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Executive Summary 

The present report is a public deliverable (Deliverable D3.1) of the MAGNITUDE H2020 funded 

European project. The MAGNITUDE project aims to develop business and market mechanisms, as well 

as supporting coordination tools to provide flexibility to the European electricity system, by enhancing 

the synergies between electricity, heating/cooling and gas systems. In particular, MAGNITUDE’s goal 

is to identify possible flexibility options to support the cost-effective integration of Renewable Energy 

Sources (RES) and the decarbonisation of the energy system, and to enhance the security of supply.  

To achieve its goals, MAGNITUDE will:  

 Provide technological and operational tools to enable the provision of flexibility to the electricity 

system by Multi-Energy Systems (MES). 

 Develop enhanced business and market mechanisms and identify potential regulatory evolutions 

to exploit the full potential value of the flexibility provided. 

 Validate the project results on seven real life case studies (CS) of multi-energy systems of different 

sizes and technological features (including key “cross-sector” technologies), located in seven 

European countries (Austria, Denmark, France, Italy, Spain, Sweden, United Kingdom) with 

different regulations, support schemes, and geopolitical characteristics. 

 Propose recommendations and contribute to the definition of policy strategies in a pan-European 

perspective and spread the project achievements towards stakeholders in the electricity, heat and 

gas sectors to raise awareness and foster a higher collaboration.  

In this context, one of the first steps is to identify and describe the most relevant flexibility services 

that could be provided to the electricity system by MES to achieve the project goals. This is the main 

objective of this deliverable, along with the characterisation of the mechanisms for the 

procurement/provision of these services in the seven case study countries and a description of the gas 

and heating/cooling sectors, which will be affected by such provision of services to the electricity 

system. The provision of the services through enhanced synergies between the three sectors will then 

be further studied in the different Tasks and Work Packages (WPs) of the project. 

As mentioned above, the analysis has been carried out for the 7 case study countries, namely Austria, 

Denmark, France, Italy, Spain, Sweden, and the United Kingdom. However, for this latter only Great 

Britain is considered and not Northern Ireland. The main outcomes are summarized below. 

First the main needs of the electricity system have been described, as well as the services that can be 

procured/provided to meet them. Three main categories of needs have been distinguished: (i) needs 

of TSOs and/or DSOs, (ii) needs of States/policy makers (and subsequently also of TSOs), (iii) needs of 

energy sellers and buyers. 

Among the long list of services resulting from this analysis, the most relevant ones have been selected 

using the following criteria, namely selection of services: 

 that allow to increase the share of Renewable Energy Sources (RES), avoid curtailment of variable 

RES, enhance the security of supply,  

 for which the enhancement of the synergies between electricity, heating/cooling and gas systems 

provide real opportunities,  

 for which the first elements already collected by the project (technical, regulatory, market design) 

show a potential value for the provision by MES. 
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The resulting list of selected services is given in the table below. 

 

Table 1 – Selected electricity system needs and services 

Needs Services 

Frequency control and balancing  FCR (Frequency Containment Reserve) 

aFRR (Automatic Frequency Restoration Reserve) 

mFRR (Manual Frequency Restoration Reserve) 

RR (Replacement Reserve) 

+ Dedicated additional balancing mechanisms which may 
exist in certain countries.  

Energy trades Day ahead energy trades/market  

Intraday energy trades/market 

System adequacy  Capacity requirement mechanisms 

Congestion management at 
transmission and distribution levels 

Re-dispatching mechanisms or active power control 

 

It should be noted that:  

 In the electricity system, the enhancement of the synergies between electricity, gas and 

heating/cooling systems will mainly have an impact on “energy” or active power. Therefore, the 

most relevant services are indeed those services linked to active power 

 On the distribution networks, active power control or re-dispatching can also be used to control 

the voltage at MV level, which can therefore also be identified as a relevant service, in combination 

with the management of power flow constraints. 

 For the reserve services, two different aspects or phases must be distinguished: (i) the 

procurement of the power reserves in order to guarantee the availability of the flexible resources 

when they will be needed, and (ii) the activation of the service and the actual energy delivery. 

Indeed, the procured reserves might not be activated. This distinction may also apply to capacity 

services, as well as to some procurement mechanisms of local power capacities to be used for 

congestion management. 

After the above selection phase, the mechanisms existing in the 7 case study countries for the 

procurement of the most relevant services have been described and compared.  

Regarding energy trades, because of the day-ahead and intraday energy market coupling mechanisms 

that are already in place in Europe, the major processes for the organisation of both types of energy 

markets are already similar in the considered countries, even if going further in the analysis, some 

country specificities can be found, regarding for instance the timelines involved, the product duration, 

etc. 

For the other selected services, a larger diversity is observed in the 7 considered countries, and it is 

even truer for the capacity requirement mechanisms, which may take very different forms (organised 

markets, capacity payments, reserves) and even do not exist in some countries.  
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Some initiatives have been launched by TSOs and are ongoing in order to harmonize the procurement 

of balancing and frequency regulation services and support the implementation of the EC Guideline on 

Electricity Balancing [1], such as: the FCR cooperation, the PICASSO project for aFRR, the MARI project 

for mFRR, and the TERRE project for RR [2], as well as other regional initiatives. 

For the gas sector, the main roles involved have been identified and the following market layers have 

been described for the 7 case study countries: 

 the wholesale market: organisation, market platforms, products exchanged, trading times, and 

other country specificities, 

 the retail market layer: organisation, description of the interactions between retailers and 

consumers, retail price structures, 

 balancing of the gas system: organisation, roles involved, implemented mechanisms for the 

procurement of balancing services. 

Like for the electricity system, although similarities can be found, the characteristics of the gas markets 

are rather heterogeneous between the case study countries, for instance in terms of the trading times, 

retail tariff structures, balancing mechanisms, etc. 

The heating/cooling sector has also been described for the 7 case study countries, and the following 

aspects have been considered: 

 the role of district heating in meeting national heat demand, 

 the heat network regulation and the existing policies to promote district heating, 

 the organisation of the heat sector and the main roles and stakeholders involved, 

 the tariff structures. 

A large diversity of situations, organisations and mechanisms can be observed in the different 

countries. Contrary to the electricity and gas sectors, there is no unbundling in the heat sector. So, the 

network operator role can be carried out by a player being also a heat producer and/or the heat 

supplier of the consumers connected to the district heating network. 

In the heat sector, there is generally no “organised” markets as such, even though, some sort of heat 

market mechanisms can sometimes be found involving a day ahead planning and intraday adjustments 

between the heat producers and the operator of the mechanism, like for the integrated heat market 

implemented in the Greater Copenhagen area in Denmark. 

Comparing the roles involved in the electricity, gas and heating/cooling systems, there are a lot of 

similarities. Indeed, the three sectors have: 

 Distribution networks and transmission networks (mainly distribution networks for the heat sector 

but transmission networks can sometimes be found like in the Copenhagen area in Denmark) and 

therefore the corresponding roles of distribution and transmission network operators. 

 The roles of producers, suppliers, consumers, storage operators, etc. 

 A balancing requirement between generation and consumption and therefore the associated 

balancing responsible role.  

 Metering-related roles, etc. 

These similarities will undoubtedly help in the enhancement of the synergies between the three 

sectors. 
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However, regarding operation and market aspects, the characteristics of the electricity, gas and heat 

networks are rather different in terms of time constants, inherent resilience and dynamic behaviours, 

and therefore the associated operation needs and requirements also differ considerably.  

Finally, potential market and regulatory barriers or shortcomings have been discussed. The following 

main categories have been identified, namely barriers or shortcoming due to: 

 The diversity of situations, market mechanisms and rules that can be found in the considered 

countries: 

o diversity between countries, and 

o diversity between electricity, gas and heat sectors. 

 Specific rules or requirements preventing or limiting the provision of services by MES (such as for 

instance minimum bid size or mechanisms that do not allow demand response or aggregation in 

some countries). 

 Additional or increased costs that may be caused for instance by network tariffs, retail prices, 

imbalances, or inherent fixed and variable operation costs of MES. 

 Insufficient attractiveness of flexibility services remuneration to cover all the costs incurred. 

 Lack or incompatibility of incentive schemes, for instance 

o to encourage DSOs to procure flexibility services, 

o between RES support schemes and the provision of flexibility services. 

 Lack of coordination between network operators: 

o between DSOs and TSOs in the electricity system, 

o between electricity, gas and heating/cooling network operators. 

 The large diversity of stakeholders with deeply different professional culture, implying both:  

o complexity and numerous interactions/transactions,  

o needs for awareness raising, learning and training. 

Increasing synergies between electricity, gas and heating/cooling systems will therefore require to take 

into account the specificities of the three sectors both at the national and local scales. Indeed, it should 

be kept in mind that heat networks are inherently local systems and rather heterogeneous situations 

can be met from one area to the other and from one MES to the other. 

This deliverable provides a description and comparison of the main characteristics of the procurement 

mechanisms for the selected services in the seven case study countries. These results are then used in 

other work packages of MAGNITUDE, for instance to: 

 carry out a qualitative assessment of the technical capabilities of the technologies involved in the 

case studies to provide the selected services, 

 identify the services that will be further studied and simulated for each case study and to define 

the project use cases,  

 guide modelling and development choices to be made for the project use cases.   

This characterisation will also be further completed with detailed targeted information collected to 

study the use cases defined for each case study. 
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1 Introduction 

The present report is a public deliverable (Deliverable D3.1) of the MAGNITUDE H2020 funded European 

project. 

1.1 MAGNITUDE project 

The MAGNITUDE project aims to develop business and market mechanisms, as well as supporting 

coordination tools to provide flexibility to the European electricity system, by enhancing the synergies 

between electricity, heating/cooling and gas systems. In particular, MAGNITUDE’s goal is to identify 

possible flexibility options to support the cost-effective integration of Renewable Energy Sources (RES) and 

the decarbonisation of the energy system, and to enhance the security of supply.  

To achieve its goals, MAGNITUDE will:  

1. Provide technological and operational tools to enable the provision of flexibility to the electricity system 

by Multi-Energy Systems (MESs). 

2. Develop enhanced business and market mechanisms and identify potential regulatory evolutions to 

exploit the full potential value of the flexibility provided. 

3. Validate the project results on seven real life case studies (CS) of multi-energy systems of different sizes 

and technological features (including key “cross-sector” technologies), located in seven European 

countries with different regulations, support schemes, and geopolitical characteristics (Austria, 

Denmark, France, Italy, Spain, Sweden, United Kingdom). 

4. Propose recommendations and contribute to the definition of policy strategies in a pan-European 

perspective and spread the project achievements towards stakeholders in the electricity, heat and gas 

sectors to raise awareness and foster a higher collaboration.  

MAGNITUDE addresses the challenge to bring under a common framework, technical solutions, market 

design and business models, to ensure that its results can be integrated in the overall ongoing policy 

discussion in the energy field. 

 

1.2 Objectives and scope of Deliverable D3.1 

In this context, one of the first steps is to identify and describe the most relevant services that can be 

provided to the electricity system by MES. This work has been carried out in Work Package 3 of the project 

(see the project structure in [3]) and the results are given in the present deliverable. 

More specifically the objectives of Deliverable D3.1 are to provide: 

 An overview of the most relevant services towards the electricity system, which allow to increase the 

share of Renewable Energy Sources (RES), avoid curtailment of variable RES and enhance security of 

supply. These services should also allow to increase the synergies and trading between electricity, gas 

and heat/cooling networks: this capability will be studied in other Tasks and Work Packages of the 

project. 

 For the most relevant services identified, a comparative analysis of the associated electricity markets 

and/or service provision mechanisms, including the following aspects: market mechanisms and 
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regulations, products exchanged, remuneration and/or tariffs systems, main stakeholders involved and 

the key relationships. 

 A comparative analysis of market segments for the gas and heat sectors, which will be affected by the 

service provision. To the extent possible, this analysis will also cover the market mechanisms and 

regulations, the products exchanged, the remuneration and/or tariffs systems, the main stakeholders 

involved and the key relationships. 

 The identification of market and regulatory barriers that might affect the provision of the services. 

The analysis is carried out for the case study countries, namely Austria, Denmark, France, Italy, Spain, 

Sweden, and the United Kingdom. However, for this latter, only Great Britain is considered and not 

Northern Ireland. 

 

1.3 Methodology 

The methodology applied to produce this deliverable is described below for the three considered sectors: 

electricity, gas and heat/cooling. 

 

For the electricity system, the following steps were carried out:  

1. Identification of the key needs of the electricity system and of the associated services procured to meet 

these needs (Section 2.1). 

2. Selection of the most relevant services to be considered for the provision by Multi-Energy Systems 

(MES). The following main selection criteria, directly linked to the project goals and expected impacts 

(see Section 1.2 above), were used:  

 increase the share of Renewable Energy Sources (RES),  

 avoid curtailment of variable RES, 

 enhance the security of supply. 

Other factors were also considered in the selection, such as first elements on the potential value for 

the provision of the services by MES. 

The results of this step are provided in Section 2.2. 

3. Collection of information by means of a detailed questionnaire on the provision of the selected services 

in each of the 7 case study countries (Austria, Denmark, France, Italy, Spain, Sweden, and United 

Kingdom).  

4. Description and comparison of the national mechanisms and exchanged products, based on the analysis 

of the collected information at the previous step and complemented with information collected 

through a literature survey. The detailed results of this description are given in Appendix 7.1 and are 

summarized in Section 3.1. 

5. Identification of potential barriers and shortcomings (Section 4). 

Throughout the work, a literature review was conducted on reference documents (such as legal and 

regulation texts, network codes, EC documents, reports produced by TSOs and regulators…) and on reports 

produced by other relevant projects or organisations (e.g. SmartNET, EirGrid, smartEN, MARI, TERRE…). The 

references used can be found in Section 6. In particular the upcoming European harmonization linked to 

the networks codes has been taken into account, such as the European guideline on electricity balancing 

(EBGL) [1]. 
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In the analysis, we also made sure to consider the global framework of the MAGNITUDE project, namely: 

 market-based approach (in the most general way, i.e. including not only organised markets, but also 

OTC trading, call for tenders…), 

 provision of the services through aggregation, which is a central concept in MAGNITUDE. 

Finally, it should be kept in mind that there are specificities in the different considered countries even if 

similar electricity system needs exist in all of them. For instance:   

 The “frontier” between transmission and distribution levels varies widely depending on the country 

(e.g. 20 kV in France, 110 kV in the United Kingdom). The rules applied to the provision of the services, 

in particular by MES, can be affected by this situation. 

 The services and the mechanisms to procure them can sometimes be very different, e.g.: 

o The “frontiers” between balancing, ancillary services and (re)dispatching and the associated 

characteristics can be different from one country to the other, in particular these mechanisms 

can be more or less combined depending on the country. 

o Whatever these frontiers, each mechanism in place answers to the specific needs of its national 

power system, affecting the following four elements: upstream procurement process, 

activation process, remuneration/penalty regime afterwards and system cost recovery 

mechanisms.  

o Some services do not exist in some countries while several specific services may be found in 

other countries. 

 The terminology may differ depending on the country, e.g. the same name can be used to denote 

different services or inversely the same service can be given different names. 

 

For the gas and heat sectors, a similar, although simplified, methodology was applied as the main focus of 

the MAGNITUDE project is the provision of services to the electricity system. The gas and heat systems are 

therefore not considered in detail but only to the extent that they may affect this provision. The following 

steps were carried out: 

1. Collection of information on the gas and heat sectors in the seven case study (CS) countries on 

regulations, market mechanisms or service provision processes, products exchanged, remuneration or 

tariff systems, main stakeholders involved and key relationships, as well as elements on potential 

market and regulatory barriers. For the heat sector, the report mainly focuses on district heating or 

heat networks.  

2. Description and comparison of the gas and heat systems in the CS countries, based on the analysis of 

the collected information. The results of this description are given respectively in Section 3.2 for the 

gas sector and in Section 3.3 for the heat sector. 

3. Identification of potential barriers and shortcomings (Section 4). 
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2 Most relevant services towards the electricity 

system 

2.1 Electricity system needs and associated services 

The electricity system is a very complex system to operate and manage in order to ensure that supply and 

demand are balanced at any time, efficiently (from a physical and economic perspective) and securely, 

under uncertainty. That is why a temporal hierarchy of decisions is implemented. This ranges from the long-

term perspective of generation investments and grid expansion planning up to five years ahead or more, 

to the very short term or even real time with actions carried out in less than one hour or even less than one 

minute. Furthermore, the power system complexity is increasing as a consequence of fundamental 

evolutions such as the present and future expected changes in the energy mix (more intermittent 

distributed generation hardly predictable, less synchronous generation…). 

This section gives an overview of the needs of the electricity system and the associated services to meet 

them. Three types of key needs are distinguished: 

 Needs of the system operators, namely the Transmission System Operators (TSOs) and Distribution 

System Operators (DSOs), who are responsible for the real time operation of the electricity system to 

ensure the physical match between supply and demand (balancing) and to maintain the 

system/network operational parameters within their optimal range (voltage, frequency, power 

flows…). 

 Needs for the States/policy makers and for the TSOs to guarantee the system adequacy one or several 

years ahead (capacity mechanisms for security of supply).  

 Needs of energy sellers and buyers to trade energy between, on one side, generators, aggregators, etc., 

and on the other side, suppliers, large consumers, etc.  

The definition of the products exchanged to meet these needs in each country and the associated market 

mechanisms will be described in detail in Appendix 7.1 and summarized in Section 3.1.  

2.1.1 Main needs of TSOs and/or DSOs and associated services 

Voltage control (security of the system) 

Transmission and distribution networks need to operate within a prescribed voltage range. The acceptable 

values usually vary depending on operational standards and grid codes in different countries [4]. In 

particular, the European standard EN 50160 defines the voltage characteristics of electricity supplied by 

public distribution systems. 

Voltage control is the process to maintain the voltage within a predefined range (very short term or short 

term). The voltage is a local network feature (i.e. not system-wide) referring mainly to the local balance 

between the reactive power production (until now mainly provided by conventional generators and grid 

equipment, e.g. capacitor banks) and absorption (by consumers and networks). An imbalance can decisively 

influence the transmission and distribution networks (risk to increase losses and, in case of huge reactive 

power imbalance, to weaken the system security) and the end users equipment (risk of material damages, 

malfunctions), even if its impacts are not transmittable over long distances. That is why voltage control 

needs to be organised at a local level. Additionally, voltage control becomes more complex because of the 
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massive integration of renewable generation, which reduces the share of conventional synchronous 

generators, and eventually the overall ability to provide reactive power.  

At the distribution level, the connection of renewable generation plants modifies the voltage (increase of 

the voltage at the connection point) and might lead to voltage constraint violations.  

The following services are associated to voltage control: 

1. Manage voltage deviations (primary voltage control): on the transmission grid, maintains the voltage 

at the connection point of the generator close to a voltage reference given by the TSO. 

2. Maintain admissible voltage band – automatic (secondary voltage control): on the transmission grid 

centralized automatic control that coordinates the actions of local regulators in order to manage the 

injection of reactive power within a regional zone. 

3. Maintain admissible voltage band – manual (tertiary voltage control): on the transmission grid refers 

to the manual optimisation of nodal voltages and reactive power flows in the network. 

4. Power factor control or reactive power control: the power factor is the ratio between the active 

power and the apparent power. It is a function of the active and reactive powers and is often used as 

an indirect way to control the reactive power on the grid. Depending on the capability of the 

equipment, direct reactive power control may also be provided. 

5. Active power control or re-dispatching: on radial MV distribution grids the control of active power 

can also be used to solve voltage constraints. Due to the technical characteristics of the MV lines, 

active and reactive powers are much more “coupled” on the distribution networks than on the 

transmission networks (and this effect is even larger on LV feeders). Therefore, modifications of the 

active power of well-located producers or consumers can be used to control the voltage and appear 

as an efficient mean to do so (e.g. see [5], [6], [7]). 

 

Power quality management  

Power quality is related to the interactions between the network and its users (both generators and 

consumers) and depends on both the quality of the voltage and the current. Power quality is linked to the 

powering and grounding of equipment in a manner that is suitable to the operation of that equipment. It is 

a local feature but can have some impacts on the security of the system [8].  

Power quality management enables a good functioning of the appliances and devices in a reasonably-

disturbed system: a certain level of quality disturbances can be accepted within certain limits.  

The main services usually associated to power quality management consist in the damping low order 

harmonics, injection of negative sequence voltage to compensate voltage unbalance between the three 

phases, and mitigation of voltage fluctuations and “flicker” (often a mandatory condition to be connected 

to the grid). 

1. Damping of low order harmonics: harmonics on the grid can cause for instance extra heating of the 

cores of transformers and electrical machines, or malfunctions of some equipment. They can be 

induced by power electronics converters connected to the grid. Damping of low order harmonics can 

be achieved for instance through the installation of appropriate harmonics filters or more advanced 

power electronics converters. This service is generally mandatory. It implies the obligation to respect 

certain standards, which specify limit values, and is usually not remunerated.   

2. Injection of negative sequence voltage: voltage unbalance between the three phases of the network 

can result in adverse effects on equipment (e.g. malfunction of three-phase devices) and on the power 

system, which will incur more losses and may be less stable. A first step is to respect the voltage 
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unbalance limits specified in standards. When going further, the service may consist in injecting 

negative sequence voltage in the grid to restore the balance between the phases.  

3. Mitigation of voltage fluctuations and flicker: voltage fluctuations can be caused by rapid variations of 

loads or generators connected to the grid (e.g. arc furnaces, large motors, wind turbines – if not 

compensated, etc.). These voltage fluctuations can cause malfunctions, efficiency deterioration and 

even damage to equipment connected to the grid in the same area where they are generated. Again it 

implies a mandatory respect of standards which specify limit values. It is not remunerated and is often 

a mandatory condition for grid connection. Mitigation of voltage fluctuations and flicker can be 

achieved through the use of power electronics-based devices such as STATCOM, Dynamic Voltage 

Regulators, Static Var Compensators, etc. 

 

Frequency control and balancing (reliability and security of the system) 

Frequency is a system-wide feature (i.e. not localized) impacting the European synchronous network as a 

whole. It reflects the balance between the active power generation and consumption which must be 

maintained at all times in the power system.  

The reference value or nominal frequency is fixed at 50 Hz in Europe. Frequency deviations from the 

reference value are caused by more or less significant events impacting the power system such as short-

circuits, loss of a power plant or of a large consumption area, etc. These deviations can be more or less fast 

and severe depending on the steepness and volume of the generation or consumption decrease or increase. 

Frequency control is applied to restore and maintain the balance between generation and consumption. In 

the EU guideline on electricity balancing [1], “balancing means all actions and processes, on all timelines, 
through which TSOs ensure, in a continuous way, the maintenance of system frequency within a predefined 
stability range as set out in Article 127 of Regulation (EU) 2017/148”.  

Synchronous generation plants and load shedding of big industrial consumers have already been key 

components of frequency control for a long time. But the contribution of conventional generation plants 

to frequency control is currently being reduced because of their decreasing share in the capacity and energy 

mix as a consequence of the huge penetration of renewables. They can be now complemented by other 

resources including non-synchronous generation (wind farms, storage), demand response of other types of 

consumers, and multi-energy systems (which will be studied in the MAGNITUDE project).  

Frequency control globally consists of several successive mechanisms and associated services, illustrated in 

Figure 1:  

1. Containment of the frequency after the occurrence of an imbalance over the European synchronous 

network (security at stake). That is the role of the Frequency Containment Reserve (FCR), defined by 

the EU Guideline on electricity transmission system operation [9] as “the active power reserves 
available to contain system frequency after the occurrence of an imbalance”. This primary control starts 

within seconds as a joint action for all parties involved, when the frequency deviation exceeds a pre-

defined level. The full activation of these reserves is requested when the deviation exceeds +/- 200 mHz 

(EU), +/- 500 mHz (Great Britain and Nordic countries), within 10s (IE/NI), 15s (Great Britain) or 30s (EU, 

Nordic countries). The reserve volume for the European Continental synchronous area is equal to 

3000 MW.  

 

 




















































































































































































































































































