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Policymakers have set Europe on an am-
bitious renewable energy journey to deliver 
Net-Zero carbon emissions by 2050. This pio-
neering journey has far-reaching implications 
for many sectors, most notably energy and, by 
inference, electricity.  

Along this journey, by 2030, over 50% 
of electricity demand in the pan European 
power system will be met by Renewable Energy 
Sources of Electricity (RES-E), much of which 
must come from variable renewable sources, 
namely wind and solar. It is estimated that 
across Europe, 350 GW of wind and 285 GW 
of solar are required to meet 2030 targets.

At present, electricity is mainly produced 
centrally by very large conventional power 
stations and transmitted across national and 
transnational power grids, down to distribution 
systems, and to where energy was consumed 
in our homes, factories and so on. While electri-
city will continue to be produced centrally 
at transmission level by renewable and other 
large generating facilities (both on and offsho-
re), we are beginning to see the proliferation 
of decentralised and smaller sources of rene-
wable electricity generation at the distribution 
level, right down to our homes, for examp-
le, in the form of rooftop solar photovoltaic 
(PV). This changes not only the dynamics but 
also the power flows in the energy system.

Moreover, demand for electricity is set 
to dramatically increase by 2050, from 20% 
of overall European energy use today to more 
than 40% of energy needs. A significant factor 
associated with this increase in demand is the 
electrification of our cars and other transport, 
along with industrial and domestic heating. 
It has significant implications for electricity 
systems, increasing demand, changing energy 
use patterns, potentially resulting in additional 
system constraints. At scale, this potentially 
presents significant challenges for power 
system operation both at a transmission and 
distribution level. 

On the other hand, if changing energy use 
patterns are managed correctly, the aggrega-
tion of generation and demand sources with 
storage capability can offer solutions and servi-
ces to grid operators, an opportunity that also 
exists with grid-scale storage and network 
assets. 

One of the overriding challenges 
for grid operators through this transfor-
mational change is to continue to ensure 
balancing, stability, reliability and resilience 
of the power system, ensuring not only gene-
ration meets demand at all times, but also 

that the electrical characteristics of the power 
system are maintained within adequate ope-
rational parameters. 

Considering the displacement of conven-
tional generation and its replacement with 
variable renewable technology such as wind 
and solar:

• Firstly, wind and solar are variable in nature 
and subject to weather conditions. 

• Secondly, they are non-synchronous, 
as they are not by nature electromechani-
cally synchronised to the system, i.e., they 
interface through power electronics to the 
power grid. 

• Thirdly, conventional generation has 
inherent performance characteristics 
and capability which provide much 
of the grid services (traditionally called 
ancillary services) required to maintain 
system parameters. As this form of power 
generation is displaced by variable 
sources of renewable generational this 
inherent capability diminishes and must 
be replaced.

  
Given the changing dynamics on the power 

system, it is imperative that power system ope-
ration becomes more flexible, adaptable and 
capable. This can only happen with the right 
technological, system and process changes, 
along with market enhancements to incentivi-
se investment in the flexibility needed.

Over a four-year period from 2017, 
the EU-SysFlex project consortium has ana-
lysed different dimensions of future power 
system complexities. From a top-down per-
spective, ambitious renewable scenarios were 
explored and studied to identify which challen-
ges arise, given the changing energy landsca-
pe by 2030 and beyond, what new capabili-
ties and system services will be required and 
what mitigation measures can be put in place 
to address them. It is clear from this analysis 
that significant technical scarcities in flexibility 
appear as we transition to a European power 
system with a high share of variable renewable 
energy sources (VRES). In response, innovative 
system services capability will be required from 
a wide range of technologies, as well as enhan-
ced flexibilities across all voltage levels at Eu-
ropean scale. This will require significant mar-
ket design and regulation changes to ensure 
investment in the flexibility required by system 
operators.
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Through demonstrations and trials 
conducted across Europe, technological 
capability to provide services to the grid at 
Distribution System Operator (DSO) level, 
Transmission System Operator (TSO) level, 
coordination across DSO/TSO as well as cross 
border data management and exchange were 
explored. 

Efficient coordination between TSO and 
DSO is critical to ensure more effective and 
efficient use of distributed flexible capability 
and to maximise the benefit to the overall 
power system. Aggregation of decentrali-
sed resources through Virtual Power Plant 
demonstrated access to a wider and more 
reliable range of flexibility options, including 
the participation of residential customers 
and a range of distribution connected assets. 
Efficient access, activation and optimisation 
of services from a larger number of smaller 
and decentralised sources requires not only 
coordination and market enhancements but 
also interoperability, secure management and 
exchange, and standardisation of data. 

Finally, renewable integration and operation 
at high levels of variable renewable technology, 
such as wind and solar, require new operator 
decision support tools with enhanced 

forecasting, state estimation and optimisation 
capability.    

The EU-SysFlex flexibility roadmap 
for European Power Systems incorporates 
the findings and results of the EU-SysFlex 
project. It provides a pathway that facilitates 
a high share of renewable energy integrati-
on across Europe. It relies on scalability and 
replicability of solutions from the project 
demonstrations, the analysis carried out 
on system scarcities, required mitigations 
and enhancement in services, market design, 
system operator procedures, and data man-
agement. The approach taken by EU-SysFlex 
in developing this roadmap was to focus 
on key pan-European challenges which must 
be addressed to achieve our renewable 
ambition. These findings can assist in policy 
recommendations and in the development 
of detailed national and regional action plans.

This summary report focuses on the eight 
key messages and policy recommendations 
based on EU-SysFlex studies and trials, which 
represent the roadmap‘s fundamental core. 

The final roadmap document and project 
deliverables can be found on the link below:

https://eu-sysflex.com/documents/

Figure 1: The EU-SysFlex Key Messages. 2
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TECHNICAL SCARCITIES

As we transition to a European 
power system with a high share 
of variable renewables significant 
technical scarcities in flexibility 
appear.

Some technical scarcities 
represent emerging areas 
of concern, while others are 
well-known, but are exacer-
bated by the transition to high 
levels of renewables. The non-
-synchronous nature of wind 
and solar resources represents 
a particular challenge. All 
scarcities require mitigation 
measures to ensure continued 
safe, secure and efficient 
power system operation to 
support Europe’s renewable 
and net-zero ambition.

The technical characteristics of the power system are 
changing with the transition to high levels of variable non-
synchronous (i.e. wind and solar generation), which is leading 
to technical issues and scarcities in essential capabilities 
of the power system for secure and stable operation.

With the decommissioning of conventional power gene-
ration, that traditionally provides reserves and system flexi-
bility, technical scarcities begin to appear, not only in inertia 
and frequency control, but also in voltage and rotor angle 
stability as well as in congestion management and energy 
balancing. Amongst other levers, these scarcities provide 
evidence of the need for system services to come from 
a wider pool of resources, including both new and existing 
technologies. While some issues are well-known and mecha-
nisms already exist for addressing them (such as frequency 
and voltage control), the transition to higher levels of non-
-synchronous renewables, and, therefore, the displacement 
of conventional generation, requires solutions and capabi-
lities from newer and a wider range of resources, including 
renewable generation itself. These issues are emerging 
at both transmission and distribution system level and will 
require mitigation actions. 

The EU-SysFlex Renewable Ambition Scenario, is built with 
66% RES at a European level, over half of which are variable 
(wind and solar). Scarcities are evident even at “only” 34% 
VRES and need to be solved to pursue the journey to net-ze-
ro. The severity and likelihood of the emergence of technical 
scarcities are system-dependent, and are strongly linked 
to the share of system demand that is met by variable and 
non-synchronous generation. Indeed, the more variable 
generation utilised to meet the demand, the more scarci-
ties that are likely to appear and the greater the challenge 
in dealing with them. Technical scarcities are particularly 
evident for more isolated systems, such as Ireland and 
Northern Ireland power system, or the Iberian Peninsula, as 
the EU-SysFlex studies have shown. However, even a large 
synchronous system with strong interconnection, such 
as Continental Europe, experience scarcities in stability 
control, for example, during system split situations. Scarci-
ties in congestion management are already present in some 
areas in Continental Europe such as Germany and spreading 
with higher shares of variable decentralised generation. Ba-
lancing also proves more and more challenging as variable 
generation increases, especially in the winter when demand 
increases and solar produces less, raising questions about sea-
sonal storage and keeping flexible thermal plants.

Evidence from the EU-SysFlex project suggests that the 
Continental European system will experience more issues 
of concern and technical scarcities in key system support 
capabilities as it evolves with higher levels of variable non-
synchronous generation.
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Two core scenarios were developed 
in EU-SysFlex for the pan-European system 
(Energy Transition with 52% RES-E and 
Renewable Ambition with 66% RES-E), 
as depicted in Figure 2. The 52% and 66% 
RES-E figures are the average figures 
across the pan-European power system 
for each of the scenarios. These values can 
be higher or lower for individual member 
states. These scenarios define the insta-
lled generation capacities by fuel type, 
demand, interconnection and storage 
portfolios to be used. They also include con-
sideration of demand electrification based 
on increased adoption of electric vehicles 
and electric heating, as well as considera-
tion of interconnection capacity between 
countries. 
As shown in Figure 3, the analysis 
of the Continental European and Nordic 
systems for the year 2030 clearly demon-
strated technical scarcities associated 
with certain domains of system stability 
(e.g. voltage control), while also highligh-
ting emerging scarcities for others (e.g. 
frequency control and congestion man-
agement). These scarcities are indicators 
of the evolution of system capability needs, 

due to changes in the system generation 
portfolio, increasing VRES levels, and the 
stress placed upon existing operational 
practices and policies. These scarcities 
are more evident for the Ireland and 
Northern Ireland system for the year 2030, 
which has the highest VRES level and in-
stantaneous SNSP level of the three systems 
studied, and manifest technical scarcities 
across multiple categories of system stabi-
lity for the scenarios analysed. Reflective of 
this trend, there is evidence that as higher 
and higher levels of non-synchronous RES 
generation are added, the Continental 
European system will experience more 
issues of concern and will generally evolve 
towards experiencing technical scarcities 
in key system support capabilities.
Additionally, work on the impact of increa-
sing variable RES in the system underlined 
scarcities in balancing. The cross-border 
pooling of more resources through the use 
of interconnections and the deployment 
of storage technologies (Electric Vehicles, 
batteries) proved their value to better 
integrate variable generation and limit 
curtailments.

ENERGY TRANSITION
aligned with EU REF 2030

RENEWABLE AMBITION
aligned with EU REF 2050

% of VRE generation

0 % 71 %

INERTIA
FREQUENCY CONTAINMENT
STEADY STATE VOLTAGE
DYNAMIC VOLTAGE
CRITICAL CLEARING TIMES
ROTOR ANGLE MARGIN
OSCILLATION DAMPING
SYSTEM CONGESTION

Nordic System
Continental System
Island of Ireland System
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Figure 2: Share of variable non-synchronous renewable generation (wind and solar)
for power generation for Energy Transition (left) and Renewable Ambition (right).

Figure 3: Summary of the technical scarcities identified for the three synchronous areas. 4



REQUIRED FLEXIBILITY

Enhanced services will be required 
from a wide range of technologies 
in order to mitigate the identified 
technical scarcities and ensure 
the required system flexibility.

Power system simulations and analysis have shown that 
utilising a range of different technologies to provide system 
services capability effectively mitigates, or at least supports 
the mitigation of, the technical scarcities identified in stabili-
ty control. Network technologies, such as synchronous con-
densers, STATCOMs, Static VAr Compensators (SVCs), as well 
as renewable generation technologies, such as wind and 
solar generation, plus batteries and demand-side manage-
ment, are found to be suitable technologies for mitigating 
a range of scarcities that will manifest themselves at high 
levels of renewables. This is a critical result, as these are 
the technologies that will inherently be online and operating 
at times of high renewables, while at the same time displa-
cing conventional synchronous technology, such as thermal 
generation.

The project has also shown the value of cross-border 
and cross-voltage levels pooling of resources to enhance 
the flexibility potential to address scarcities in balancing 
and congestion management. Additional aspects such 
as the increasing share of energy storage in batteries and 
Electric Vehicles at national and pan-European scales 
showed that more variable energy could be integrated 
in the power mix while addressing other scarcities.

The required mix of solutions will need to be assessed 
holistically in order to consider trade-offs and synergies. 
The reason is that some scarcities can be mitigated 
by a range of different technologies and strategies, while 
some technologies can be more effective in mitigating 
a selection of different issues. 

The key will be to identify the mix of technologies 
needed to ensure the reliability, stability and resilience 
of the power system while delivering value to consumers. 
One way to deliver this is to develop regulation and electri-
city market designs that incentivise investment in suitable 
technologies, providing choice, and treating all relevant 
technologies on a level playing field.

More comprehensive operational measures, such as re-
dispatch, for mitigation of scarcities will still be essential 
for supporting the transition or evolution of the power 
system towards decarbonisation, in conjunction with 
the arrival of system services provision from non-synchro-
nous technologies.
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The EU-SysFlex demonstrations and 
trials have proven that decentralised 
technologies can provide some of the 
required system services capability. These 
technologies include, but are not limited 
to, batteries, electric vehicles, demand 
response, wind generation, static var com-
pensators, and virtual power plants. While 
many flexible resources are connected 
to the Distribution Grid, their capability 
to provide services to both Transmission 
and Distribution Operators has been 
showcased. Demonstrations in this project 
have shown that their capabilities can be 
enabled through enhanced TSO-DSO coor-
dination and platforms.
Figures 4, 5, and 6 illustrate some 
examples of field-test implementations 

of several technologies in EU-SysFlex 
(battery energy storage systems (BESS), 
wind farms, and a combination of wind 
farms and DSO capacitor banks, respecti-
vely, in the Finnish, French, and Portuguese 
FlexHub Demonstrations). As can be seen, 
the findings demonstrate that these 
technologies are well capable of providing 
a range of system services (frequency 
support for the first two, and reactive sup-
port services for the last one) in the real 
conditions. As previously stated, the project 
demonstrated the validity of many tech-
nologies in the provision of a wide variety 
of system services. More information is 
available in the EU-SysFlex demonstrati-
ons‘ deliverables.

Figure 4: Office scale BESS under FCR-N operation– Tested by Finnish Demo.

Figure 5: Wind farm‘s performance for providing symmetric FCR service – Tested by French Demo.

Figure 6: TSO needs and assigned reactive power in a market session 
with DSO resources - FlexHub demonstration. 6

In addition to enhancing 
the system services provided 
by existing resources, new 
resources, such as variable 
renewable technologies, 
energy storage, and deman-
d-side response, can offer 
the required system flexi-
bility. Active participation 
from all technologies, new 
and existing, is required.



FINANCIAL GAPS

Existing energy market structures 
will not guarantee the required 
flexibility and volume of system 
services to address the identified 
technical scarcities and support 
investment in low carbon 
generation.

In an energy-only market, and as the power system tran-
sitions to higher levels of variable generation, the number 
of hours with zero system marginal prices increases. This is 
a situation where additional generation can be obtained 
without increasing the market price, as is the case with 
wind and solar generation, since their marginal cost of 
production are almost zero due to their “free” energy sou-
rces. As a result, energy market revenues are falling for all 
generating technologies, and, in particular, revenues for 
the variable renewable resources themselves decline more 
rapidly. In the case of conventional technologies, revenues 
will fall due to the market price but also to the reduction in 
running hours and the increase in start-ups and shut-downs 
expected. 

Analysis has shown that with decreasing market prices, 
existing energy markets will not provide adequate revenues 
to fund future sustainable generation portfolios. Additional 
and adequate revenue streams are needed in order to en-
sure that the required flexible and low-carbon technologies 
and capabilities are present in the system.

One way to do so is to maintain specific incentives 
to develop renewable energy sources. The carbon content 
of energy sources should also be reflected in the costs to fa-
vour low-carbon technologies.

Using Ireland and Northern Ireland as a case study, the ana-
lysis has demonstrated that enhanced System Services can 
provide a revenue stream to improve the financial viability 
of both VRES and conventional technologies.

A market-based rather than a regulated approach 
for the acquisition of flexibility for new and existing system 
services is the preferred solution. However, flexibility mar-
kets need to send clear long-term signals to investors and 
incentivise the participation of new actors and resources. 
In the absence of such markets, sub-optimal portfolios will 
be obtained, which can increase operating costs and CO2 
emissions with increased renewable energy curtailment, 
due to insufficient flexibility and system services capability 
at certain times.

A regulated approach may be required where challen-
ges exist for implementing market-based solutions for 
the required system services in the short to medium-term, 
in order to facilitate the integration of higher levels of VRES, 
and/or when the current availability of assets in the market 
does not guarantee sufficient availability of system servi-
ces to facilitate the establishment of a competitive liquid 
market. However, even with a regulated approach, relevant 
early-stage markets should be developed (e.g. secondary 
trading of certificates) with a view to moving gradually to-
wards a fully market-based approach.
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Figure 7 represents the share of fixed 
costs in orange and variable costs 
associated to fuel and exploitation 
in blue for the European power system, 
based on EU-SysFlex studies. It shows 
the impact of VRES penetration on the 
structure of total generation costs (fixed 
and variable costs), excluding necessary 
network reinforcement, interconnections, 
or smart technologies deployment costs 
that are not assessed here. At a share 
of 23% VRES, the cost structure is split 40% 
for variable costs and 60% ratio for fixed 
costs. The share of fixed costs increases 
steadily with the share of VRES, as an 
increasing volume of production becomes 
renewable, thereby having zero or close 
to zero variable cost. With a share of 55% 
of VRES, 92% of the total cost comes from 
fixed costs, to which significant network 
reinforcement costs would most likely 
need to be added. 

Figure 8 shows the difference between 
market revenues (solid line) and costs (do-
tted line) on average for Europe for each 
RES technology. A coloured triangle mate-
rialises in the area for which the market 
revenues do not cover costs1. The carbon 
price value for all shares of VRES is 
€90/tCO2 from the scenario Renewable 
Ambition and this has a direct impact 
on the market revenues for RES. With hi-
gher shares of VRES, the need for subsidies 
becomes larger despite the high carbon 
price. A lower carbon price would shift the 
solid curves towards the horizontal axis on 
the graph, thereby shifting towards the 
left the breakeven point and increasing 
the market revenue gap. This would be the 
case for Energy Transition where the CO2 
price of 27€/tCO2 leads to lower marginal 
costs than for Renewable Ambition.

Figure 8: Annual market revenue and costs depending on VRES share.
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Figure 7: Distribution between fixed and variable costs depending on the share of VRES.

1 Costs hypotheses for VRES come from the latest WEO New Policy Scenario at horizon 2040      
   and take into account updated prospective costs for RES investment and maintenance costs.

Relying on existing energy 
market structures will 
result in future financial 
shortfalls for all generating 
technologies, due to reduced 
energy revenues in the long-
term horizon.



MARKET EVOLUTION

New flexibility products and 
market evolution are required 
to ensure the provision of sufficient 
system services capability to 
mitigate the identified technical 
scarcities.

As the system transitions to increasing levels of VRES, sys-
tem scarcities arise, and system services help mitigate them. 
The design of flexibility products to provide system services 
and the development of their associated markets is a dy-
namic process. As a result, regular assessment and revision 
to ensure “fit for purpose” solutions from a system operation 
and investment perspective are required. Furthermore, 
partial design improvements are worthwhile and not all 
changes to products, services and markets need to be intro-
duced at the same time. A step-by-step approach to adapt 
markets should be considered. However, whenever possible, 
the speed of change must be implemented in a transparent 
and planned manner to facilitate appropriate investment 
considerations by potential market participants.

Currently, there is a large variety of flexibility products 
across different member states. These products were grou-
ped in this project according to the system services they are 
designed to provide, which allowed EU-SysFlex to identify 
some potential gaps in the products required to ensure that 
all future system needs are addressed. Based on this, new 
innovative products were proposed including synchronous 
inertial response, fast post fault active power recovery, 
dynamic reactive response, ramping products and conges-
tion management products.

When considering the design of flexibility markets, 
EU-SysFlex identified important recommendations:

• There is no one-size-fits-all approach across Europe. 
The technical characteristics of each system should 
be considered, and the design adapted accordingly. 

• Close to real-time markets have advantages – as better 
information and data become available, the need to reserve 
upfront flexibility by system operators to address uncertainty 
decreases. Furthermore, close to real-time markets facilitate 
Flexibility Service Providers (FSPs) to develop more accurate 
forecasts of their available capacity and, as a result, they can 
take part in the market in a more efficient manner. However, 
new and more complex tools are required to deal with the 
volume and frequency of data to process. In addition, some 
FSPs (e.g., industrial consumers) could find it more difficult 
to operate in these markets as they require longer preparation 
times. 

The following challenges should be considered when 
designing flexibility markets:

• Methodologies to share cost and benefits between TSOs and 
between TSOs and DSOs – methodologies will include both 
market and system operational costs (e.g. cost of coordinating 
SO-SO operations) and common investment costs.

9
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EU-SysFlex considered the effects of joint 
procurement of congestion management 
and mFRR (Manual Frequency Restora-
tion Reserve) products, i.e., a case where 
one product was designed to facilitate the 
delivery of more than one system service. 
This has advantages as it reduces the 
costs of the market by avoiding duplica-
tions (i.e., it allows profiting of potential 
economies of scope in the provision of 
services). Furthermore, it can also incre-
ase the liquidity in the market as long as 
a bidder can still offer one of the system 
services instead of having to offer both 
services. The project found that the joint 
products could raise barriers for some 
flexibility providers as they would have 
additional technical requirements, which 
could mean that some FSPs could not 
deliver the product while they are able 
to deliver one of the separated products. 
However, without quantitative analyses, 

it is difficult to undertake a final asse-
ssment of whether joint procurement 
of any selected services is more beneficial 
for system efficiency than separate procu-
rement. The trade-off between potentially 
decreased costs (due to synergies between 
products, services and processes) and 
increased complexity will depend on the 
national situation. In general, joint procu-
rement of system services could reduce 
transaction costs, increase liquidity, decre-
ase the volume of flexibility needed, and 
decrease strategic behaviour in markets. 
On the contrary, the timeframe for service 
optimisation, including the coordination 
of SOs, might not be sufficiently aligned, 
and a joint algorithm to select flexibility 
and/or coordination between SOs is proba-
bly much more complex. Table 1 describes 
the different forms of joint procurement in 
more detail as investigated in EU-SysFlex. 

• Approach to incorporate grid limitations into market models – Grid constraints 
should be captured in the relevant phases of the flexibility market process. 

• Effect on prices of demand response and energy storage - The introduction 
of demand response and energy storage drives a flattening effect on potential 
price increments.

• Providing sufficient stable investment signals to ensure appropriate level 
of investments in generation and other flexibility sources.

For certain services, both TSOs and DSOs may want to use the same flexibility 
at the same moment in time. Therefore, it should be defined how such flexibility 
is allocated. An important feature of this flexibility optimisation is whether it is 
performed using a centralised or decentralised approach. Both options are found 
to be feasible. While a centralised approach is more likely to provide a system-
optimal result, a decentralised optimisation can deliver similar results provided 
appropriate grid information is shared between the parties. 

Table 1: options for joint and separate procurement.
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In addition to creating 
new flexibility products, 
unnecessary entry barriers 
to flexibility markets must be 
removed, to embrace new 
and emerging technologies, 
based on reviewing existing 
specifications for flexibility 
products and their incorpo-
ration in electricity markets.



NEW OPERATING TOOLS

New operator decision support 
tools with enhanced forecasting, 
state estimation and optimisation 
capabilities are required for the 
future power system to activate 
new flexibilities.

Enhanced forecasting capability of demand and rene-
wable generation, along with the inclusion of advanced op-
timisation and estimation approaches will be essential tools 
in system operation environments with a high share of vari-
able RES. Such tools and capability can provide an accurate 
estimation of the production from renewable generation 
for inclusion in scheduling/unit commitment calculations, 
and thus should result in more reliable estimation of the fle-
xibility capability, and more accurate service market bids.                                
It also plays a key role for aggregators; since forecasting and 
optimising the availability of distributed energy resources 
(DER) are vital to ensuring successful market operation (to 
define optimal bidding sizes and times, and to define the 
available potential in current and future scenarios). Thus, de-
veloping high-performance tools for forecasting, estimation, 
and optimisation is essential for both system operators and 
service providers.

Implementation of testing platforms, or trial processes, 
could effectively help system operators to assess the “real 
world” performance of new technology types (or existing 
technology types providing new services). The result of such 
assessments can serve as a baseline for benchmarking 
future performance and qualification of new participants 
via a more streamlined, standardised process. The informa-
tion of different technology features and limitations could 
also help to identify barriers to participation in capacity, 
energy and services markets by sustainable technologies, 
which could be assessed and eventually circumvented. 
Today‘s qualification and performance verification methods 
applied by TSOs to assess the quality and compliance 
of services provided are primarily designed for conventional 
generation units. These methods need to be revised by SOs, 
while considering renewable generation specificities (e.g. 
reserve provided by a generator based on variable baseline 
power instead of constant baseline power).

System operator Energy Management Systems (EMS) 
need to evolve, and control centre engineers should be 
regularly trained, to be prepared for extreme scenarios that 
may manifest themselves on the future European power 
systems. Robust, modular, vendor-agnostic solutions are 
required to facilitate interoperability among EMS compo-
nents between control centres.

Data requirements, in terms of the volume of data 
to be collected, stored, analysed and communicated 
for prediction and monitoring of flexibilities, are like-
ly to increase significantly due to increased demand 
for flexibility services and the trend towards provision 
by smaller units. Therefore, more advanced models, based 
on machine learning, are needed for baseline calculation 
and forecasting. 
11
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The EU-SysFlex demonstrations and trials 
have successfully developed a variety 
of decision support tools to improve 
the capabilities and performance 
of operators/aggregators in forecasting, 
estimation, and optimisation. These tools 

have been implemented in field tests, and 
their performance has been evaluated 
by off-line simulation and real-time tests. 
Furthermore, scalability and replicability 
analysis has been used to validate 
the practicality of these solutions. 

Furthermore, novel privacy-enhancing technologies may be needed for trans-
ferring private data, such as baselines. 

New flexibility resources, primarily from distributed small-scale devices, do not 
(individually) have the same reliability as traditional solutions. However, ignoring 
lower-reliability resources will trigger investment in traditional solutions that 
provide reliable grid services, but in a less favourable way from a decarbonisation 
point of view or at a higher cost, due to overinvestment in capacities, to back-up 
variable energy sources and small-scale solutions. The reliability performance 
of new resources should be assessed and monitored at high granularity consi-
dering their temporal characteristics, and risk analysis should be integrated with 
techno-economic optimisation processes to support system operators using 
system services from these new resources. 

The possibility of distributed resources offering services to the transmission 
grid represents a challenge and opportunity for both DSOs, who must manage 
distribution networks where resources behave in new and unexpected ways, and 
TSOs, who previously could rely upon well-understood conventional solutions 
to meet system needs. Both TSOs and DSOs must study innovative methods 
and improve their decision support tools, to solve network congestion, voltage 
violations and maintain system stability at high system non-synchronous pene-
tration levels, while also maximising the hosting capacity of both networks, while 
facilitating the provision of system flexibility. In order to better integrate VRES, 
we firstly need improved distribution network observability.

Figure 9: Overview of different tools developed by demonstrations. 12

Demonstrations were su-
ccessful in showcasing 
the potential of a range 
of emerging technologies. 
However, rollout trials are 
required to fully understand 
their reliability and their 
ability to provide all of the 
flexibility required for an en-
vironment with high shares 
of wind and solar generation.

     



TSO-DSO COORDINATION

Efficient coordination between 
transmission system operators 
(TSOs) and distribution system 
operators (DSOs) is critical given 
the significant share of future 
resources connecting to the 
distribution network.

With an increasing share of generation connecting to dis-
tribution grids, voltage violations, congestion and back-feed 
phenomena are becoming challenging. At the same time, 
increasing flexible capability is being connected to the dis-
tribution system. There is, therefore, an increasing need for 
TSO-DSO coordination to utilise all solutions for congestion 
management and voltage control to ensure that operatio-
nal security limits are not violated on both the TSO and DSO 
networks. Observability and availability of active and reac-
tive power increasingly connected to Distributed Networks 
is key for TSO to continue operating with optimal efficiency. 
The required system flexibility needs to be achieved with 
increased cost-efficiency by avoiding countermeasures and 
exploiting synergies between system operators, through 
collaboration and innovative approaches which ensure 
the provision of system services. 

Significant opportunities exist to support even closer 
cooperation of distribution and transmission system opera-
tors, including the definition of common flexibility products, 
joint prequalification and procurement of system services, 
coordinated grid impact assessment to identify restrictions 
for system service activation, activation of the same flexibi-
lity for both TSO and DSO needs, and settlement of system 
services with cost sharing strategies.

For certain services, both TSOs and DSOs may want 
to use the same flexibility at the same time and the flexi-
bility optimisation can be performed using a centralised 
or decentralised approach. A centralised approach is more 
likely to provide a system-optimal result. However, it is 
very challenging from computational and control points 
of view, since it requires centralised electricity markets for 
all power generation plant (including DERs) and centralised 
system operation. It requires a central entity that integra-
tes TSO and DSO system operation to optimise the whole 
system. Therefore, it may not be compatible with existing 
operational structures whereby a TSO focuses on national 
transmission system operation, while DSOs operate dis-
tribution networks. The performance difference between 
incremental coordination and simultaneous coordination 
can be facilitated if the appropriate information is shared 
between the parties, market operation is close to real-time 
(e.g. 15 - 30 mins ahead) and distribution network operation 
is quite flexible (e.g. using smart grid technologies).
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EU-SysFlex has developed 
and tested a range of pro-
cesses and tools for a closer 
coordination between TSO 
and DSO through demon-
strations. Figure 10 illustra-
tes the day-ahead process 
for active power flexibility 
provision based on the TSO 
request that has been de-
signed and implemented 
by the German demonstra-
tor. Similar processes have 
also been designed for intra-
-day timeframe as well as 
for the reactive power pro-
vision. The Italian demon-
strator has deployed and 
tested an automated coor-
dination process between 
DSO and TSO in its SCADA 
architecture by using an 
IEC 104 protocol simulator, 
which acts as a substitute 
in the transmission of some 
specific signals and measu-
rements between the DSO 
and the TSO, as shown in 
Figure 11. The Flexibility Hub 
(Figure 12) in Portugal has 
developed several tools to 
provide different services for 
the TSO. It includes a local 
market to provide reactive 
power from resources co-
nnected to the distribution 
grid which allows the DSO to 
balance the reactive power 
of its grid, and to provide the 
TSO reactive power needs at 
the TSO-DSO connection po-
int. FlexHub also operates as 
a flexibility market facilita-
tor, providing technical vali-
dation of active power flexi-
bility activated by the TSO 
from resources connected to 
the distribution system using 
a Traffic Light Qualification 
(TLQ) tool. It also provides an 
equivalent dynamic model 
of the distribution grid to be 
used in frequency and volt-
age disturbance analysis at 
the DSO/TSO interface node.

To enhance coordination between TSO and DSO, and improve grid observabi-
lity, data exchange enabling access to necessary data from resources connected 
to the distribution network is vital. A ‘flexibility platform’ concept has been de-
monstrated in EU-SysFlex, enabling easy access to the market for distributed 
and aggregated resources, as well as efficient implicit TSO-DSO coordination. 
To ensure interoperability of flexibility services, one needs to focus on data in-
teroperability next to harmonising regulatory/business processes. Therefore, 
several system use cases were designed for flexibility prequalification, bidding, 
activation and verification to address issues of homogeneous and secure data 
management through the concept of Data Exchange Platform. Proper data ma-
nagement contributes to the participation of stakeholders across geographical 
borders and for any asset.

Figure 10: Day-ahead process for active power flexibilities
-German demonstration.

Figure 11: General architecture of the Italian demonstration.

Figure 12: Overview of Flexibility Hub.
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Extensive trials and demon-
strations, supplemented by 
scalability and replicability 
analyses, provide validation 
that a dedicated coordina-
tion approach is required, 
so that all assets connected 
at any layer of the power 
system can be utilised to the 
mutual benefit of both TSO 
and DSO.



AGGREGATION 
OF DECENTRALISED 
RESOURCES
Aggregation of decentralised 
resources enables access to 
a wider range of flexibility options, 
including the participation of 
residential customers, and a range 
of distribution-connected assets.

Aggregating several 
decentralised resources, 
e.g. wind turbines, energy 
storage, electric vehicles, 
heat pumps, including as part 
of a virtual power plant (VPP), 
and using a combination 
of coordinated controls 
and optimisation, can 
greatly enhance the overall 
reliability, performance and 
profitability of the system 
services provided.The pooling of different types of variable and less pre-

dictable resources through aggregation can enhance fore-
casting capability, reduce imbalances, and increase overall 
commercial viability. So-called virtual power plants repre-
sent one solution to prevent shortfalls of individual assets 
through optimal use of multiple resources, which would 
increase the availability and enhance the performance 
of system services by aggregating and coordinating diverse 
assets. This has been demonstrated in the multi-services 
provision of the VPP in this project. Energy storage facilities 
such as BESS and pumped storage are essential assets for 
VPPs as they increase the flexible capability and availability 
of the services, allow them to provide power up and down 
or to consume or generate energy, perform price arbitrage 
on markets and handle VPP renewable generation deviati-
ons. Even within current market structures, VPPs offer a so-
lution to support the participation of renewables in existing 
market products while preventing shortfalls of individual 
assets.

Smaller distributed resources could also provide system 
services. Aggregation, including storage assets, improves 
efficiency in reliability (delivering services when needed), 
range of services capability, as well as, cost-efficiency. This 
increases system operator confidence in using the resources 
and enables better risk management at the aggregator and 
system levels. Aggregation also simplifies system operator 
management of service providers by reducing the number 
of parties to interact with.

The activation of aggregated DSO flexibility resources 
for TSO needs should appropriately consider distribution 
grid operational needs. As a result, the strong link between 
aggregation and coordination shall not be overlooked; ac-
tivation of the aggregated flexibility must not compromise 
grid security.  

Aggregation could also enable a significant volume 
of system services from small, and very numerous, deman-
d-response resources down to residential level. In this sense, 
low entry barriers and empowerment of consumers to choo-
se between different aggregators are key elements to en-
courage smaller customers to actively participate in system 
services markets through aggregation. The characteristics 
of aggregation platforms (easy connection of assets, stan-
dardised interfaces and communication) also play a key role 
in promoting replicability and scalability. 
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A reliable and agile platform is essential to integrate different services. Even 
though the main participants in the flexibility market are system operators, 
aggregators, large generation and demand-side units, there are also some in-
teractions with end-customers, i.e. prosumers. The ‘Affordable Tool’ developed 
by EU-SysFlex for aggregators can provide easy access to the market.

In order to remotely operate and control a VPP, or an aggregated solution 
composed of distributed resources that are not necessarily geographically close, 
the ICT (Information & Communication Technologies) challenges are significant, 
not only concerning stable and robust data exchange capability requirement, 
but also the cyber security aspects.

In three of the demonstra-
tions, EU-SysFlex designed 
and tested VPPs, in the 
field (Finnish, Figure 15, and 
Portuguese VPP demonstra-
tors, Figure 13), and in a dedi-
cated concept grid (French 
VPP demonstrator, Figure 
14). In these demonstrations, 
the required optimisation 
and forecasting tools, con-
trol and communication 
units, as well as the energy 
management system, were 
developed for the efficient 
performance of VPPs in 
real-time operation. In addi-
tion, EU-SysFlex successfully 
developed and tested the 
aggregation of small, so far 
untapped, flexible assets on 
the medium and low voltage 
grid to provide system servi-
ces to the TSO and meet the 
needs of the DSO in Finnish 
demonstrator, as illustrated 
in Figure 15. 

Figure 13: Architecture of Portuguese virtual power plant.

Figure 14: Architecture of French virtual power plant.

Figure 15: Overview of Finnish demonstration. 16



DATA MANAGEMENT

A customer-centric approach 
including standardised access 
to data and data-driven services 
is crucial to guarantee stakeholder 
and information system 
interoperability for effective data 
exchanges at the European level.

Interoperability is a key requi-
rement for the future power 
system in which new and 
numerous players will han-
dle and share large volumes 
of energy-related data. Data 
platforms based on standar-
disation can progressively 
achieve secure and privacy-
-respecting cross-border and 
cross-sector data exchanges.

A customer-centric conceptual data exchange model 
for an energy flexibility market serving all stakeholders 
(TSOs, DSOs, suppliers, flexibility providers, ESCOs, etc.) 
should enable cross-border and cross-sector data exchange. 
The approach further includes a data role model, with new 
roles illustrating the increasing importance of data exchange 
in the energy sector. The focus is on data platforms, but the 
model should enable a mix of different data management 
models (centralised, decentralised, distributed) and gover-
nance models (standards-based, open-source).

The European electricity sector has put in place a robust 
methodology based on a system-approach, which promo-
tes interoperability by using standards (Use Case definition, 
HEMRM, CIM, SGAM). It would be valuable to extend this 
approach to other energy vectors, and to cross-sector 
domains through “CIMification”, as proposed by EU-SysFlex. 
CIM (Common Information Model) profiles are recommen-
ded for flexibility data exchange and private data exchange.

Existing data protection and cyber security legislation 
and standards provide generally sufficient guidelines 
on how to ensure data protection through technology 
design. However, sufficient resources need to be invested 
into the privacy domain by system operators and other 
stakeholders to enable privacy by design. There is a lack 
of communication to exchange data about cyber incidents, 
both in the energy sector in general, but also in the energy 
data exchange domain specifically.

A data framework can be designed to match all the iden-
tified big data requirements, whereas the framework relies 
on a combination of various open-source components, and 
not just one unique multi-purpose component.

Based on interviews performed with European data 
platform operators, there is a focus on increasing the value 
provided by platforms, e.g. increasing the volume and type 
of available data, as well as allowing third-party applications 
to connect to the platform. A business model analysis highli-
ghted that the challenge mainly relates to the use of private 
data based on customer consent, including smart-meter 
and sub-meter data. However, application owners exist who 
can transform data to value, and the data market could also 
contribute to increase data value, incentivising customers 
to share their data in exchange for services and/or additional 
revenues.
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Several demonstrators within EU-SysFlex 
proved the usability of the approach 
based on the Data Exchange Platform 
to exchange different types of data (e.g. 
meter data, flexibility data) between any 
stakeholders (e.g. system operators, fle-
xibility providers, data hubs, other data 
platforms), including across country bor-
ders and across sectors. Adopting this dis-
tributed data exchange approach, a sin-
gle API is provided, and multiple, different 
connections can be avoided, while ensu-
ring secure and privacy-respecting data 
exchange. Empowering customers can be 
further strengthened by providing single 
points for data access. Furthermore, such 
customer portals can facilitate access 
to services based on the supplied data 
to choose between different applications 
and energy efficiency services provided by 
ESCOs, flexibility services provided by ag-
gregators and any other services provided 
by other emerging stakeholders. 
As explained before, “Flexibility Platform” 
and “Affordable Tool” respectively facili-
tate TSO-DSO coordination and aggrega-
tion of distributed resources from a data 
exchange perspective. Figures 16 and 17 
present an overview of these solutions. 
In Flexibility Platform, proper data man-
agement contributes to the participation 
of stakeholders across geographical 

borders and of any asset. Flexibility 
Platform is a single marketplace concept 
whereby any flexibility buyer (typically TSO 
and DSO) can meet any flexibility service 
provider to trade any flexibility product. 
Furthermore, products are designed, and 
processes have been implemented so that 
the same resource can serve several buyers 
and several flexibility services simultane-
ously. All this facilitates liquidity because 
flexibility providers can find easy access 
to the market, and resources are not for-
ced to split between a variety of products, 
services and marketplaces. Flexibility 
Platform is a de facto TSO-DSO coordi-
nation platform because it entails plenty 
of steps and functionalities to support the 
seamless cooperation of distribution and 
transmission system operators. On the 
other side, Affordable Tool aims to bring 
smaller customers actively to the energy 
market through the provision of flexibility 
services. Such a platform empowers the 
consumers to choose between different 
application and energy efficiency services 
provided by Energy Service Companies 
(ESCOs) and other emerging stakehol-
ders in the energy market by ensuring 
the trustworthy and user-friendly service 
without costs hindering the development 
of this market.

Figure 16: Flexibility platform - overall architecture.

Figure 17: “Affordable Tool”, developed by Data Exchange demonstrations.
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