

•	 for the most sensitive electricity system related integration needs (for data and for decision making) 
such as:
-- smart metering active and reactive power, voltage magnitude, network topology and model 

parameters, device power, thermal and other limits, 
-- sub-system reliability and resilience parameters, 
-- user decision-related parameters (service options and energy prices) and bidding possibilities.

•• Digitalisation supports optimised and interconnected services, providing real-time information – if 
needed - to operators and aggregators as well as to users connected to any energy network thereby 
enhancing system balancing and resilience at all time scales from seconds to weeks and in the case of 
any unforeseen, sudden contingencies. In 2030 digitalisation for electricity needs must be available to 
system operators and all those communities with a high share of RES. Digitalisation for the integration 
of the other energy carriers is advanced only in those regions and (large-scale) demonstration sites 
where gas, heating & cooling needs are satisfied by nearly carbon neutral gases and liquids.

In 2050, rights for privacy are  fully guaranteed to all stakeholders including for data ownership, es-
pecially information from smart meters about consumer (and prosumer) energy and service use. In 
2030 Privacy rights are digital technology agnostic, but technology can help supporting privacy systematic 
check solutions. Moreover, in 2030, solutions shall be available to prevent the need for sensitive data to leave 
the customer premises by taking local decisions or processes and inherently offer such privacy by design.

In 2050, energy systems are not vulnerable to cyberattacks even under strong growth of IoT and 
rapid changes in digital technologies and decentralisation. In 2030, clear and adequate EU-wide cyber 
security policies and standards need to be well established and applied as a universal practice. Guidelines 
and European certification schemes must ensure a minimum level of security requirements for devices and 
systems. Cyber hygiene and security by design should be applied starting now, in view to reach a large 
proportion of communities with their individual consumers and prosumers across Europe with a high share 
of RES. Moreover, by 2030, Cybersecurity integration must be realised for the different domains (energy 
grids, components and systems, DER, prosumers, aggregation, retailing, etc.) and layers (infrastructure, 
information, FUNCTIONALITIES, services and business).

56 « Study on energy storage – Contribution to the security of the electricity supply in Europe » that has been done for the EC and pub-
lished in march 2020. (EUROPEAN COMMISSION - Directorate-General for Energy - Directorate B — Internal Energy Market - Unit B4 
— Security of Supply - Contact : Yolanda Garcia Mezquita).
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The following table 10 displays the number of Re-
search and Demonstration tasks and expected 
budgets needed for the FUNCTIONALITY F6 per 
research sub area (RSA) in the time periods 2021-
2024, 2023-2026, 2025-2028 and 2027-2030. The 
effort needed is materialised by red-colored circles 
and orange-colored circles. Demonstration may 
also imply supporting Research.

The main outputs of the table 10 are highlighted below:

•• For FUNCTIONALITY F6, most of the effort is 
expected in terms of research and demonstra-
tions for:

•	 RSA 3.1 (Standards) 

•	 RSA 3.3 (Data & info);

•	 RSA 4.3 (Assets).

•• No effort is expected for F6 regarding RSA 5.5 
(Transport) and RSA 6.2 (Short-term control) 
and RSA 6.3 (Longer-term control) for the last 
periods.

To summarize, for F6, the highest effort is 
expected for RSA 3.3 (Data & Info) within the 
total budget of 457 M€.
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Table 10: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F6 (Research (red); Demonstration (orange)
Note: Circle area size corresponding to number of tasks contributing to the functionality by the relevant IP-
Period; Darker background indicate higher expected budgets
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Infrastructure for integrated energy systems as key enablers of the energy transition

F7 - Upgraded electricity networks, integrated components and systems

WHY F7? 

The growing electrification and the more decentralized deployment of renewable power generation will 
require reinforced and smarter electricity networks, able to accommodate both centralized and decentralized 
elements and to make the best of RES allocation over the European57 territory58. Pervasive network 
digitalisation, supported by high-capacity cyber-secure communication networks, will ensure decentralized 
monitoring and control. Not only density of the network, but also interconnection capacities –with harmonized 
security, planning and operation standards- will be needed to match growing RES supply and electricity 
demand over larger areas, as well as transparency to market participants all over Europe.

WHAT FUNCTIONALITIES F7 can be expected by the year 2030 in the transition towards 2050? 

In 2050, electricity networks operate with very high penetration of power electronics and the asso-
ciated monitoring and control equipment. In 2030, the penetration of power electronics is proportional 
to the amount of RES, relative to electricity demand and the capacity of batteries necessary to balance the 
variable and seasonal infeed of renewable energy. 

In 2050, large quantities of electricity are produced from renewable energy sources flows across 
Europe using HVAC grids, HVDC grids (including off shore grids) and hybrid AC/DC grids. In 2030, 
in terms of deployment, the Net Transfer Capacity (NTC) at EU level shall be such that > 15% of national 
electricity demand can potentially be imported or exported. In 2030, High Voltage Direct Current (HVDC) 
technology which enables the transport of electricity over longer distances and makes HVDC-line flows 
controllable, will play an increasing role in the connection of offshore wind farms and help establishing a pan-
European electricity super-grid. By 2030, HVDC admission procedures and opposition issues by the public 
must have been resolved by explaining the advantages of use of HVDC and thus enabling massive, remote 
wind-based renewables infeed. By 2030, all means must be available in terms of HVAC-HVDC network 
integration to guarantee a continued secure, reliable, resilient and market-compatible network operation. 

In 2050, the electricity system can handle reduced inertia by adapted monitoring and control equip-
ment and new protection solutions with associated cyber-secure, fast data communication. By 2030, 
due to the still relatively small contribution of RES and the still high contribution by rotating thermal and hydro 
generation, the effects of reduced inertia are not yet strongly visible on the interconnected Pan-European 
electricity system. However, by 2030, all necessary adaptations to the control and protection equipment 
must have been designed so that they can provide synthetic inertia and can sense faults in the real-world 
implementation towards 2040 and later to have continued secure, reliable and fully resilient electricity sys-
tem operation with a strong increase of non-rotating renewable energy infeed.

In 2050, a full system monitoring and control approach ensures system support as well as optimisation 
of grid costs. By 2030, 80% of the high voltage and medium voltage substations and 25% of low voltage 
substations will be monitored (including state estimation). Such supporting systems must be implemented 
at those electric distribution system nodes and sites with high security, reliability and resilience sensitivities 
and where critical network-based system state quantities (voltage, flows) are near their limits. Methodologies 
must be in place how to scale up monitoring towards higher deployment of RES by 2040 and later. By 2030, 
all new equipment connected to the electricity grid after 2020 will be controllable and contribute to flexibility. 

57 Communication on strengthening Europe’s energy networks. COM(2017) 718.
58 In-depth analysis in support of the Commission Communication. COM (2018) 773

Further developments regarding emerging AC/DC and DC only microgrids, as well as DC-coupling between 
these microgrids and main grid can play an important role for increasing energy resilience and efficiency, 
reduce impacts on transmission grids by RES integrated in such microgrids (more predictability to main 
grid, less required flexibility, less inertia depreciation, etc.). Such grids shall be integrated with the urban 
e-mobility grids and e-charging station solutions.

In 2050, thermal power generation is mainly running with renewable energy sources. To operate 
smoothly the transition from fossil to renewable sources and to maintain enough flexibility in the electricity 
system, by 2030:

•• RES, storage and synchronous power generation systems provide balancing based on services based 
on enhanced ancillary services, are well dispatchable, contribute to network stability, promote smart 
connection to the grid and a significant improvement of forecasting quality compared to today;

•• decentralised control schemes are implemented on distributed generation, manageable loads and 
storage;

•• control schemes are set for bi-directional power flows;

•• the flexible thermal plants, achieved by technology upgrade or integrating other flexiblity options, pro-
vide doubling the present average ramping rates, 50% less losses for part-load operations and reduce 
minimum technical load by 30% compared to today;

•• AC, hybrid AC/DC and a majority of DC microgrids are connected to AC transmission grids, for serving 
prosumers, local energy communities, synergies between main grid and urban e-mobility grids.

F8 - Energy System Business (includes models, regulatory) 

WHY F8? 

F8 is a direct consequence of the FUNCTIONALITY “F7 Upgraded electricity networks, integrated compo-
nents and systems” which requires new forms of business models, of regulatory rules. 

WHAT FUNCTIONALITIES F8 can be expected by the year 2030 in the transition towards 2050? 

The FUNCTIONALITIES for F8 are strongly related to the expected FUNCTIONALITIES F7. These FUNC-
TIONALITIES for F8, however, do often not follow the R&I-Journeys. Business models are constantly to be 
adapted in real-world business. Related tasks are classified as “Research” indicating the permanent need to 
find the best solutions. F8 includes: Business models, market design, regulatory rules, market governance, 
business models adapted to energy and computer- ICT- and monitoring and control system architectures, 
managing grid-connected flexibilities and their optimal aggregation.
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F9 - Simulation tools for electricity and energy systems (Software) 

WHY F9? 

F9 is (besides F8) a direct consequence of the FUNCTIONALITY “F7 Upgraded electricity networks, inte-
grated components and systems” which requires new simulation tools and simulation results of electricity but 
also energy system beyond electricity. 

WHAT FUNCTIONALITIES F9 can be expected by the year 2030 in the transition towards 2050? 

The FUNCTIONALITIES for F9 are strongly related to the expected FUNCTIONALITIES F7. These 
FUNCTIONALITIES for F9 – like for F8 – do not necessarily follow the R&I-Journeys principle: Simulation-
related tasks are classified as Research only with input from real-world use cases. F9 includes: Short-term 
market-related simulations including for handling security issues of all kinds, long- and medium-term integrated 
energy-system (heating and cooling, gas) and electricity system planning related models and simulations, 
electricity system congestion and stability-handling tools for all time intervals from seconds to hours; electricity 
system analysis, observation and optimisation tools and software; system-control-related model-predictive 
simulations and optimisations of the electricity system and life-cycle related ageing simulations.

The following table 11 displays the Research and 
Demonstration tasks needed for the FUNCTIONAL-
ITIES F7, F8 and F9 per research sub area (RSA) in 
the time periods 2021-2024, 2023-2026, 2025-2028 
and 2027-2030. The effort needed is materialised by 
red-colored circles and orange-colored circles. 
Demonstration may also imply supporting Research.

The main outputs of the next table are highlighted 
below:

•• Within RA 1, efforts in terms of research and 
demonstration are expected for FUNCTION-
ALITIES F7 and F8 mainly for RSA 1.1 (Social 
issues) and RSA 1.2 (Community). No effort is 
expected for F7, F8 and F9 regarding the RSA 
1.3 (User devices). No effort is needed at all 
from FUNCTIONALITY F9 regarding the RA 1.

•• Regarding RA 2, FUNCTIONALITY F8 is the one 
requiring the most efforts in terms of research 
and demonstrations for the RSA 2.2 (Market). 

•• Focusing on RA 3, FUNCTIONALITY F7 is the 
most requiring demonstration and research ac-
tivities compared with F8 and F9 and mainly for 
RSA 3.1 (Standards) and RSA 3.2 (Communi-
cation). FUNCTIONALITY F8 requires the high-
est budget for all time periods for RSA 3.3 (Data 
& Info). No effort is expected for F9 on RSA 3.3 
(Data & Info).

•• Looking at RA 4, FUNCTIONALITIES F7 and F9 
need the most efforts in terms of demonstration 
and research for all RSAs for the 2 first time pe-
riods (respectively Energy System Architecture, 
Planning, Assets and Stability).

•• For RA 5, the main efforts needed are for 
FUNCTIONALITY F7, RSA 5.2 (Generation) 
and 5.4 (Network). No effort is identified for F7 
regarding RSA 5.1 (Demand) and for F9 regard-
ing RSA 5.5 (Transport).

•• For RA 6, research and demonstrations will be 
needed mainly for FUNCTIONALITIES F7 and F9 
related to RSA 6.4 (preventive control) and RSA 
6.5 (Control center). No effort is expected for F8 re-
garding RSA 6.1 (System State), RSA 6.2 (Short-
term control) RSA 6.3 (Longer-term control).

To summarize, for FUNCTIONALITIES F7, F8 
and F9, tthe main efforts needed in terms of 
demonstrations and research will be expected 
for RSA 2.2 (Market) and for RSA 4.1 (Energy 
System Architecture) and RSA 6.4 (Preventive 
control). The highest budget will be dedicated to 
F8 for RSA 3.3 (Data & Info)

For the Period, F7 will need 515 M€, F8 will need 
387 M€ and F9 351 M€. 
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Table 11: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F7, F8 and F9 (Research (red); Demonstration (orange)
Note: Circle area size corresponding to number of tasks contributing to the functionality by the relevant IP-Period; 
Darker background indicate higher expected budgets.
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Efficient energy use 

F10 - Integrating flexibility in generation, demand, conversion and storage technologies 

WHY F10? 

The operational efficiency of the future energy system will be influenced by the ability to feed power generated 
from different sources — with different degrees of inertia and start-up times — into the grids in a reliable 
way. The future energy system will therefore have to rely on much higher balancing capacities, including: 
(a) flexible generation units, (b) increased demand response and (c) conversion and storage technologies, 
together with better interconnections at all grid levels. Increasing system flexibility must be achieved also 
through policies, measures and regulations compatible with further market integration, increased competition 
and the achievement of climate and energy objectives.

WHAT FUNCTIONALITIES F10 can be expected by the year 2030 in the transition towards 2050? 

In 2050, PtG and PtH conversion allows for the efficient coupling of electricity, gas and heat networks, 
together with Gas-to-Power-and-Heat (GtP&H59) and Gas-to-Heat (GtH) conversion technologies. By 
2030, flexibilities combined with high energy efficiency in these conversion devices for electricity-system 
integration needs must have reached a mature demonstration level for deployment towards 2040 and later. 
One fundamental requirement for such efficient and flexible coupling, is the capability to modulate the elec-
tricity consumption in a sufficiently deterministic and fine-granular manner in response to a flexibility need.

In 2050, coupling heat and electricity production impacts the gas grid. To reach this objective, in 2030 
local demonstrations are implemented: Energy communities up with a high share of community-RES (rela-
tive to community gross electricity demand) test fully coupled energy systems with a selection of PtH + HtP, 
PtG + GtP&H,PtL + LtP&H conversion to achieve highest possible autonomy for heat and electricity demand 
throughout the year. In 2030 hydrogen can be blended with natural gas to make use of the existing gas 
transport infrastructure up to 15%-20% by volume.

In 2050, coupling electricity and gas networks with electrolyser and methanation units enables long-
term (seasonal) storage, and flexibility options for the electricity grids (PtG and GtP&H) and supply 
for the transport and industry sectors. By 2030, (fossil) natural gas to power (combined with heat) conver-
sion and CCUS (Carbon Capture, Utilization and Storage) technology will still play an important role. How-
ever, demonstrations for integrations of conversion of power towards carbon-free or carbon-neutral gases 
or fuels (hydrogen, synthetic methane or methanol), and the integrated use of these carbon-neutral gases 
and liquids must be successfully proven by 2030. The goal is to integrate by 2040 and 2050 much larger 
quantities of carbon-neutral and renewable energy and power to industry, buildings and transport without 
loss of utility and – through the use of carbon-neutral methane and partial infeed of hydrogen into gas grids 
- providing longer use of the existing natural gas infrastructure.

59 Cogeneration

F11 - Efficient heating and cooling for buildings and industries in view of system integration of 
flexibilities 

WHY F11? 

The recent clean Energy legislation requires that renewable heating and cooling must contribute to the progres-
sive increase of the share of renewable energy. Provisions shall be included, at national, regional and local level, 
for the integration and deployment of renewable energy, including for renewables self-consumption and renew-
able energy communities, and the use of unavoidable waste heat and cold when planning, including early spatial 
planning, designing, building and renovating urban infrastructure, industrial, commercial or residential areas and 
energy infrastructure, including electricity, district heating and cooling, natural gas and alternative fuel networks.

WHAT FUNCTIONALITIES F11 can be expected by the year 2030 in the transition towards 2050? 

In 2050, the heating and cooling of buildings is powered by renewable energy sources. Electricity 
is the main energy source for new buildings and to a large extent for refurbished buildings. In 2030, 
electricity generation and cogeneration from any types of primary sources are more efficient than today. In 
2030, in terms of deployment, near-zero energy building (NZEB) projects, at least for the new constructions 
are well implemented. By 2030, flexibility of these NZEB must be proven in pilot and/or local demonstration 
of real-time flexibility services operation by heating and cooling systems and district distribution.

The Electrical Efficiency and fuel conversion rate of the different types of generation, both for 2020 and 2030, 
are reminded below:

2020 2030

Efficiency el. Fuel conversion rate Efficiency el. Fuel conversion rate

Gas turbine based:
SCP

CCPP
CHP

42%
63%

--

--
--

85%

> 43%
> 65%

--

--
--

> 90%

Thermal plants
(steam cycle) fossil

(steam cycle) biomass
(ORC) waste heat

(ORC) biomass

49%

49%
9-18%
14-30% 

--

--
--

85-90% 

> 52%

> 52%
11-21%
18-33% 

--

--
--

90% 

Reciprocating
SCP
CHP

49%
--

--
91%

> 52%
--

--
up to 95%

CSP 15-30% 20-35%

Geothermal 12% -- 13% --

Gas turboexpanders 75% n/a 75% n/a

Fuel cells (cover all types) 30-70%  32% - 80%  

PV 17-18%  19-20%  

Wind based 35-45% -- >45% --
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In 2050, heat in low-carbon district networks, is produced from heat pumps, biomass, biogas or Syn-
thetic Natural Gas (SNG)-powered boilers. By 2030 renewable heating and cooling technologies could 
supply over half of the heat used in Europe60. In most of Europe, biomass is used for various scale heating 
as well as industrial processes; 2nd and 3rd generation biofuels will also play important role.

In terms of deployment 2030: 

•• Improved compact and seasonal thermal energy storage systems will be crucial to meeting the heating 
and cooling requirements in buildings;

•• In most of Europe, biomass will be used for small-scale heating as well as industrial processes; 2nd 
and 3rd generation biofuels will also play an important role; 

•• Solar thermal will satisfy approx. 15% of the overall European low temperature heat demand and it will 
be increasingly able to meet the heat demand of medium and higher temperature industrial processes; 

•• Geothermal heat pumps and geothermal direct use will be firmly established, especially in agricultural 
applications and for pre-heating industrial processes requiring heat over 250°C.

In terms of Local and/or Regional Demonstration:

•• By 2030, in selected regional demonstration projects, a smart energy exchange network will enable the 
use of flexibility of heat at different temperatures from multiple low-carbon energy sources to be shared 
efficiently between different customers. 

In 2050, waste heat recovery solutions are deployed for most buildings in the commercial and tertia-
ry sectors. In 2030, Regional Demonstrations of large-scale heat recovery systems including their flexibility 
means for residential and commercial building are implemented.

In 2050, various renewable energy sources, such as bioenergy, solar energy, geothermal energy and 
power-to-heat conversion are used to produce heat for industrial purposes. Moreover, waste heat 
recovery solutions are implemented in all industrial sites to improve energy efficiency. In 2030, these 
technologies are already replicated and implemented, especially in medium- and high-energy intensive in-
dustries and in industrial areas/districts. By 2030, demonstrators show their flexibility offered to the electricity 
system combined with the use of cogeneration that can greatly contribute to higher efficiency levels.

60 From “ 2020 – 2030 – 2050. Common Vision for the Renewable Heating & Cooling sector in Europe” ETIP-RHC European Technology 
Platform on Renewable Heating and Cooling, 2011

F12 - Efficient carbon-neutral liquid fuels & electricity for transport in view of system integration 
of flexibilities 

WHY F12? 

The 2011 “White Paper on Transport” and the 2016 EU “Low-emissions mobility strategy” have already 
shown that an integrated system approach is required to put the transport sector on a sustainable path. 
Central elements of such approach include action on overall vehicle efficiency, promoting low- and zero 
emission vehicles and infrastructure, and the long-term switch to low- and zero-carbon electricity and to 
alternative and net-zero-carbon fuels for transport, together with further encouraging multi-modal integration 
and shifts towards more sustainable transport modes. Conditions must ensure the effective deployment of 
publicly accessible and private recharging points for electric vehicles and the efficient integration of vehicle 
charging into the system.

WHAT FUNCTIONALITIES F12 can be expected by the year 2030 in the transition towards 2050? 

In 2050, in addition to improving efficiency of all relevant energy conversion processes, the avail-
ability of liquid fuels is part of an overall carbon neutral fuel strategy for all energy producing and 
consuming sectors, including for mobility and heating. By 2030, demonstrations for the integrated use 
of these Carbon-neutral liquids must be successfully proven by 2030, in order to provide by 2040 and 2050 
much larger quantities of (low cost) Carbon-neutral and renewable energy and power to industry, buildings 
and transport without loss of utility.

In 2050, the vehicle-based mobility system has shifted strongly towards electricity but continue to 
rely on liquid carbon-neutral fuels (PtL and biofuels) and gases (synthetic methane and hydrogen), 
driven by environmental, operational, technological and economic considerations. In 2030, Power-
to-Liquid Pilot projects and Local Demonstrations will be implemented and demonstrate the flexibility to be 
offered to the electricity systems and how to cover the winter electricity demand by much more renewables 
in 2040 and later.
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The following table 12 displays the Research and 
Demonstration tasks and budgets needed for the 
FUNCTIONALITY F10, F11 and F12 per research 
sub area (RSA) in the time periods 2021-2024, 2023-
2026, 2025-2028 and 2027-2030. The effort need-
ed is materialised by red-colored circles and or-
ange-colored circles. Demonstration may also imply 
supporting Research.

The main outputs of the table 12 are highlighted below:

•• For RA 1, few research and demonstrations ac-
tivities are expected for FUNCTIONALITIES F10, 
F11 and F12. Lower efforts are needed regarding 
RSA 1.3 (User devices).

•• For RA 2, the most efforts needed in terms of 
research, demonstrations and budgets are for 
FUNCTIONALITY F10, F11 and F12 for RSA 2.2 
(Market design). 

•• Regarding RA 3, most efforts in terms of demon-
stration and research are expected for FUNC-
TIONALITY F10, F11 and F12 for RSA 3.1 
(Standards). No effort is identified for F11 and 
F12 for RSA 3.2 (Communication), RSA 3.3 
(Data & Info), RSA 3.4 (Cybersecurity) and for 
the 3 FUNCTIONALITIES F10, F11 and F12 re-
lated to RSA 3.5 (Software Architecture).

•• For RA 4, the main efforts are expected for 
FUNCTIONALITIES F10, F11 and F12 related 
to RSA 4.1 (Energy system Architecture) and 4.2 
(Planning).

•• Regarding RA 5: F10, F11 and F12 are the FUNC-
TIONALITIES requiring the most efforts in terms of 
research and demonstration for RSA 5.2 (Genera-
tion) and 5.3 (Storage and conversion). No effort 
is identified for F11 and F12 regarding RSA 5.4 
(Network).

•• Finally, for RA 6, main efforts are expected for F10, 
F11 and F12 for RSA 6.4 (Preventive control) and 
RSA 6.5 (Control center). Little or no efforts are re-
quired for FUNCTIONALITIES F10, F11 and F12 
regarding RSA 6.2 (Short-term control).

To summarize, for FUNCTIONALITIES F10, F11 
and F12, the main efforts needed in terms of 
demonstrations and research are expected for 
RSA 2.2 (Market), 4.1 (Energy system Architec-
tures), 5.2 (Generation).

F10 will have the highest expected budget with 
525M€, followed by F11 with 301 M€ and F12 
with 238 M€.
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Table 12: R&I journey from Research via Demonstration towards Deployment to achieve 
FUNCTIONALITIES F10, F11 and F12 (Research (red); Demonstration (orange)
Note: Circle area size corresponding to number of tasks contributing to the functionality by the relevant IP-Period; 
Darker background indicate higher expected budgets.
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IV.
Funding needs 
to support the 
ETIP SNET R&I 
Roadmap 2020-
2030

Budget Methodology for 
ETIP SNET R&I Roadmap 
2020-2030
Continued strong research and related demonstration 
and pilot application efforts must be undertaken during 
the ETIP SNET R&I Roadmap period 2020-2030 
on the many interlinked tasks, Research Sub-Areas 
and Research Areas having in mind the real world 
deployment of R&I results in order to reach the 2030 
objectives and related FUNCTIONALITIES. All details 
are given in chapter III and the Annexes of this Roadmap. 

By 2030, the EU goals as described in Chapter II must be 
implemented in the energy system world for all kinds of 
energy carriers with the electricity system as its backbone. 
For this to happen, to get maximum research knowledge 
and pilot and demonstration experience is a prerequisite. 
Integration means implementing integrated sensors, 
electronics, data handling, data aggregation and fitting, 
data communication, data security and privacy, data 
algorithms, user interaction and market processes, by 

innovative energy (conversion, transmission, distribution, 
generation, consumption, storage) equipment etc.

In this aim, considering the expected breakthroughs 
and starting from the total estimated budget of the 
previous ETIP SNET R&I Roadmap 2017-2026, the 
following table 13 proposes a budget for realising the 
proposed tasks for the time period 2020-2030 with Re-
search and Demonstration tasks and related projects. 
The costs for deployment-related tasks are not consid-
ered in the ETIP SNET R&I Roadmap: due to upscaling 
needs for all from Research and Demonstration, it is 
expected to be considerably higher than for R&I tasks. 

The budgets for each TOPIC were defined by a top-
down stakeholder consultation combined with a bot-
tom-up process starting at the task level, aggregating to 
Research Sub-Areas (RSA) and their Research areas. 
The table below shows the parameters (TOKENS) of 
the budget methodology applied to each task of each 
RSA of the ETIP SNET R&I Roadmap 2020-2030.

In the following, R stands for “Research” and D for 
“Demonstration”. The following bottom-up calculation 
of each task budget was used. 

Budget per task for RM Period 2020-2030 = ∑i=1..4 R-BudgetIPi +  ∑i=1..4 D-BudgetIPi 

Where:

•• R-BudgetIPi = R-TokenTask * “the number of involved FUNCTIONALITIES per Task”, if task maturity in 
IPi is Research •• D-BudgetIPi = D-TokenTask * “the number of involved FUNCTIONALITIES”, if task maturity in IPi is 
Demonstration•• IPi: The R&I Implementation period i (i=1, 2, 3, 4 corresponding to 2021-2024, 2023-2026, 2025-2028, 
2027-2030)

With: 

•• R-TOKENTask = budget for a task and Research-TRL-Maturity (TRL 3-5) with a single FUNCTIONALI-
TY. All tasks of a RSA have the same R-TOKEN. •• D-TOKENTask = budget for a task and Demonstration-TRL-Maturity (TRL 6-8) with a single FUNCTION-
ALITY. All tasks of a RSA have the same D-TOKEN. •• Task-maturity: Each task may be elaborated by R&I projects in each of the four Implementation Plan 
periods (2021-2024, 2023-2026, 2025- 2028 and 2027-2030) during the ETIP SNET R&I Roadmap 
period 2020-2030. In each of these four periods, a task should reach either Research-TRL-maturity 
(TRL 3-5) or Demonstration-TRL-Maturity (6-8) or Deployment-TRL-maturity (TRL 9). This so-called 
R&I Journey per task can be found in Annex II of this ETIP SNET R&I Roadmap 2020-2030.•• “the number of involved FUNCTIONALITIES per Task”: Each task has an implied number of key 
FUNCTIONALITIES to which it contributes or with which it is involved. 
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•• The methodology assumes a constant DR-Factor for all tasks. The DR-Factor represents the ratio 
between the budget for a Demonstration-task with one single FUNCTIONALITY and the budget for a 
Research-only task with one single FUNCTIONALITY. 

•	 DR-Factor = 1.7 = D-TokenTask / R-TokenTask 

•• This budget methodology has been verified and been hardened by a consensual process of the ETIP 
SNET Stakeholders: They determined the individual budgets for each of the RSA (called TOPIC in 
the ETIP SNET R&I Implementation Plan 2021-2024) for the time frame 2021-2024 in a consultative 
process. Using the above parameters (R-TOKENTask and D-TOKENTask per associated RSA, one 
single DR-Factor), the values for the R-TOKEN and D-TOKEN per TOPIC and the DR-Factor have 
been determined in such a way that the total methodology-based, computed budgets for the tasks of 
each RSA of IP 2021-2024 is identical with the one as set by the ETIP SNET stakeholders for the same 
period. In addition, ETIP SNET Stakeholders estimated and fixed the total expected budget for the RM 
2020-2030 to 4000 M€. I.e. the budget methodology reproduces the ETIP SNET stakeholder budgets 
for each of the defined RSA (TOPICS) for the ETIP SNET R&I Implementation plan 2021- 2024 (total: 
955 M€). It also reproduces the total expected budget for the ETIP SNET R&I Roadmap 2020-2030 
of 4000 M€.

ETIP SNET is fully aware that this methodology for 
expected budgets of this ETIP SNET R&I Roadmap 
2020-2030 makes several assumptions; it has, how-
ever, been hardened by extensive stakeholder and ex-
pert consultations. ETIP SNET has formally validated 
the methodology by expert-based budget judgements 
for the four-year Implementation Plans (IP) period 
2021-2024 and in total for the RM 2020-2030. ETIP 
SNET intends to adjust budgets and methodologies for 
the upcoming Implementation Plans beginning in 2023 
based on latest learnings from ongoing projects.

Using this methodology, the following table 13 shows 
that from the total budget of approx. 4000 M€ for the 
period 2020-2030, a large part (75%) is expected 

Research area (RA) Research Demonstration M€ per RA Expected breakthroughs between 2020-2030

2. SYSTEM 
ECONOMICS 3% 8% 430M€

Markets for ancillary services, using flexibility, 
development of (local) markets combining various 
energy vectors, demonstrated benefits of flexibilities 
from demo projects / regions. Shift of CAPEX to OPEX 
with reduced TOTEX (CAPEX+OPEX), New reimbursement 
schemes for distributed resources.

3. DIGITALISATION 8% 21% 1161M€

End-to-End architecture, Cybersecurity and Internet 
of Things (IoT), Peer2Peer (eg. Blockchain) concepts 
for the secure, interoperable, privacy respecting 
connection starting from sensors in field devices, 
data, and services reaching energy communities and 
prosumers, to allow gradually increasing decentralized 
multi party control systems.

4. PLANNING 
- HOLISTIC 
ARCHITECTURES 
and ASSETS

4% 15% 765M€

Storage technologies, Integrated Energy System at local 
level, Large scale deployment of technology for connecting, 
monitoring and controlling DERs, Integrated smart grid 
system-of-systems, New topologies and devices to 
integrate all the energy carriers, resilient use cases, new 
network planning procedures to include DERs and grid 
flexibility methodologies, Large scale implementation 
of DER forecasting, Modernised control centers: Data 
management, Human Machine Interface, training, 
modelling, drones, augmented/virtual reality, wearables 
devices, Web of Cells architectures; Assets: Power 
electronics, Energy storage technologies; power plants.

5. FLEXIBILITY 
ENABLERS 
and SYSTEM 
FLEXIBILITY

7% 11% 726M€

Flexible resources, energy storage resources 
including EVs, TSO-DSO-Consumer markets in place, 
standardisation of the flexibility, Flexibility from 
variable RES thanks to the hybridization of technologies 
and better forecasting tools; unlocking of residential DR, 
Smart charging of EVs and V2G implemented, Flexibilities 
for islands; Flexibility from thermal power plants based 
on carbon-free and carbon-neutral fuels, flexibility 
from integration of renewable and decarbonised gases 
in the gas network, flexible operation of cogeneration, 
system flexibility through sector coupling.

6. SYSTEM 
OPERATION 3% 14% 702M€

Higher level of automation, more complex functionalities, 
operation tools for integrated systems, resilient use 
cases, new operational planning procedures, large-
scale RES forecasting, modernised control centers, data 
management, MMI, AI, large AC-DC grids, web-of-cells.

TOTAL 25% 75% 4000M€

to be spent on Demonstration-tasks and related 
FUNCTIONALITIES, 25% are expected to be spent 
on Research tasks and related FUNCTIONALITIES 
during 2020-2030. The largest budgets are expected 
for demonstration tasks of RA 3 (Digitalisation) with 
approx. 21% of total budgets, followed by demonstration 
tasks of RA 4 (Planning - Holistic Architectures and 
Assets) with 15% and RA 6 (System Operation) with 
a budget of 14%, followed by demonstration tasks of 
RA 5 (Flexibility Enablers and System Flexibility) with 
a budget of 11% for the whole RM period 2020-2030.

Table 13: ETIP SNET RM 2020-2030 - Expected budgets for Research Areas (RA) 

Research area (RA) Research Demonstration M€ per RA Expected breakthroughs between 2020-2030

1. CONSUMER, 
PROSUMER and 
CITIZEN ENERGY 
COMMUNITY

0% 5% 215M€

Peer to peer trading, bottom-up aggregation, Operational 
market platforms for flexible generation and load and 
optimisation of load profiles including EVs, organisational 
changes (e.g. mutualised energy, peer-to-peer exchanges, 
new roles for cooperatives), Energy communities.
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Figure 5 shows the expected total budgets over the 
whole RM period 2020-2030 for each of the 12 FUNC-
TIONALITIES and their Building Blocks (bottom part) 
during 2020-2030 based on the assumed R&I-Journey 
of tasks.

The highest three FUNCTIONALITY-related expected 
budgets are:•• F10 (Flexibility) with a 2020-2030 budget of 525 

M€, •• F7 (Electricity Systems and Networks) with a 
2020-2030 budget of 515 M€, and •• F6 (Digitalisation) with a 2020-2030 budget of 
457 M€.

The lowest three FUNCTIONALITY-related expected 
budgets are: •• F4 (Wholesale) with a 2020-2030 budget of ap-

prox. 122 M€, •• F3 (Subsidiarity) with a 2020-2030 budget of ap-
prox. 154 M€, and

•• F12 (Transport) with a 2020-2030 budget of ap-
prox. 238 M€.

HORIZON EUROPE Instru-
ments to support the 
goals of the ETIP SNET R&I 
ROADMAP 2020-2030 
The ETIP SNET R&I Roadmap 2020-2030 will be im-
plemented using various funding instruments (see ta-
ble 14) and resources depending on the nature of the 
research, innovation priorities and the specific needs 
of the technologies. Several mechanisms for sup-
porting investments in the development of the energy 
roadmap exist at European and national level. These 
mechanisms can address different project stages and 
can come from different sources.

Figure 5: Budget 2020-2030 (in M€) per FUNCTIONALITY
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Overview of planned EU funding 2021-2027

Figure 6: EU Funding 2021-2027 [EU, May 2019]
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Figure 7: Allocation of the €100 billion to go to Horizon Europe

Between 2021-2027, € 114.2 billion are going to be 
allocated to research-innovation and digital Europe. 
The largest part, almost €100 billion, will go to Hori-
zon Europe.
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Horizon Europe structure and links to ETIP SNET R&I ROADMAP 

Figure 8: Horizon Europe Structures, [EU, May 201961]

61 https://ec.europa.eu/info/sites/info/files/research_and_innovation/strategy_on_research_and_innovation/presentations/horizon_europe_
en_investing_to_shape_our_future.pdf 
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HORIZON EUROPE: PRELIMINARY STRUCTURE

Within the Horizon Europe Structures, the ETIP SNET 
covers the R&I of the area Integrated Energy Systems. 
It is strongly linked to the Pillar 2 which has a total 
commission proposal for budget of € 52.7 billion, and its 
cluster “Climate, Energy and Mobility” with the following 
key research, demonstration and deployment areas: 

•• Climate science and integrated solutions;

•• Energy systems and grids;

•• Communities and cities; 

•• Industrial competitiveness; 

•• Smart mobility;

•• Energy supply;

•• Buildings and industrial facilities in energy transition;

•• Clean, safe and accessible transport and mobility; 

•• Energy storage.

Integrated, sustainable, secure and affordable Energy 
Systems, however, also involve the following Horizon 
Europe clusters:

•• Digital, Industry and Space (Energy System 
infrastructure manufacturing technologies and 
their advanced materials; next generation internet; 
circular industries; Space with Earth Observation 
for better forecasting; Key digital technologies, 
including quantum technologies; Artificial 
Intelligence and robotics; Advanced computing 
and Big Data; Low-carbon and clean industry);

•• Inclusive Society (Democracy and Governance; 
Social and economic transformations; Cultural her-
itage and creativity: Consumer is at the center of the 
energy transition; subsidiarity is a key principle for 
introducing innovation to the energy systems, etc.);

•• Resources and Environment (Environmental 
observation; Circular systems; Biodiversity and 
natural resources; Seas, oceans and inland 
waters: Energy is about primary resources, about 
infrastructures and their emissions, their influence 
on the environment, etc.);

•• Health (Environmental and social health determi-
nants such as through GHG and CO2-Emissions).

Within the period 2020-2030, ETIP SNET will also con-
tribute to creating more impact through mission-orienta-
tion and citizens involvement: ETIP SNET has proposed 
the Horizon Europe mission area “Energy Systems” and 
intends to contribute strongly to the European mission 
area “Climate-neutral and smart cities”. 

With this roadmap, ETIP SNET harnesses the poten-
tial of innovation involving researchers, entrepreneurs, 
industry and society. ETIP SNET intends to contribute 
to an effective innovation ecosystem for integrated En-
ergy Systems at European level which encourages co-
operation, networking, exchange of ideas, funding and 
skills among national and local innovation ecosystems. 
ETIP SNET also supports those forms of European 
partnerships which contribute to integrated Energy 
Systems, such as: 

•• Key digital and enabling technologies (linked to 
ETIP SNET RA3 “DIGITALISATION”);

•• Metrology (linked to ETIP SNET RA6 “SYSTEM 
OPERATION”), 

•• Hydrogen and sustainable energy storage62

•• Clean, connected mobility & Aviation and rail57

•• Sustainable bio-based solutions57 

By its large number of more than 200 active stakehold-
ers - which cover the major European associations 
with their affiliated industries, governmental represen-
tatives, researchers, and European countries - ETIP 
SNET is ready to tackle the R&I challenges 2020-
2030: ETIP SNET has access to the Europe’s best tal-
ents, expertise and resources in the area of Integrated 
Energy Systems; it is ready to push innovative solu-
tions. In the R&I processes towards these innovations, 
ETIP SNET fully supports mandatory open access to 
publications: beneficiaries shall ensure that they or the 
authors retain sufficient intellectual property rights to 
comply with open access requirements. In any case, 
open access to research data must be ensured. ETIP 
SNET strongly supports a fast track proposal proce-
dure for funded projects of pillar II with a time-to grant 
from proposal submission not exceeding 6 months.

 

62 linked to ETIP SNET Research Area 5 “FLEXIBILITY EN-
ABLERS AND SYSTEM FLEXIBILITY” and Research Area 4 
“PLANNING - HOLISTIC ARCHITECTURES and ASSETS”

https://ec.europa.eu/info/sites/info/files/research_and_innovation/strategy_on_research_and_innovation/presentations/horizon_europe_en_investing_to_shape_our_future.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/strategy_on_research_and_innovation/presentations/horizon_europe_en_investing_to_shape_our_future.pdf
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Interactions with national activities and Member States 
priorities will need to be deepened during 2020-2030 
to better understand differences of energy-system re-
lated implementation issues and to align R&I activities 
so that national developments are becoming in line 
with European developments. To make this happen all 
SET-PLAN related initiatives will need to strengthen 
cooperation63, and active international cooperation will 
need to be fostered64. Cooperation patterns have al-
ready been identified65 and need to be pursued. 

By doing research and working towards achieving 
desired FUNCTIONALITY by 2030, ETIP SNET also 
encourages a strong cooperation with other European 
Union Programmes, such as: 

•• Connecting Europe Facility66 (CEF): 
•	 it supports the development of high perform-

ing, sustainable and efficiently interconnect-
ed trans-European networks in the fields of 
transport, energy and digital services;

•• Digital Europe67: 
•	 focused on building the strategic digital ca-

pacities of the EU and on facilitating the wide 
deployment of digital technologies, to be 
used by Europe’s citizens and businesses; 

•• Erasmus Programme68: 
•	 funding programme for education, training, 

youth and sport;

•• European Regional Development Fund69 (ERDF): 
•	 aims to strengthen economic and social co-

hesion in the European Union by correcting 
imbalances between its regions by innova-
tion and research; 

63 Particular reference is made here to ETIPs, IWGs (Set Plan 
Implementation Working Groups), EERA Joint Programmes and 
ERA-Net (e.g. Smart Energy Systems – ERA-Net-SES, Regional 
Energy Systems ERA-Net REGSyS) 
64 Reference is made to Mission Innovation, IEA Technology Col-
laboration Programmes and IRENA Working Groups
65 See Synergies and Complementarities of European and In-
ternational Initiatives Towards Energy Transition - https://www.
etip-snet.eu/wp-content/uploads/2019/03/European-And-Interna-
tional-Initiatives-Towards-Energy-Transition.pdf
66 https://ec.europa.eu/inea/en/connecting-europe-facility
67 https://ec.europa.eu/digital-single-market/en/news/digital-eu-
rope-programme-proposed-eu92-billion-funding-2021-2027
68 https://ec.europa.eu/programmes/erasmus-plus/node_en
69 https://ec.europa.eu/regional_policy/en/funding/erdf/

•• European Single Market Programme70: 
•	 will strengthen the governance of the EU’s 

internal market, support businesses and 
empower and protect consumers, enable 
SMEs to take advantage of the European 
single market;

•• Innovation Fund71 (replace NER300 programme): 
•	 Funding programmes for demonstration of 

innovative low-carbon technologies;

•• Modernisation Fund72: 
•	 Support for modernisation of energy sys-

tems and just transition in 10 beneficiary 
Member States;

•• Platform for coal regions in transition73: 
•	 aiming at providing technical assistance and 

advice to coal regions in transition, develop 
support material and connecting stakeholders;

•• Clean energy for Islands initiative74: 
•	 Energy transition process with islands to 

support them in becoming more self-suffi-
cient, prosperous and sustainable.

Such cooperations will be used much more intensive-
ly, if there is a harmonisation of funding rules, flexible 
co-funding schemes and in general a flexible pooling 
of resources at EU level.

70 https://ec.europa.eu/growth/content/new-single-market-pro-
gramme-empower-and-protect-europeans_en
71 https://ec.europa.eu/clima/policies/innovation-fund_en
72 https://ec.europa.eu/info/sites/info/files/innovation_and_mod-
ernisation_fund_ema.pdf
73 https://ec.europa.eu/energy/en/topics/oil-gas-and-coal/eu-coal-
regions/secretariat-and-technical-assistance
74 https://euislands.eu/

The following table illustrates in which aspects the EU 
instruments developed under Horizon Europe would 
support the ETIP SNET R&I Roadmap 2020-203075:

Pre-commercial development (R&D) Demonstration / - First of a kind Uptake / Market readiness/
Roll out of technology

Horizon Europe

CEF

Digital Europe

ERASMUS

ERDF

Single Market Programme

Innovation Fund
(replace NER300 programme)

Modernisation Fund

Platform for coal regions in transition

Clean energy for Islands initiative

75 Categorization of EU instruments inspired by the Implementa-
tion Roadmap for Deep Geothermal:  http://www.etip-dg.eu/front/
wp-content/uploads/Roadmap_Final_-1.pdf

Table 14: EU instruments developed under Horizon Europe to support ETIP SNET R&I 
2020-2030

https://www.etip-snet.eu/wp-content/uploads/2019/03/European-And-International-Initiatives-Towards-Energy-Transition.pdf
https://www.etip-snet.eu/wp-content/uploads/2019/03/European-And-International-Initiatives-Towards-Energy-Transition.pdf
https://www.etip-snet.eu/wp-content/uploads/2019/03/European-And-International-Initiatives-Towards-Energy-Transition.pdf
https://ec.europa.eu/digital-single-market/en/news/digital-europe-programme-proposed-eu92-billion-funding-2021-2027
https://ec.europa.eu/digital-single-market/en/news/digital-europe-programme-proposed-eu92-billion-funding-2021-2027
https://ec.europa.eu/growth/content/new-single-market-programme-empower-and-protect-europeans_en
https://ec.europa.eu/growth/content/new-single-market-programme-empower-and-protect-europeans_en
https://ec.europa.eu/info/sites/info/files/innovation_and_modernisation_fund_ema.pdf
https://ec.europa.eu/info/sites/info/files/innovation_and_modernisation_fund_ema.pdf
https://ec.europa.eu/energy/en/topics/oil-gas-and-coal/eu-coal-regions/secretariat-and-technical-assistance
https://ec.europa.eu/energy/en/topics/oil-gas-and-coal/eu-coal-regions/secretariat-and-technical-assistance
http://www.etip-dg.eu/front/wp-content/uploads/Roadmap_Final_-1.pdf
http://www.etip-dg.eu/front/wp-content/uploads/Roadmap_Final_-1.pdf
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•• In order to reach the overarching goal of limiting 
the global warming of the planet well below 2°C 
above pre-industrial levels, a dramatic reduction 
of emissions is urgently needed so that net zero 
GHG emissions are globally reached by 2050; 
the energy system has a major role to play in 
this context, not only for its potential to rapidly 
lower its own emissions, but also to compensate 
residual GHG emissions from other sectors, less 
prone to a full decarbonisation;

•• The European energy system must continue its 
progression towards energy efficiency and 
renewables, moving away from fossil fuels to 
cover the gross inland consumption;

•• The integration of high shares of variable re-
newables is founded upon a growing role of 
electricity and requires significant system op-
timisation such as better interconnections on all 
grid levels, significant storage capabilities, de-
mand response, low carbon flexible generation 
units, effective energy conversion (P2X) options 
and, at a later stage, integration of different en-
ergy vectors (electricity, gas, heating and cool-
ing, water etc.);

•• Measures must be put in place to facilitate the 
participation of citizens in the energy transi-
tion through the establishment of energy com-
munities and the enhancement of the sustaina-
bility of bioenergy;

•• The European Union must remain at the forefront 
of the global effort, actively engaging through 
legislation, regulation and implementation of 
real measures. In fact, in several sectors of the 
clean energy value chain, Europe owns a global 
leadership spreading through research, innova-
tion and industrial achievements; 

•• Leveraging the “Clean Energy for all Europe-
ans” package, adopted by the EU Council, as 
the backbone of the energy transition, exten-
sive R&I measures and programs must be 
implemented and pursued to accomplish the 
two Missions dealing with the energy issue, and 
namely “Adaptation to Climate Change including 
Societal Transformation” and “Climate-Neutral 
and Smart Cities”;

•• The challenges towards decarbonisation of the 
energy system being so complex and urgent, 
coordination and collaboration is needed 
among all stakeholders including governments, 
European institutions, industries, network opera-
tors, technology and service providers, research 
centres, universities to identify and prioritize 
R&I actions. In this context, the role of the ETIP 
SNET, at the light of its wide representation of the 
stakeholders of the Integrated Energy System, 
is central in establishing a shared Vision 2050, 
and elaborating a consistent R&I strategy and 
Roadmap highlighting activities to be conduct-
ed and funded in the coming decade; 

•• The following 12 FUNCTIONALITIES, identified 
in this ETIP SNET R&I Roadmap for the period 
2020-2030, are considered as essential enablers 
towards the decarbonisation of the energy sys-
tem and must be implemented progressively 
during the next decade to ensure the path to 
the Vision 2050: 
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Table 15: FUNCTIONALITIES76 for the Integrated Energy System 2030

Building blocks 
(ETIP SNET Vision 
2050)

FUNCTIONALITY (Full name) Short FUNCTIONALITY

The efficient 
organisation of 
energy systems

F1 Cooperation between system operators F1 Cooperation

F2 Cross-sector integration F2 Cross-Sector

F3 Integrating the subsidiarity principle - The customer at the 
center, at the heart of the Integrated Energy System F3 Subsidiarity

Markets as key 
enablers of the 
energy transition

F4 Pan-European wholesale markets F4 Wholesale

F5 Integrating local markets (enabling citizen involvement) F5 Retail

Digitalisation enables 
new services for 
Integrated Energy 
Systems

F6 Integrating digitalisation services (including data privacy, 
cybersecurity) F6 Digitalisation

Infrastructure for 
Integrated Energy 
Systems as key 
enablers of the 
energy transition

F7 Upgraded electricity networks, integrated components and 
systems

F7 Electricity Systems 
and Networks

F8 Energy System Business (incl. models, regulatory) F8 Business

F9 Simulation tools for electricity and energy systems 
(software) F9 Simulation

Efficient energy use

F10 Integrating flexibility in generation, demand, conversion 
and storage technologies F10 Flexibility

F11 Efficient heating and cooling for buildings and industries 
in view of system integration of flexibilities F11 Heating & Cooling

F12 Efficient carbon-neutral liquid fuels & electricity for 
transport in view of system integration of flexibilities F12 Transport

•• The implementation of the above FUNCTION-
ALITIES in the European energy system calls 
for the conduction of a rational research and 
innovation plan, to be devised, planned and 
conducted according to schedules, priorities 
and interlinks as highlighted in this Roadm-
ap 2020-2030. The research route charted and 
shared by the stakeholders of the ETIP SNET is 
made of 120 tasks, grouped into 24 Research 
Sub-Areas and 6 main Areas of R&I activities.76

76 The 12 Functionalities have been derived from the building 
blocks of the ETIP SNET Vision 2050.

•• 120 tasks have been identified in this ETIP 
SNET R&I Roadmap, each associated to one of 
the following 6 Research Areas and contributing 
to one or more of the above mentioned 12 FUNC-
TIONALITIES. These tasks must be realised in 
R&I-Projects and reach the necessary technol-
ogy readiness levels, from lower and medium 
TRL-levels (Research) where necessary, going 
upward to higher TRL-levels (Demonstration), 
ending at the Deployment level, where products 
and services shall be ready for the market.

Table 16: Research Areas

RA No. Research Area (RA) Explanation

1 CONSUMER, PROSUMER and CITIZEN 
ENERGY COMMUNITY Citizen and prosumer information, empowerment and engagement 

2 SYSTEM ECONOMICS Business models, market design and market-governance

3 DIGITALISATION Digitalisation, communication and data handling (including Data, 
Cyber and System security)

4 PLANNING - HOLISTIC ARCHITECTURES 
and ASSETS

Energy system architectures, design and planning; technology 
solutions, asset management, maintenance; System Stability and 
resilience.

5 FLEXIBILITY ENABLERS and SYSTEM 
FLEXIBILITY

Adapting all energy components to provide flexibility to the 
system (Flexibility in Demand, Generation, Storage & Energy 
Conversion, Network, Transport).

6 SYSTEM OPERATION

System supervision, monitoring, control, reliability, resilience 
and automation (State estimation and supervision, short-term, 
medium and long-term control), and control room operators’ skills 
enforcement

•• A large effort has been made to identify the most 
rational R&I Journey for each task, based on the 
State of the Art, the monitoring of previous re-
search activities conducted in the different fields 
by regional, national and European projects, the 
delivery of survey and workshops, the interaction 
among all stakeholders. It is considered that the 
R&I Journeys identified in this document repre-
sents faithfully the views of all the stakeholders 
and that the programme illustrated in this 
Roadmap is a sound base to set up national, 
European and global R&I-project calls; 

•• The roadmap gives indications on those tasks 
that shall be researched and/or demonstrated in 
each of the planned time periods 2021-2024, 
2023-2026, 2025-2028 and 2027-2030 so that 
they contribute to the required FUNCTIONALI-
TIES in the year 2030. The particular tasks that 
shall be conducted in these four periods of the 
time frame 2020-2030 will be analysed and de-
scribed in the corresponding ETIP SNET Imple-
mentation Plans. 
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Table 17: Six Research Areas (RA) with Research Sub-Areas (RSA)

Research Areas
(RA) RSA Research Sub-Areas

(RSA)

1.	 CONSUMER, 
PROSUMER and 
CITIZEN ENERGY 
COMMUNITY

1.1 Social campaigns and social studies (related to societal acceptance and environmental 
sustainability of energy infrastructures)

1.2 Adaptive consumer/user behaviour including energy communities (interaction, 
incentives by dynamic tariffs)

1.3 Consumer and prosumer device control

2.	 SYSTEM 
ECONOMICS

2.1 Business models (including Aggregators) 

2.2 Market design and governance (Retail, Wholesale; Cross-border; Ancillary services; 
Flexibility markets)

3.	 DIGITALISATION

3.1 Protocols, standardisation and interoperability (IEC, CIM, Information models)

3.2 Data Acquisition and Communication (ICT) (Data acquisition, Smart Meter, Sensors 
(monitoring), AMR, AMM, smart devices)

3.3 Data and Information Management (Platforms, Big Data, Software, IoT)

3.4 Cybersecurity (vulnerabilities, failures, risks) and privacy

3.5 End-to-end architecture (integrating market, automation, control, data acquisition, 
digital twin, end-users)

4.	 PLANNING 
- HOLISTIC 
ARCHITECTURES 
and ASSETS

4.1 Integrated Energy System Architectures (design including new materials and hybrid 
AC/DC grids)

4.2 Long-term planning (System development)

4.3 Asset management and maintenance (maintenance operation, failure detection, asset 
lifecycles, lifespan and costs, ageing)

4.4 System Stability analysis
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Research Areas
(RA) RSA Research Sub-Areas

(RSA)

5.	 FLEXIBILITY 
ENABLERS 
and SYSTEM 
FLEXIBILITY

5.1 Demand flexibility (household and industry related)

5.2 Generation flexibility (flexible thermal, RES such as Hydro, PV and wind generators)

5.3 Storage flexibility & Energy Conversion flexibility (PtG&H, PtG, GtP, PtL, LtP; PtW; WtP)

5.4 Network flexibility (FACTS, FACDS, smart transformers and HVDC)

5.5 Transport flexibility (V2G/EV; railway, trams, trolleybus)

6.	 SYSTEM 
OPERATION

6.1 Supervisory control and State estimation

6.2 Short-term control (Primary, Voltage, Frequency)

6.3
Medium- and long-term control (Forecasting (Load, RES), secondary & tertiary control: 
LFC, operational planning: scheduling/optimization of active/reactive power, voltage 
control)

6.4 Preventive control/restoration (Contingencies, Topology (including Switching) 
optimisation, Protection, Resilience)

6.5 Control Center technologies (EMS, platforms, Operator training, Coordination among 
Control Centers)

RA 1: CONSUMER, PROSUMER and CITIZEN 
ENERGY COMMUNITY 
This research area addresses the complex relation 
of the consumer and prosumer (be it an individual, a 
community, a commercial user, an industry) with the 
energy system. It addresses:

•• The NIMBY (i.e. “Not In My BackYard”) effect re-
lated to the energy infrastructures: i.e the refusal 
of citizens to tolerate the existence of energy in-
frastructures (overhead lines, cell phone anten-
nas, regasification plants etc.) in their surround-
ings and in the landscapes. This area addresses 
the necessity to complement the engineering 
studies related to the development of the ener-
gy system with societal studies and social cam-
paigns to include the citizens in the decisions 
process since their very beginning; 

•• The societal changes characterised by a progres-
sively increase of environmental consciousness 
that triggers behavioural and process changes 

(sustainable mobility choices, corporate respon-
sibility and transparency, distributed renewables 
integration, demand response by the user, ener-
gy and water conservation measures, neighbour-
hood comparison and related rewards, etc.); 

•• The relationship of the consumer towards energy 
system technologies (leveraging early adopters 
and digital fanatics, looking at the user centred-
ness of technologies, smart appliances, prosumer 
device control, solutions, APPs, market tools etc.); 

•• The solutions in the hand of the consumer that en-
able to be an actor in the energy system (roles and 
integration of consumer-owned DER, smart me-
tering, storage, micro CHP, heat pumps, EV, smart 
appliances, incentives, dynamic tariffs, etc.);

RA 2: SYSTEM ECONOMICS

This research area addresses business models, market 
design, governance and operation linked with the energy 
system, its opportunities and constraints. It comprises:

•• The business models for the different actors, 
products and services applicable to the energy 
system (electricity, gas, heating/cooling, carbon 
neutral fuels, water, etc.) along its value chain: 
generation (e.g. CHP), transport (flexibility), data 
analytics/mining conversion (efficiency, flexi-
bility), storage, metering, delivery (forecasting, 
demand response, aggregation), prosumers 
(aggregation, peer-to-peer, energy communi-
ties) conservation (efficiciency), use (demand 
response, flexible energy uses, mobility) etc;

•• The design of energy markets at all geograph-
ical scales, addressing from the pan-European 
cross-border wholesale electricity and gas mar-
kets, products, services and businesses, down 
to local, neighbourhood, aggregated, retail, peer-
to-peer market of energy products and services 
(flexibility, ancillary services, electricity, gas and 
heating/cooling, water etc.); 

•• The governance of the markets made of European 
and national acts, policy and regulation, grid 
rules (for ancillary servies, capacity, etc.).

RA 3: DIGITALISATION 

This research area addresses the digital layers 
integrated in the energy system. It addresses the 
issues linked with the energy system operation (i.e. the 
digital infrastructure which enables the operation and 
control of the physical energy system), as well as the 
tools and networks for data communication, exchange 
and analytics. It finally considers the digital applications 
enabling markets and user participation. It includes:

•• The definition and application of communica-
tion protocols, rules and semantics, including 
all aspects of standardisation (e.g. IEC, CENE-
LEC, CIM etc.): i.e protocols, data and informa-
tion models, to ensure interoperability;   

•• The communication infrastructure (physical 
layer, infrastructure, services, business): the 
digitalisation of the measureable, controllable 
physical quantities of energy system (e.g. ener-

gy through smart meters, system functional pa-
rameters through smart sensors and devices, 
sensors for IoT etc.) and its processes, consid-
ered as a continuous evolution, thus enabling 
observability, controllability, integration, stabili-
ty, protection (cybersecurity) and efficiency;

•• The data and information management ca-
pabilities, such as the Big Data management 
platforms related to different data sources 
(i.e. meters, sensors, etc.), and the methods 
for an efficient data analytics, (e.g. AI, digital 
twins etc), and use in different frameworks (e.g. 
blockchain).

•• Enabling interaction of the energy system sec-
tor with other business sectors (Health, Mobility, 
Information) by solutions that support open APIs 
and open platforms, trust-raising technologies 
and adequate service management, education 
and adaptation of legislation for massive applica-
tion of smart technologies;

•• Providing adaptive, taylored, intuitive, multi-
device and secure functionalities and tools for 
the different actors and stakeholders involved 
in the energy systems according to their role, 
using cyber-secure and service-oriented soft-
ware infrastructures, considering the protection 
of the user (consumer rights, privacy, cyberpro-
tection) and safeguarding the energy system by 
planning from cyber threats that have the po-
tential to cause considerable damage both on 
structures and on operation;

•• Application of cyber physical systems con-
cepts, methods and tools to energy systems, 
with a focus on use of pre-integrated architec-
tures and open source frameworks for data ex-
change among the different energy systems ac-
tors (e.g. TSO/DSO communication interfaces), 
including information models (e.g. 61850), also 
from other industrial sectors.

RA 4: PLANNING - HOLISTIC 
ARCHITECTURES and ASSETS 
This research area addresses the design and planning 
of the Integrated Energy System overcoming the silos 
among energy vectors. It considers the necessary ap-
proaches and tools to plan and analyse the Integrated 
Energy System under all perspectives: from scenario 
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setting based on reliable and transparent hypothesis, pa-
rameters and relations down to integrated and complete 
planning tools, addressing holistically an energy system 
where all vectors interact and foster one another. Holistic 
energy system architectures facilitate all processes which 
are necessary for a reliable, economic and environmen-
tally friendly operation of smart electricity systems, includ-
ing innovative asset and lifecycle management, related 
technologies, and asset maintenance. It includes: 

•• Integrating energy system modelling/simulation 
and design/planning architectures in highly un-
certain environments (risk analysis, stochastic 
modelling, etc.); from long term planning of the 
system developments to the short term system 
stability analysis, considering vectors integration 
and digitalisation (co-simulation), environmental 
aspects (externalities, Life Cycle Analysis (LCA)), 
societal and economical evolutions (cost-bene-
fits analysis, Life Cycle Cost (LCC) thinking etc.); 

•• System planning, considering jointly the devel-
opment of different types of networks and vec-
tors (electricity, heating&cooling, gas, water, 
transport), considering synergies and mutual ef-
ficiency enhancements; planning methods con-
sidering cost-effective flexibility means along the 
value chain (demand response, energy storage, 
generation, transmission, cross-carrier) as well 
as resilience under high uncertainties (variable 
generation) and against natural and human-re-
lated threats (single and multiple contingencies);   

•• Advanced management of existing assets: life-
cycle estimation and failure mechanisms and 
models, advanced asset management tech-
niques (based on risk approach, reliability etc.), 
diagnostics, monitoring, life extension, reliability 
and vulnerability evaluation, failure mechanisms 
and models, etc;

•• Development and performance assessment of 
innovative technologies and solutions for the 
future energy system, based on the necessary 
integration of FUNCTIONALITIES, needs, and 
conditions of the evolving system; equipment and 
systems shall leverage the diffused digitalisation 
(cyber secure) and must be designed to leverage 
technical as well as environmental performances 
(sustainability, eco-design, circularity etc.)

RA 5: FLEXIBILITY ENABLERS and SYSTEM 
FLEXIBILITY 
This research area addresses the needs, solutions, 
and tools to ensure the adequate level of flexibility to 
cope with all the uncertainties and variabilities of the 
progressively Integrated Energy System. The flexibility 
issues addressed in this research area embrace the 
entire energy system, progressively across the differ-
ent vectors considered. The area comprises:

•• The evaluation of the needs for flexibility along 
the entire energy value chain, in consideration of 
the uncertainties, variabilities and risks;

•• The flexibility potential of all types of generation 
(from the ancillary services from variable renew-
ables to the thermal plants flexibility potential) 
thereby considering the wide heterogeneity in 
products and rules across countries (including 
retrofit of Power Plants; Governance-based in-
centives for Flexibility etc.);

•• The contribution to flexibility of energy storage 
advanced management, embracing all vectors 
(electricity, gas, heating/cooling, water) to man-
age variability and contributing to system effi-
ciency and reliability; 

•• The intrinsic networks flexibility: leveraging the 
capabilities of electric networks transfer capac-
ities or gas pressure dynamics, including the 
contribution of energy storage in all forms (e.g. 
electrochemical, pumped and reservoir hydro, 
compressed air etc.) and their conversion (P-t-X, 
X-t-P etc.) to enhance network flexibility;

•• The specific applications of FACTS in the elec-
tricity networks to ensure and enhance flexibility, 
such as for example the integration of AC, AC/
DC (hybrid) and DC microgrids; the interaction 
of networks and the appropriate grid connection 
and operation;

•• The interaction with non-electrical energy vec-
tors (gas, heating, cooling, water, hydrogen, car-
bon neutral fuels) and conversion (P-t-X);

•• The combined flexibility options enabling grid 
operators, as well as aggregators/balancing par-
ties to make optimal use of the flexibility resourc-

es, for example, cells77 with all kinds, sizes and 
variability/controllability of networks elements, 
combined with energy generation, demand and 
conversion to and from non-electricity energy 
carriers (energy vector coupling); 

RA 6: SYSTEM OPERATION

This research area addresses the tools and systems for 
the development of the overall control architecture (e.g. 
from hierarchical system control to coordinated collabora-
tive concept, development of the roles of the actors in the 
system (TSO, DSO etc.)) from direct control to delegation 
with the subsequent optimal operation of the Integrated 
Energy System under progressively increasing variabili-
ties, constraints and uncertainties, also linked with extreme 
events and climate changes. It spans across the tools and 
devices for system observability, through advanced mon-
itoring, control and protection, leveraging the advanced 
forecasting capabilities in all sectors. It comprises:

•• The tools for the system observability (from con-
trol architectures to sensors, data management 
and backup, enabling their filtering, aggregation, 
condensing and concentration);

•• The solutions for system operation and control at 
all time spans (from primary frequency and con-
trol, to medium-long term secondary and tertiary 
control) designed or influenced by flexibility inte-
gration, under normal and constrained conditions 
(such as, under reverse flow conditions from lo-
cal renewable generation excess, system events 
under limited inertia conditions, behaviour under 
extreme meteorological events, etc.);

•• The operational planning of the energy systems, 
through scheduling and optimisation of active/
reactive power;

•• The solutions for system operation that, based 
on market requests for ancillary services, can au-
tomatically provide complex control actions (grid 
couplings, activation of flexibility services and 
new market request for replacement of activated 
services) and advanced control room solutions 
supporting expanded levels of automation;

77 Cell refers here to a decentralized energy system (part), where 
smaller geographical areas (cfr energy communities, micro-grids) 
are managed as autonomous entities that coordinate with each 
other (Web-of-Cells concept)

•• The sciences of forecasting and risk analysis, in-
cluding generation and load forecasting at differ-
ent time scales and the consequences and mit-
igation for errors, the effects of climate changes 
and extreme events, thus triggering the resilience 
and remedy actions, comprising threats, vulnera-
bilities, contingencies, mitigation and restoration; 

•• Training tools at all level of the integrated sys-
tem development, management and operation 
to ensure adequate and uniform level of skills 
and approaches.
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Annex II:
Tasks, Research 
Sub-Areas and 
FUNCTIONALITIES

This section lists of all tasks with their Research 
Sub-Areas and Research Areas which are according 
to ETIP SNET of high relevance in the period 2020-
2030: this list of tasks will evolve and new tasks with 
new research (sub-) areas may be added. Others may 
be removed as soon as they reach the maturity beyond 
Demonstration. 

For each Research Sub-area, the following table 
shows the involved tasks with their R&I-Journeys: The 
five columns 24, 26, 28, 30 and 30+ show – per task – 
the expected Research and Demonstration activities to 
be undertaken during the time of each of the upcoming 
four Implementation Plans, ending 2024, 2026, 2028 
and 2030 and beyond 2030. 

R(esearch)-Maturity for Integrated Energy System 
tasks typically refers to the TRL78 3-5. D(emonstra-
tion)-Maturity refers to TRL 6 – 8. Deployment Matu-
rity refers to TRL 9.

For each task, a red circle indicates that in this time 
period, a certain Research maturity (TRL 3-5) shall be 
reached79. An orange circle indicates that for the task 
Demonstration maturity (TRL 6-8) is expected to be 
reached by the respective time period (for year, see 
column header). 

78 [https://ec.europa.eu/research/participants/data/ref/h2020/oth-
er/wp/2016-2017/annexes/h2020-wp1617-annex-ga_en.pdf] TRL 
1 – basic principles observed; TRL 2 – technology concept formu-
lated; TRL 3 – experimental proof of concept; TRL 4 – technology 
validated in lab; TRL 5 – technology validated in relevant environ-
ment (industrially relevant environment in the case of key enabling 
technologies); TRL 6 – technology demonstrated in relevant envi-
ronment (industrially relevant environment in the case of key en-
abling technologies); TRL 7 – system prototype demonstration in 
operational environment; TRL 8 – system complete and qualified; 
TRL 9 – actual system proven in operational environment (com-
petitive manufacturing in the case of key enabling technologies)
79 The duration of each task may span over more than one Im-
plementation Plan.

Some tasks have only R-maturity as goal and no fol-
low-up Demonstration maturity. Some tasks already 
begin with D-maturity since R-maturity has already 
been reached before the IP-Period 2021-2024. 

Some tasks do not show any R or D maturity level: 
This means that according to ETIP SNET Experts, all 
R and/or D -goals have already been achieved before 
the first IP-period 2021-24 and Deployment-maturity 
is given from the beginning. A Deployment-maturity 
corresponds to the year at which the task goals are 
assumed to be at product and service level, i.e. where 
task-related products and services can be bought 
on the market assuming increasing competitiveness 
among providers.

https://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2016-2017/annexes/h2020-wp1617-annex-ga_en.pdf
https://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2016-2017/annexes/h2020-wp1617-annex-ga_en.pdf
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

1 1.1 1.1.1 1.	Methods and tools for for the effective 
stakeholders engagement to increase 
public acceptance of new energy in-
frastructures, including transmission 
lines (overhead lines and underground 
cables), substations, storage facilities, 
generation stations (thermal and RES, 
like hydro, wind, etc.), gas pipelines 
and conversion stations, etc. (links to 
Social Science and Humanities)

F1, F2, F3, F5, 
F6, F7, F8, F10

1.1.2 2.	Increase consumer understanding 
and awareness of new electricity/
energy systems and particularly the 
consumer/prosumer central role as 
active participants in grid operation. 
Investigate the social and economic 
impact of the citizen involvement in 
forming energy communities, includ-
ing increased system resilience and 
sustainability. 

F3, F5, F6, F8, 
F10, F11, F12

1.1.3 3.	Studies to reduce or remove the en-
vironmental impacts of energy infra-
structures (visual, audible, etc.), e.g. 
for hydropower plants (hydropeaking 
effects, better sediment manage-
ment, fish migration and fish pro-
tection, water quality, etc.), noise of 
transformers and transmission lines, 
more attractive designs for transmis-
sion line towers, changed visibility by 
undergrounding, etc.  

F2, F3, F5, F6, F7

1.2 1.2.1 1.	Methods and Tools to support con-
sumers’ and prosumers’ adaptation of 
energy behaviour, including on-line 
measurements of electricity con-
sumption and generation, dynamic 
time-of use tariffs and behavioural 
studies considering the full environ-
ment, such as non-energy benefits, 
like comfort and security. 

F3, F4, F5, F6, 
F7, F8, F10, F11, 
F12

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

1.2.2 2.	Methods and tools including cam-
paigns to support the industry’s con-
sumption adaptation in order to sup-
port the system 

F3, F4, F10, F11 

1.3 1.3.1 1.	Wireless technologies for direct con-
trol of prosumers’ electricity con-
sumption/generation using low-cost 
technologies (smart phones, etc.) 

F3, F5, F6, F10, 
F11

1.3.2 2.	In-home ICT technologies for smart 
appliances (e.g. smart load control-
lers) for direct control of consumer 
demand, incl. visualization via in-
home displays. 

F3, F5, F6, F10, 
F11, F12

2 2.1 2.1.1 1.	Business models for prosumers pro-
viding ancillary services, including EV 
owners with bidirectional capabilities 
and storage units.. 

F2, F4, F5, F6, 
F7, F8, F9, F10, 
F11, F12

2.1.2 2.	Business models for retailers and ag-
gregators, ESCOs and energy commu-
nities, providing energy efficiency at 
end-user level. 

F3, F4, F5, F6, 
F7, F8, F10, F11, 
F12

2.1.3 3.	Business models for data analysis 
service providers to energy using 
large-scale data bases and advanced 
data-mining techniques 

F4, F5, F6, F7, F8

2.1.4 4.	Business models for storage in elec-
trical transportation networks (e.g. 
tramways, trains, buses)

F4, F5, F6, F8, 
F9, F10, F11, 
F12

2.1.5 5.	Business models for gas-fired or bio-
mass fired CHP units producing heat 
when residual loads are low, and elec-
tricity when residual loads are high or 
used as thermal storage. 

F2, F4, F5, F8, 
F10, F11

2.2 2.2.1 1.	Pan-European market design to fos-
ter the integration of large scale RES, 
storage, demand response, EVs, etc. in 
coordination with network operation 
taking into account uncertainties of 
production and demand. 

F1, F2, F4, F7, 
F8, F9, F10
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

2.2.2 2.	Market design for TSOs with 
cross-border coordination that in-
volve multiple DSOs and aggregators 
and multi-operation zones. Market 
design for cross-border ancillary 
services (including joint procurement 
of reserves, sharing of reserves, fast 
ramping services for frequency re-
sponse, inertia response, reactive 
power, voltage control and power flow 
control) 

F1, F2, F4, F5, 
F8, F10, F11, 
F12

2.2.3 3.	Market rules and coordination mech-
anisms for provision of ancillary 
services by aggregated storage and 
virtual power plants, comprising RES, 
flexible thermal generation (small and 
micro-CHP), heat-pumps, EVs, etc.  

F1, F2, F3, F4, 
F5, F7, F8, F9, 
F10, F11, F12

2.2.4 4.	Market design and cost benefit analy-
sis for the provision of ancillary ser-
vices between DSOs and TSOs through 
coordinated communications, coordi-
nated smart metering and platforms, 
and considering physical grid con-
straints. 

F1, F2, F3, F4, 
F5, F6, F8, F10, 
F11, F12

2.2.5 5.	Design of local markets and their in-
teraction to central markets. Retail 
(peer-to-peer) markets for Local En-
ergy Communities with power balanc-
ing and coordinated LV/MV technical 
grid control.

F1, F4, F5, F6, 
F7, F8, F10

2.2.6 6.	Market design for large-scale demand 
response, beyond electricity. Market 
models expressing the price-sensitive 
nature of loads obtained by smart me-
tering and metrology methods. 

F1, F2, F3, F4, 
F5, F6, F8, F10, 
F11, F12

2.2.7 7.	Market design for storage owners and 
operators, including of EV.  Market de-
sign for thermal storage in electricity 
and heating markets

F1, F2, F4, F5, 
F6, F7, F8, F10, 
F11, F12

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

2.2.8 8.	Market rules for the provision of 
system services (balancing) by gas 
networks in case of low (or negative) 
residual loads when producing and 
storing chemical energy. 

F1, F3, F5, F8, 
F10

2.2.9 9.	Market design for system services 
(balancing) by water cycle manage-
ment operators. 

F2, F8, F10, F11

3 3.1 3.1.1 1.	Data exchange protocols / inter-
faces for a well-functioning market 
between all players. Protocols for 
stochastic model-based handling 
of market operations on different 
timescales. Common, standardised 
models for encrypted and authenti-
cated market orders 

F1, F3, F4, F5, 
F6, F7, F8, F9, 
F10, F11

3.1.2 2.	Standardized communication proto-
cols and ICT infrastructure between 
devices and networks  and also be-
tween devices and remote manage-
ment platforms to meet requirements 
of network operators, retailers and 
aggregators. Interoperability for de-
vices and actors of the integrated 
energy system (e.g. prosumers, con-
nected buildings, DSO, storage, RES, 
PV, EV) etc.

F1, F2, F3, F5, 
F6, F7, F8, F9, 
F10, F11, F12

3.1.3 3.	Communication interfaces of smart 
substations, especially on LV second-
ary substation level (interfaces for 
internal substation components and 
between substation with upper level 
and information systems, like EMS, 
SCADAS, legacy systems, etc.).  

F2, F6, F7, F10

3.1.4 4.	Universal device interfaces and pro-
tocols to enable DSO and TSO infor-
mation exchanges. Data interfaces 
for utility business models and deci-
sion-making support functions. 

F1, F6, F7, F8, 
F10

3.2 3.2.1 1.	Communication infrastructures to 
support demand aggregation and con-
trol. M2M or AI2AI telecommunication 
solutions for services required by the 
energy grid (including AI algorithms 
for decision-making in device, MEC or 
cloud level). 

F1, F2, F3, F5, 
F6, F7, F10

3.2.2 2.	ICT infrastructure for monitoring and 
control of distributed generation, e.g. 
PV systems, including standards and 
protocols. 

F2, F6, F7, F10
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

3.2.3 3.	Communication infrastructures for 
smart meter data for close to re-
al-time monitoring in critical zones at 
critical moments (including non-GNSS 
(Global Navigation Satellite System) 
systems for time synchronisation and 
timestamping, consideration of laten-
cy, loss of packets, and jitter in end-
to-end communications.) 

F2, F5, F6, F7, F8

3.2.4 4.	Optimise installation of ICT infra-
structure, including costs, accuracy, 
redundancy, etc. for data collection 
and processing used for conditional 
and risk-based maintenance. 

F7, F9

3.3 3.3.1 1.	Big data management from different 
sources: smart-meters, smart-sen-
sors, social media, etc. for their use 
in planning tools, management tools, 
market platforms, etc. Data driven 
tools supported by data analytics, 
artificial intelligence, development of 
digital twins, etc. 

F1, F5, F6, F8, 
F10

3.3.2 2.	Investigate the use of IoT technol-
ogies in TSO and DSO planning, asset 
management, operational and market 
activities. 

F6, F7, F8

3.4 3.4.1 1.	Methods and tools for cyber security 
protection of grid infrastructures to 
avoid injection of false data through 
physical installations, like primary 
and secondary substations, MV and LV 
lines, etc. Cybersecurity strategies for 
TSOs and DSOs 

F1, F6, F7, F8, F9

3.4.2 2.	Data protection and GDPR-compliant 
methodologies for management of 
distributed energy resources, includ-
ing decentralized storage 

F3, F5, F6, F8, 
F10

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

3.4.3 3.	Risk and vulnerabilities for parallel 
use of legacy SCADA systems (as a 
traditional means to provide remote 
supervisory and control) 

F1, F6, F7, F9

3.4.4 4.	Risks and vulnerabilities of using pub-
lic ICT and wireless infrastructures for 
smart grid functionalities, e.g. con-
nection with smart meters and energy 
boxes 

F3, F5, F6

3.5 3.5.1 1.	Digitalization of distribution and 
transmission networks. Creation of a 
digital twin of interoperating grid and 
communication networks to resolve 
performance problems and recovery 
from abnormal events. 

F1, F5, F6, F7, 
F8, F9

3.5.2 2.	Enhanced architecture design for data 
exchange at different system voltage 
levels, at different time frames with 
enhanced TSO/DSO communication 
interfaces. 

F1, F2, F5, F6, 
F7, F8

3.5.3 3.	Application of advanced ICT-based ap-
proaches (IoT, edge computing, cloud 
computing, cyber-security, block-
chain, etc) for data storage and com-
puting on new (Hardware & Software) 
architectural schemes. 

F1, F2, F6, F9

4 4.1 4.1.1 1.	Model of the energy system including 
all major energy carriers, encom-
passing the whole energy chain from 
prosumers, energy communities, 
e-transportation, distribution and 
transmission grids (LV, MV, HV), na-
tional and regional electrical and gas 
exchange, with clear boundary inter-
action. 

F1, F2, F5, F7, 
F8, F9, F10, F11, 
F12

4.1.2 2.	Coordinated HV (including Ultra-HV) 
and MV distribution systems. Electric-
ity transmission systems with storage 
infrastructure and using gas and heat 
infrastructures. Resilience oriented 
sizing and spatial positioning of as-
sets, in order to withstand the impact 
of extreme weather and grid events. 

F1, F2, F7, F9, 
F10, F11, F12

4.1.3 3.	Citizen energy communities, with 
energy management systems for lo-
cal multi-energy streams operation, 
including electrical-storage, P2x 
generation and storage, and x2P (in-
cluding CHP based on hydrogen and 
fuel-cells). 

F3, F5, F7
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

4.1.4 4.	Multicarrier hybrid storage systems, 
including their economic benefits in 
comparison to single storage units, 
their application to Power2Heat for 
balancing and storage, dynamic inter-
action between heat and electricity, 
their application at building level, dy-
namics of the coupled energy system 
considering the inertia of thermal 
loads (electricity-heating-buildings). 

F2, F5, F7, F8, 
F10, F11, F12

4.1.5 5.	Optimally located, sized and coor-
dinated electric energy storage at 
different voltage levels in the power 
system (for fast and slow power re-
sponse; for future ancillary supple-
mentary services in the storage facil-
ity such as inertia support).

F1, F7, F8, F9, 
F10

4.1.6 6.	Optimally located, sized and coordi-
nated hydro, gas and chemical ther-
mal and chemical storage for seasonal 
needs. 

F1, F2, F9, F10, 
F11, F12

4.1.7 7.	Web-of-Cells, decentralised, modular 
control architectures for real-time 
voltage and frequency control (in-
cluding AC, AC/DC hybrid and DC mi-
crogrids, local storage, smart trans-
formers) utilizing flexibility from all 
energy carrier systems. 

F1, F2, F3, F4, 
F5, F6, F7, F8, 
F9, F10, F11, 
F12

4.1.8 8.	Integrated electricity AC and DC distri-
bution networks including large-scale 
electrification of heating, domes-
tic and commercial heat pumps, EV 
charging stations, etc. DC and hybrid 
AC/DC networks connected to AC 
through FACDS (Flexible Alternating 
Current Distribution System), Smart 
transformers, MV/LV DC, etc. AC, AC/
DC hybrid and DC microgrids and local 
storage for providing locally flexibility. 

F1, F2, F3, F5, 
F6, F8, F9, F10, 
F11, F12

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

4.1.9 9.	HVDC meshed grids. Optimization al-
gorithms for HVDC grids design based 
on different optimization criteria 
(n-1 reliability criterion, loss of in-
feed risks, economic criteria, etc.) and 
parallel routing of DC and AC lines on 
the same tower or parallel paths to 
utilise existing infrastructure paths.

F7, F9

4.2 4.2.1 1.	Planning of integrated (coupled) en-
ergy systems (heat and cooling, gas, 
electricity networks with an extension 
to water -waste and drinking- and 
public transport networks in urban 
areas). Planning tools to optimize the 
development of the electricity net-
works taking into account energy ef-
ficiency policies at the urban/city but 
also rural scale (interaction with other 
energy network, spatial planning). 

F1, F2, F3, F7, 
F8, F9, F10, F11, 
F12

4.2.2 2.	Cost-effective, coordinated invest-
ment planning in RES at EU level 
(covers all time horizons and markets 
(from investment planning until re-
al-time) and taking into account the 
effects of alternative market designs 
and the requirements for infrastruc-
ture development. Consider all flexi-
bility means (demand response, ener-
gy storage, generation, transmission), 
including cross-carrier flexibility.

F4, F5, F8, F9

4.2.3 3.	Electricity System Planning for resil-
ience, including Grid designs, PV, Wind 
and Hydropower generation, storage 
and demand flexibilities against nat-
ural disasters (storms, floods, wild-
fires, etc) and human attacks, resil-
ience oriented operational planning 
using stochastic approaches including 
multi-contingencies occurrence 

F10

4.2.4 4.	DER solutions to handle network con-
straints in planning. HV, MV and LV 
network reinforcements and LV, MV 
grid expansion planning considering 
the flexibility offered by controlling 
RES, demand, energy storage, pow-
er electronics, etc. (includes the use 
of data coming from the field (smart 
meters, monitoring systems at all lev-
els, fault detection, etc.)) 

F1, F7, F9, F10, 
F11



110 111

ETIP SNET R&I Roadmap 2020-2030
Annex II: Tasks, Research Sub-Areas and FUNCTIONALITIES

ETIP SNET R&I Roadmap 2020-2030
Annex II: Tasks, Research Sub-Areas and FUNCTIONALITIES

Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

4.2.5 5.	Probabilistic planning taking into ac-
count the DER stochasticity, i.e. RES, 
demand response, storage, self-con-
sumption, and their uncertainty in-
cluding for heating and cooling and 
the demand for mobility 

F2, F4, F5, F7, 
F8, F9, F10, F11, 
F12

4.2.6 6.	Distribution System planning and 
asset management to cater for the 
integration of massive integration of 
EVs with fast, very fast, and induc-
tive recharge technologies. (short-, 
medium- and long-term scenarios for 
the implementation of the adequate 
charging infrastructures, incl. battery 
swapping infrastructures 

F7, F8, F9, F10, 
F11, F12

4.2.7 7.	Planning of LV and MV DC industrial 
and residential grids. Added value of 
DC grids in integrating DER, incl. low-
er costs of BoS (Balance of System). 
Taking care for safety, especially in 
homes. 

F5, F6, F7, F9, 
F10, F11, F12

4.3 4.3.1 1.	Development of ageing and failure 
models for condition (risk) in plan-
ning LV/MV based maintenance, con-
sidering maintenance cycling profiles 
(including extreme events), different 
time scales (from operation to plan-
ning) both for power system com-
ponents (lines, substations, trans-
formers, switches, breakers, etc.), 
ICT infrastructures (sensors, commu-
nication infrastructures) and smart 
meters. 

F4, F5, F6, F7, 
F8, F9

4.3.2 2.	Development of models for State of 
Health (SoH) estimates of transmis-
sion system components conditions, 
e.g. SoH related to components’ wear, 
oil level in transformer oil pits, SF6 
level in switchgear and probabilities 
of failure. Investigation of parame-
ters which impact the lifespan of HV 
transmission system components.

F6, F7, F9

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

4.3.3 3.	Model-based detection of compo-
nent failures with sensors, conditions 
monitoring; robotics for hostile envi-
ronments in HV systems; live main-
tenance (drones). Improved main-
tenance of HV-system components 
related to environmental (e.g., tree 
growth rate, wind) and operational 
(e.g., hazard rate) effects on assets’ 
lifetime (Holistic approaches).  

F6, F7

4.3.4 4.	Remote LV/MV maintenance opera-
tions by digital communications and 
monitoring equipment 

F6, F7

4.3.5 5.	HV and MV-asset management con-
sidering resiliency against rare, se-
vere-impact events due to natural 
catastrophes, terrorism, cyber-at-
tacks using standardisation for diag-
nostic methodologies (for validating 
measuring chain, for safety of [live] 
operation). 

F6, F7

4.3.6 6.	Training of maintenance operators 
for their adaptation to digital environ-
ments (i.e. human-machine interfaces) 
and new robotic solutions. Optimise 
maintenance-related costs (accuracy, 
redundancy, etc.) of the ICT infrastruc-
ture for collecting and processing data 
(both for on-line monitoring of compo-
nents and data storage) 

F7

4.3.7 7.	Optimized lifespan of storage systems 
and the failure modes, including sto-
chastic cycling profiles, CAPEX, OPEX, 
efficiency.

F7, F8, F9, F10

4.3.8 8.	Smart sensors and online monitoring 
and diagnostic systems for the opti-
mal maintenance of hydropower and 
pumped-storage units. 

F6, F10

4.3.9 9.	Improved lifetime of thermal genera-
tion with fast cycling ability and fuel 
flexibility. 

F6, F7, F9, F10

4.4 4.4.1 1.	Grid stability support by DER (dis-
tributed generation, storage and 
flexible demand) and by microgrids 
and nanogrids connected at the dis-
tribution networks to the stability 
and control of the bulk transmission 
network. 

F1, F5, F7, F10, 
F11, F12
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

4.4.2 2.	Control concepts for providing syn-
thetic inertia from power electronic 
converters and additional damping of 
oscillations, for instance by conven-
tional rotating machine concepts like 
the VFT (Variable Frequency Trans-
former) 

F5, F7, F10

4.4.3 3.	Stability and control of AC, DC and 
Hybrid Microgrids in islanded mode of 
operation. 

F1, F3, F7, F10

4.4.4 4.	Models and tools for converter driv-
en stability including fast interaction 
(dynamic interactions of the control 
systems of power electronic-based 
systems, e.g. DGs, HVDC, and FACTS 
with fast-response components of 
the power system, such as the trans-
mission network, or other power 
electronic-based devices) and slow 
interaction (dynamic interactions with 
slow-response components, such as 
the electromechanical dynamics of 
synchronous generators phenomena. 

F7, F9, F10

4.4.5 5.	Models and techniques (incl. artifi-
cial analysis) for rotor-angle, voltage 
and frequency stability of large scale 
transmission systems with high pen-
etration of Variable RES. 

F6, F7, F9, F10

4.4.6 6.	Development and validation of equiv-
alent models of aggregated network 
and system components consisting of 
multiple technologies and potential 
energy carriers in different environ-
ments for energy system stability. 

F2, F7, F8, F9, 
F10, F11

4.4.7 7.	Methods and tools to analyse large-
scale inter-area oscillations. Dynamic 
stability in grids with multiple control 
systems 

F7, F9

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

5 5.1 5.1.1 1.	Optimal utilization of DSR (Demand 
Side Response) by TSOs and DSOs and 
their coordination, respecting demand 
requirements, and required data. 

F1, F2, F6, F8, 
F10, F11, F12

5.1.2 2.	Direct load control in close collabora-
tion with telecom operators 

F2, F3, F4, F5, 
F6, F10, F11, 
F12

5.1.3 3.	Incorporation of Active Demand in DSO 
planning and operation, to serve the 
needs of the connected end user and 
aggregators and to defer grid invest-
ments. Prediction of the amount of 
shifted energy or modified consump-
tion in Distribution Networks consid-
ering data availability and information 
exchange models. 

F1, F2, F5, F6, 
F8, F10, F11, 
F12

5.1.4 4.	Models for demand flexibility pro-
vided by integrated energy-intensive 
industries (e.g. steel production) and 
bulk energy storage (P2G, CAES, LAES, 
etc.). 

F1, F2, F9, F10, 
F11

5.2 5.2.1 1.	Contribution of WTs (Windturbines) 
and PVs to system flexibility. Devel-
opment of efficient controls for wind 
turbines and PV MPPT (Maximum 
Power Point Tracking) to take into ac-
count flexibility, reserve sharing, etc. 

F9, F10

5.2.2 2.	Increase operational flexibility of hy-
dropower and pumped storage plants, 
while reducing the negative effects on 
highly reduced lifetime and security 
risks from sudden outage. 

F9, F10

5.2.3 3.	Increase the flexibility of thermal 
generation, i.e. their speed of ramp-
ing up and down, start-up/shut down 
capabilities and minimum loads. In-
crease efficiency and lower GHG and 
CO2-emissions without compromising 
ability for waste heat recovery (ORC, 
etc). 

F2, F7, F8, F9, 
F10, F11

5.2.4 4.	Increase fuel flexibility of ther-
mal power plants for using (mixing 
and switching) different sources of 
CO2-neutral fuels (hydrogen, biomass 
and biofuels).  

F2, F7, F10, F11, 
F12
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

5.2.5 5.	Develop and test solutions for in-
tegrated flexible small and medium 
scale thermal generation of electric-
ity, heating and cooling, storage, de-
velop impact studies and demonstra-
tion (including environmental, user 
and societal and economic impacts). 

F2, F6, F7, F8, 
F10, F11, F12

5.2.6 6.	Development of highly efficient, in-
tegrated cogeneration units of vary-
ing size with decoupled use of heat & 
power, powered by hydrogen, biomass 
and biofuels. 

F1, F2, F7, F10, 
F11

5.2.7 7.	Develop European hydro energy sys-
tem model based on hydro power data 
set. Develop European wide reservoir 
and river inflow data set based on up 
to date climate simulations. 

F7, F9, F10

5.3 5.3.1 1.	Studies for storage flexibilities in op-
eration of electrical grids (including 
Microgrids). Storage sizing and siting 
(also hybrid technologies) depending 
on applications and their character-
istics (CAPEX, OPEX, cycling, lifetime, 
efficiency, interconnection with other 
energy carriers, environmental and 
social aspects (LCA)) 

F5, F6, F7, F8, 
F9, F10, F11, 
F12

5.3.2 2.	Integration of energy storage systems 
with conventional power generators, 
such as cogeneration, hydropower, 
thermal plants to increase their flex-
ibility and improve operation (incl. 
effectiveness and load hours of com-
bined heat and power). 

F5, F6, F7, F10

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

5.3.3 3.	Flexibility potential from aggregat-
ed heating (and cooling) storage at 
household / building / industrial level 
to provide system services (balanc-
ing).  Power-to-heat technologies, 
like heat pumps, heat boilers, etc. 

F2, F9, F10, F11, 
F12

5.3.4 4.	Large-scale power-to-gas applica-
tions: Dynamics of coupled, integrated 
energy systems when producing large 
quantities of methane (power-to-
gas) to be injected into the gas system 
(pipelines and underground storages).  

F2, F5, F8, F10, 
F11, F12

5.3.5 5.	Stand-alone (islands) buildings, living 
quarters and small and medium sized 
businesses and industries, supplied 
by renewable generation, sector-cou-
pling and storage components (P2hy-
drogen, P2G, P2H, P2fuels (involving 
carbon capture), P2chemicals and vice 
versa; flex control of P2H conversions.

F2, F3, F5, F6, 
F8, F9, F10, F11, 
F12

5.4 5.4.1 1.	Increasing flexibility in transmission 
and distribution networks by flexible, 
power electronics grid technologies, 
such as FACTS, PSTs and HVDC links, 
smart transformers (power electron-
ics OLTCs), open soft points, FACDS,  
fault current limiters, etc.  

F1, F2, F4, F5, 
F6, F7, F8, F9, 
F10

5.4.2 2.	Flexibilities provided by distribution 
network reconfiguration 

F1, F2, F6, F7, 
F9, F10

5.4.3 3.	Standardised HVDC multi-terminal 
networks to coordinate power flows 
among different regions and to con-
nect off- and onshore Wind Power 
plants 

F1, F7, F9, F10

4.	Dynamic Line Rating (DLR) solutions in 
capacity calculations of transmission 
and distribution grids . 

F6, F7, F8

5.5 5.5.1 1.	Centralized and distributed algo-
rithms for efficient management 
of EV charging, supporting busi-
ness-to-customers and busi-
ness-to-business relationships and 
ensuring easy and secure payments 
for customers (incl. roaming services).

F2, F5, F7, F8, 
F10, F11, F12
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

5.5.2 2.	Energy management in transport 
electricity networks (railway, metro, 
tramway, trolleybus, etc) to provide 
ancillary services to DSOs via storage 
facilities in the substations of the PCC 
(point of common coupling)

F1, F2, F5, F7, 
F10, F11, F12

5.5.3 3.	Flexibility services offered by trans-
port electrification, especially Electric 
Vehicles with Grid to Vehicle G2V and 
Vehicle to Grid V2G capabilities on 
distribution grid operation, especially 
for load flattening, system balancing 
and voltage support.

F2, F5, F7, F10, 
F11, F12

6 6.1 6.1.1 1.	Steady State and Dynamic State Es-
timation of transmission systems 
using intelligent monitoring devices, 
like PMUs, intelligent sensors and data 
processing. (Distributed observability 
of the transmission system) 

F1, F2, F4, F5, 
F6, F7, F9, F10, 
F11, F12

6.1.2 2.	Increased Observability and State Es-
timation of distribution systems (MV 
and LV) using smart meter consumer 
data. Advanced forecasting and data 
flow between DSOs and TSOs 

F1, F3, F5, F6, 
F7, F9, F10, F11, 
F12

6.1.3 3.	Real-time observability of RES (al-
gorithms and tools) and improved 
forecasts for operational planning 
purposes 

F9, F10, F11, 
F12

6.2 6.2.1 1.	Optimal Load Frequency Control con-
sidering requirements for telecom-
munication infrastructures, latencies 
and reliabilities 

F6, F7, F9, F10

2.	Contribution of RES to primary voltage 
and frequency control of power grids 
with emphasis on weak grids (includ-
ing islands). Provision of primary re-
serves by kinetic energy of WT rotors, 
synthetic inertia by PE interfaced DER, 
PE based reactive power control, etc.

F5, F7, F10

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

3.	Primary voltage and frequency con-
trol of distribution grids (intercon-
nected or islanded) with very low or 
no inertia by Power Electronics in-
terfaced DER, local storage and load, 
VPPs, etc. 

F7, F9, F10, F11, 
F12

6.3 6.3.1 1.	Advanced RES forecasting considering 
weather forecasts, local ad-hoc mod-
els, historical data and on-line mea-
surements. 

F5, F6, F7, F9, 
F10, F11

6.3.2 2.	Hydropower forecasting based on 
weather, precipitation models and live 
sensors.

F1, F9, F10

6.3.3 3.	Solving location-based grid con-
straints with the use of short-term 
forecasting of generation and load and 
exploiting customer behaviour and 
flexible loads, including EV charging. 

F3, F6, F7, F9, 
F10, F11, F12

6.3.4 4.	Optimal scheduling of generation 
units (unit commitment, economic 
dispatch), reserve allocation and op-
timal power flow in highly uncertain 
conditions. 

F4, F6, F7, F9, 
F10

6.3.5 5.	Optimal distribution network config-
uration taking into account increased 
monitoring capabilities at distribution 
level, automatic LV and MV System 
Topology identification and day-ahead 
forecasting.  

F7, F9

6.3.6 6.	Massive use of control technologies 
in secondary substations and the re-
sulting coordination needs for system 
operators. 

F7, F10

6.4 6.4.1 1.	Protection of distribution networks 
with low fault currents due to high 
penetration of PE interfaced DER 

F7, F9

6.4.2 2.	DC grid protection, protection relays 
and breakers, multi-vendor solution 
with the consideration of interopera-
bility, standardization

F7, F9

6.4.3 3.	Distribution network operational 
measures, like topology optimisation 
and DER operational planning for in-
creasing network resilience against 
natural disasters, terrorism and cy-
ber-attacks.  

F3, F6, F7, F9, 
F10, F11, F12
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Research (TRL 3-5)

Demonstration (TRL 6-8)

Deployment (TRL 9)

F1

F5

F9 F10

F6

F2 F3

F7

F11 F12

F8

F4

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

6.4.4 4.	Bottom up restoration by DER support 
and storage including intentional is-
landing techniques via Microgrids and 
Web-of Cells approaches. Synchroni-
zation of DER and storage reconnec-
tion. 

F1, F2, F4, F5, 
F6, F7, F8, F9, 
F10, F11, F12

6.4.5 5.	Self-healing techniques at distribu-
tion level by automatic fault clearing 
procedures in automatic power sys-
tem restoration 

F7

6.4.6 6.	Efficient Load Shedding techniques 
and tools considering reactive power 
and voltage control 

F1, F7, F9, F11

6.4.7 7.	Security support by various multi-en-
ergy carriers in the distribution elec-
tricity network (e.g. electric pumps in 
the district heating and cooling net-
works, or in the drinking and waste-
water networks, as well as electric 
compressors and control equipment in 
the gas network). 

F1, F2, F6, F9, 
F10, F11, F12

6.4.8 8.	Pan-EU or multi-regional system 
restoration based on coordination 
of tie lines and/or black start units, 
whilst considering system condition, 
system constraints, available resourc-
es and regulatory rules. Minimize 
negative impacts of switching actions 
from one Transmission System to the 
neighbouring ones. 

F1, F4, F5, F6, 
F7, F8, F9, F10

6.5 6.5.1 1.	Wide Area Monitoring and Control 
Architecture for Transmission Sys-
tems: High-performance and high-
speed communication infrastructure 
combined with sensing technologies, 
automation and control methods, also 
for critical situations.

F1, F6, F7

RA RSA Task 
No

Tasks - ETIP SNET R&I ROADMAP 
2020-2030

Involved 
FUNCTIONALITIES 24 26 28 30 30+

6.5.2 2.	Energy Management platforms for 
TSOs (with the associated monitoring 
and control systems) able to interact 
with local markets and with embedded 
functionalities such as self-healing 
capabilities for fault management. 

F1, F5, F6, F7, 
F8, F10

6.5.3 3.	Energy Management Platforms for 
DSOs allowing active participation of 
customers in energy market and in the 
grid operation optimization, interop-
erability with other actors (retailers, 
aggregators, TSOs) for grid status and 
data and smart metering data pro-
cessing. Advanced functionalities for 
forecasting, protection and optimiza-
tion in preventive and corrective way.

F1, F2, F5, F6, 
F7, F8, F10, F11, 
F12

6.5.4 4.	Control center architectures for dis-
tributed network control (e.g. Web-
of-Cells and Microgrids) considering 
new sensors (e.g. fault detectors, 
voltage and current sensors in gen-
eration, storage, buildings, EVs, in-
dustry, etc) and also MV levels with 
limited bandwidths.

F1, F2, F5, F7, 
F8, F9, F10, F11, 
F12

6.5.5 5.	Anti-islanding protection, control of 
intentional islanding. Technical, eco-
nomic and regulatory dimensions of 
interaction with local DER for island-
ing. 

F5, F7, F8, F9, 
F10

6.5.6 6.	Advanced Training simulators for DSOs 
and TSOs (e.g. using Digital Twins) in 
order to adapt to new Network Ener-
gy Management platforms (including 
multi-energy carrier systems). 

F2, F3, F5, F6, 
F7, F8, F9, F10, 
F12

6.5.7 7.	Advanced MMI (Man-Machine-Inter-
face) for Energy Management System 
control rooms at all voltage levels, 
provision of suitable indicators for 
resilience / vulnerability and other 
criteria to help network operators 
to make decisions for preventive and 
corrective actions. 

F1, F2, F5, F6, 
F7, F9, F10, F11, 
F12
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Methodology for 
FUNCTIONALITIES

The following structures have been used in the 
Chapter “FUNCTIONALITIES 2030” of this ETIP 
SNET R&I Roadmap.

Main Title “BUILDING BLOCK OF THE VISION 2050”

WHY does the Integrated Energy System need 
the FUNCTIONALITY? This indicates the leg-
islative context, its evolution, justifying the 
need of having the FUNCTIONALITY.

WHAT FUNCTIONALITIES are needed to achieve the 
Objective, what R&I needs to be done for enabling a 
successful real-world realisation of the FUNCTIONAL-
ITIES by the year 2030? The ETIP SNET Vision 2050 
Building Blocks are repeated in bold in the text. For 
each FUNCTIONALITY, ETIP SNET describes the ex-
pected characteristics by the year 2030. 

Tasks typically take an R&I-Journeyss (First 
Research, usually followed by Demonstration, 
followed by Deployment) in the time frame be-
tween 2020 and 2030.

For each task (for list of tasks, see Annex II), an 
R&I-Journeys is defined to realise the FUNC-
TIONALITY by the year 2030. This is shown in 
tables displaying indicators for each research 
area (RA) and research sub-area (RSA) with 
a color code indicating the RD (Research / 
Demonstration)-maturity needed for each 
timeline (24: 2021-2024; 26: 2023-2026; 28: 
2025-2028; 30: 2027-2030; 30+: beyond 2030).

Each R&I-maturity uses a specific color code and dis-
play:

•• Red / Research: Indicates that the associated 
tasks are assumed to be at the Research level 
in the year indicated by the associated column 
header (i.e. not yet at demonstration or deploy-
ment level),

•• Orange / Demonstration: Indicates that the tasks 
are assumed to be at Demonstration level (i.e. 
beyond Research level, but not yet at Deploy-
ment level) at the latest in the year indicated by 
the associated column header.

The number of R/D tasks is materialised by the 
area size of a circle: the larger the circle area, 
the higher is the number of tasks whose goals 
shall be solved by the respective year and R- 
or D-maturity. An empty cell means means that 
no Research and no Demonstration task was 
identified for the FUNCTIONALITY by the re-
spective year.

Deployment: It is implied that in the time period after 
the Demonstration maturity has been reached, the 
task shall reach the Deployment level. Budgets for De-
ployment are not taken into consideration in this ETIP 
SNET R&I Roadmap 2020-2030.
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Annex IV:
Summary of tasks 
contributions 
to individual 
functionalities 
for ETIP SNET R&I 
Roadmap 2020-
2030

In the following Table 18, 

•• the size of red-colored circle areas is proportion-
al to the number of Research tasks with signifi-
cant contributions to one or more FUNCTIONAL-
ITIES defined in the ETIP SNET R&I Roadmap 
2020-2030 

•• the size of visible orange-colored areas is pro-
portional to the number of Demonstration tasks, 
each with significant contributions to one or more 
of the 12 FUNCTIONALITIES ETIP SNET R&I 
Roadmap 2020-2030.

Demonstration tasks may also include supporting Re-
search. This table does not explicitly mention Deploy-
ment tasks and goals during the period 2020-2030.
However, they are implied to happen in the IP-periods 
after the tasks have fully reached Demonstration level. 

In addition to the number of R(esearch)-Tasks and 
D(emonstration)-Tasks, the following table shows the 
expected budget for each RSA and each FUNCTION-
ALITY for the ETIP SNET R&I Roadmap 2020- 2030, 
visualised by background colour intensity: 

•• black background in table cells: highest budgets 
among all RSA and FUNCTIONALITIES of the 
period 2020-2030. 

•• white background in table cells: lowest budgets 
among all TOPICs and FUNCTIONALITIES of 
the period 2020-2030. 

The first row of the table deals with the tasks associ-
ated to RSA 1.1 (“Social campaigns and social stud-
ies (related to societal acceptance and environmental 
sustainability of energy infrastructures)”). These tasks 
contribute in different intensities to the 12 FUNCTION-
ALITIES. 

•• Tasks related to RSA 1.1 contribute to all FUNC-
TIONALITIES except for F4 and F9 where there 
are no circles for Research tasks (red) and no 
circles for Demonstration tasks (orange). 

•• Most demonstration activities within tasks related 
to RSA 1.1 serve the achievement of FUNCTION-
ALITY F3, F5 and F6 (largest orange circles). 

•• The highest budget shares within tasks related 
to TOPIC 1.1 are dedicated to FUNCTIONALITY 
F3, F5 and F7 (darkest grey colour of the cells 
within RSA 1.1). The individual tasks of RSA 1.1 
and all other TOPICS can be found in this ETIP 
SNET R&I Roadmap 2020-2030, Annex II.
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Digitalisation 
enables new 
services for 
Integrated 

Energy Systems

F6  
Digitalisation

F7       
Electricity 

Systems and 
Networks

F8      
Business

F9  
Simulation

F10 
Flexibility

F11      
Heating 
Cooling

F12 
Transport

MIO EUR 
expected 
Budget

54M€

98M€

63M€

114M€

316M€

337M€

178M€

353M€

129M€

163M€

333M€

195M€

113M€

124M€

Infrastructure for Integrated Energy 
Systems as key enablers of the energy 

transition
Efficient energy useBuilding Block (ETIP SNET VISION 2050) => 

F1 
Cooperation

F2  
Cross-Sector

F3 
Subsidiarity

F4  
Wholesale

F5  
Retail

RSA 1.1.
Social campaigns and social studies (related to 

societal acceptance and environmental 
sustainability of energy infrastructures)

RSA 1.2.
Adaptive consumer/user behaviour including 

energy communities (interaction, incentives by 
dynamic tariffs)

RSA 1.3. Consumer and prosumer device control

RSA 2.1. Business models (including Aggregators) 

RSA 2.2.
Market design and governance (Retail, 

Wholesale; Cross-border; Ancillary services; 
Flexibility markets)

RSA 3.1.
Protocols, standardisation and interoperability 

(IEC, CIM, Information models)

RSA 3.2.
Data Communication (ICT) (Data acquisition, 

Smart Meter, Sensors (monitoring), AMR, AMM, 
smart devices)

RSA 3.3.
Data and Information Management 
(Platforms, Big Data, Software, IoT)

RSA 3.4.
Cybersecurity (vulnerabilities, failures, risks) 

and privacy

RSA 3.5.
End-to-end architecture (integrating market, 
automation, control, data acquisition, digital 

twin, end-users)

RSA 4.1.
Integrated Energy System Architectures (design 
including new materials and hybrid AC/DC grids)

RSA 4.2. Long-term planning (System development)

RSA 4.3.
Asset management and maintenance 

(maintenance operation, failure detection, asset 
lifecycles, lifespan and costs, ageing)

RSA 4.4. System Stability analysis

The efficient organisation of energy 
systems

Markets as key enablers 
of the energy transition

FUNCTIONALITIES => 

TOPIC
↓

No.
Research Areas 

(RA)

1. CONSUMER, 
PROSUMER and 
CITIZEN ENERGY

COMMUNITY

2. SYSTEM 
ECONOMICS

3. 
DIGITALISATION

4. PLANNING -
HOLISTIC 

ARCHITECTURES 
and ASSETS

Table 18: RM Period 2020-2030 with number of Research (red) and Demonstration 
(orange) Tasks and expected budgets (number of Research and Demonstration Tasks is 
proportional to visible red and orange areas; total budget: the higher the budget, the 
darker the background)
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F1 
Cooperation

F2  
Cross-Sector

F3 
Subsidiarity

F4  
Wholesale

F5  
RetailFUNCTIONALITIES => 

TOPIC
↓

No.
Research Areas 

(RA)

RSA 5.1.
Demand flexibility (household and industry 

related)

RSA 5.2.
Generation flexibility (flexible thermal, RES such 

as Hydro, PV and wind generators)

RSA 5.3.
Storage flexibility & Energy Conversion

flexibility (PtG&H, PtG, GtP, PtL, LtP; PtW; WtP)

RSA 5.4.
Network flexibility (FACTS, FACDS, smart 

transformers and HVDC)

RSA 5.5.
Transport flexibility (V2G/EV; railway, trams, 

trolleybus)

RSA 6.1. Supervisory control and State estimation

RSA 6.2.
Short-term control (Primary, Voltage, 

Frequency)

RSA 6.3.

Medium- and long-term control (Forecasting (Load, 
RES), secondary & tertiary control: LFC, operational 

planning: scheduling/optimization of active/reactive 
power, voltage control)

RSA 6.4.
Preventive control/restoration (Contingencies, Topology 

(including Switching) optimisation, Protection, 
Resilience)

RSA 6.5.
Control Center technologies (EMS, platforms, 

Operator training, Coordination among Control 
Centers)

315M€ 282M€ 154M€ 122M€ 352M€
 Total Budget 

ETIP SNET R&I Roadmap 2020-2030

5. FLEXIBILITY 
ENABLERS and 

SYSTEM 
FLEXIBILITY

6. SYSTEM 
OPERATION

Digitalisation
Networks

Business Simulation Flexibility
Cooling

Budget

99M€

226M€

210M€

120M€

71M€

128M€

50M€

122M€

193M€

210M€

457M€ 515M€ 387M€ 351M€ 525M€ 301M€ 238M€ 4000M€

Building Block (ETIP SNET VISION 2050) => 

F1 
Cooperation

F2
Cross-Sector

F3 
Subsidiarity

F4
Wholesale

F5
Retail

RSA 1.1.
Social campaigns and social studies (related to 

societal acceptance and environmental
sustainability of energy infrastructures)

RSA 1.2.
Adaptive consumer/user behaviour including

energy communities (interaction, incentives by 
dynamic tariffs)

RSA 1.3. Consumer and prosumer device control

RSA 2.1. Business models (including Aggregators) 

RSA 2.2.
Market design and governance (Retail,

Wholesale; Cross-border; Ancillary services;
Flexibility markets)

RSA 3.1.
Protocols, standardisation and interoperability

(IEC, CIM, Information models)

RSA 3.2.
Data Communication (ICT) (Data acquisition, 

Smart Meter, Sensors (monitoring), AMR, AMM,
smart devices)

RSA 3.3.
Data and Information Management (Platforms,

Big Data, SW, IoT)

RSA 3.4.
Cybersecurity (vulnerabilities, failures, risks)

and privacy

RSA 3.5.
End-to-end architecture (integrating market,
automation, control, data acquisition, digital

twin, end-users)

RSA 4.1.
Integrated Energy System Architectures (design 
including new materials and hybrid AC/DC grids)

RSA 4.2. Long-term planning (System development)

RSA 4.3.
Asset management and maintenance 

(maintenance operation, failure detection, asset
lifecycles, lifespan and costs, ageing)

RSA 4.4. System Stability analysis

The efficient organisation of energy 
systems

Markets as key enablers 
of the energy transition

FUNCTIONALITIES => 

TOPIC
↓

No.
Research Areas

(RA)

1. CONSUMER, 
PROSUMER and
CITIZEN ENERGY

COMMUNITY

2. SYSTEM 
ECONOMICS

3. 
DIGITALISATION

4. PLANNING -
HOLISTIC 

ARCHITECTURES
and ASSETS

Digitalisation 
enables new 
services for 
Integrated 

Energy Systems

F6  
Digitalisation

F7       
Electricity 

Systems and
Networks

F8      
Business

F9
Simulation

F10 
Flexibility

F11      
Heating
Cooling

F12 
Transport

MIO EUR 
expected
Budget

54M€

98M€

63M€

114M€

316M€

337M€

178M€

353M€

129M€

163M€

333M€

195M€

113M€

124M€

Infrastructure for Integrated Energy 
Systems as key enablers of the energy 

transition
Efficient energy use
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This publication has been developed in the frame of the INTENSYS4EU project, which supports 
ETIP SNET activities and has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No 731220.
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