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ABSTRACT 

The European electricity infrastructure faces significant 

transformation, particularly in the way the electricity 

grids are planned and operated, which is mainly driven 

by growing penetration levels of Renewable Energy 

Sources (RES) and facilitated by the advances in 

information and communication technologies. At the 

same time, along with the infrastructure needs, this 

transformation calls for an adequate market design, 

which implies changes in the current working practices of 

both Transmission System Operators (TSOs) and 

Distribution System Operators (DSOs) and increased 

sharing of their experience and expertise.  

DSOs are at the forefront of the energy transition, both 

as infrastructure providers, but also neutral market 

facilitators. This positions the DSOs at a critical cross-

road, since in parallel to their role as enablers of 

flexibility market, they also need to be able to oversee, 

utilise and coordinate the impacts of flexibility operations 

on their networks. The paper investigates the evolving 

role of the DSO, in light of the increasing need for TSO-

DSO cooperation, by looking into real-life research 

projects in Europe.       

 

INTRODUCTION 

Growing penetration level of Renewable Energy Sources 

(RES), in particular the increasing share of RES 

connected to the distribution network level, poses 

significant challenges to the operation of both distribution 

and transmission networks. Consequently, this often leads 

to delays in time to connect, expensive connection costs 

and challenges in managing the connection application 

process against a significant volume of applications [1]. 

In some parts of Europe, for instance in Scotland, the 

connection of many Distributed Generation (DG) projects 

has already been a subject to transmission reinforcement  

[2]. At the same time, the Scottish Government has set 

targets for at least 500MW of local and community based 

renewable generation by 2020 [1]. Similarly, in UK and 

Wales, in areas with high penetration levels of generation 

connected to the distribution network, reverse power 

flows from the distribution networks onto the 

transmission network have become evident at several 

Grid Supply Points (GSP) [2]. At the same time, 

consumers present fundamental building-blocks of the 

EU energy transition, either by taking on the role of 

prosumer or by engaging in Demand Side Response 

(DSR), individually or being part of a local energy 

community.  [3]. This places new challenges to both, the 

TSOs [4] and the DSOs [5], in terms of limited network 

visibility and controllability. As a result, Active Network 

Management (ANM) has been widely used in many EU 

countries as a technically and commercially viable 

approach of connecting DG and helping the DSOs offer 

less expensive and faster connections to generators, 

where the reinforcement costs associated with traditional 

connections are prohibitively expensive [6]. It includes 

investment in automation and control as a cost-effective 

alternative to traditional network reinforcement. This 

way, generators interested to connect to the distribution 

network, which can also face transmission network 

constraints and therefore additional costs and time delays, 

can be provided with a connection and the TSO can build 

on existing ANM functionality to provide support in 

managing transmission network constraints.  

Interesting fact in this respect is that in Germany, 82% of 

curtailed renewable energy in 2015 and 85% in 2016 was 

caused by congestions in the transmission level, however 

resolved by curtailment of RES located at the distribution 

level [7]. It is, therefore, under this scenario that actions 

at distribution level begin to have significant impact on 

wider system operation and in particular, balancing of the 

transmission system [8], [9]. In other words, system 

operators will need to be prepared to deal with an 

electricity system that is less and less dependent on the 

backup provided by traditional generation, in which DER 

will have to play a much more active role in supporting 

grid operations. For this to materialize, despite technical 

solutions (e.g. aggregation platforms, Virtual Power 

Plants, etc.), adequate market mechanisms need to be put 

in place so that innovative services and products can 

emerge and be successfully deployed.   

DSOs are at the forefront of the energy transition, both as 

infrastructure providers, but also neutral market 

facilitators. This positions the DSOs at a critical cross-

road, since in parallel to their role as enablers of 

flexibility market, they also need to be able to oversee, 

utilise and coordinate the impacts of flexibility operations 

on their networks.  

To this end, we aim to get a better understanding on three 

grounds, namely: 1) what drives the need for increased 

TSO-DSO cooperation; 2) what services and products 

these needs can be turned into? and 3) what partnerships 

DSOs are looking into on the road to the energy 

transition? 

Chapter 2 illustrates a methodology aimed to better 

mailto:julija.vasiljevska@ec.europa.eu
mailto:antonios.marinopoulos@ec.europa.eu


 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°  1702 

 
 

CIRED 2019  2/5 

understand the driving forces and mechanisms behind the 

TSO-DSO cooperation needs and taking into account the 

changing needs for a wider system operation discussed 

before. It also reflects on the potential products and 

services that may emerge from these needs. Chapter 3 

concludes.  

CLOSER LOOK INTO EU SMART GRID 

PROJECTS 

We look into real-life examples from the JRC data base 

of smart grid projects in Europe [8] and in particular into 

projects addressing the need for DSO-TSO cooperation. 

Additionally, we include some recent projects relevant in 

this respect [11] [12] [13] [14] [15] [16] [17] [18] [19] 

[20] [21] [22] [23] [24] [25] [26] [27] [28] [29]. Out of 

nearly 1000 projects, we singled out 62 projects 

involving TSOs and DSOs as project partners or projects 

whose output facilitates the TSO-DSO cooperation.  

We start our analyses by looking into the needs that drive 

such cooperation so that we can further shed some light 

on the services and products these needs could be turned 

into. We finalise with the types of partnerships DSOs are 

looking into on the road to the energy transition. 

Emerging needs for TSO-DSO cooperation 

As previously discussed, increasing amount of DG 

located at the distribution network can lead to 

bidirectional power flows through the HV/MV 

transformers, resulting in increasing need for closer 

TSO/DSO collaboration and extended data exchange for 

managing those flows while safeguarding the system 

security. Such bidirectional flows may further limit the 

amount of additional capacity connected to the 

distribution grid and necessitate infrastructure 

reinforcement, which could lead to long delays, and in 

many instances prohibitive connection costs. On this 

ground, the DSO and the TSO need to increasingly 

coordinate the operations of their networks and therefore 

develop tools for improved system observability and 

network interaction, while enabling further integration of 

DG to their networks using smart grid solutions, such as 

for example active network management.   

Furthermore, the connected DER (distributed generation, 

storage and demand response from active consumers) 

need to be better integrated (and not simply connected) 

into the management of the distribution and the 

transmission networks by providing support to the 

operation of both networks (e.g. ancillary services). For 

this to happen, adequate market mechanisms need to be 

put in place to facilitate the participation of DER in 

providing grid support services.       

 

To be able to gain insight in a more systematic way, we 

look into the project’s main outcome impacting the TSO-

DSO interface or contributing towards increased TSO-

DSO cooperation, on a more general note. Based on these 

projects’ outcomes, the analysed projects fall into two 

main groups of projects: 

 

 Projects focusing on increased grid observability and 

controllability - This group of projects focuses on the 

developments of tools and mechanisms for enhanced 

distribution and transmission network observability 

levels, including observability over each other’s 

networks, as well as for higher coordinated 

controllability levels over DER;  
 

 Projects facilitating flexibility services and consumer 

participation in electricity markets - This group of 

projects investigates the way to further integrate (and 

not simply connect) DER that can support TSOs and 

DSOs in better management of their networks, 

including the development of appropriate market 

mechanisms for facilitating flexibility services and 

active consumers.  
 

Figure 1 shows a timeline of the selected projects, 

starting from 2004, as the starting year of the first of 

these projects, up to 2023, as the ending year of the last 

one. The vertical axis presents the number of projects 

running in the respective year. We can observe a peak in 

projects during 2015-17, partly attributed to the fact that 

most of the JRC database includes projects with a starting 

year up to 2015. However, for the reasons mentioned in 

chapter 1, we expect an increasing trend of projects 

focusing on TSO-DSO cooperation in the near future. 

Moreover, recent Horizon 2020 research projects are run 

by bigger consortia (for example, EU Sys-Flex, 

OSMOSE, etc.), compared to smaller projects before 

2014, thus the number of projects might not present a 

clear indicator of the actual activities and/or budget. 

 
Figure 1. Number of running projects per year, related 

with DSO-TSO cooperation 

Figure 2 presents the timeline of the same projects by the 

two categories the analyzed project falls into, i.e. projects 

focusing on increased grid observability and 

controllability and projects focusing on facilitating 

flexibility services and consumer participation in 

electricity markets. We note here that the sum of the two 

bars for each year is higher than the bar of the 
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corresponding year in Figure 1, since some projects 

belong to both groups. We can also see that projects from 

both groups go almost hand in hand, which indicates that 

technical and technological solutions are closely followed 

by developments in the electricity retail and flexibility 

markets. 

In particular, projects from group 1 are more numerous 

until 2011, while in 2012 the number of projects in this 

group exceeds the one in group 1 and continues 

increasing with a steeper slope in the period between 

2013-2016. For example, in 2014 the total number of 

projects addressing group 2 is more than double the 

number of projects addressing group 1. Again, this points 

out to recent market developments in the field of 

electricity retail and flexibility markets and the need these 

developments stay in step with the evolving technological 

trends in the area of smart grid. 

       

 
Figure 2. Number of running projects per year, related 

with DSO-TSO cooperation, for the two project 

categories 

The next set of figures provides a closer look into the 

number of project participations for different types of 

organizations involved in the projects. We refer by public 

institutions to governmental bodies, local energy 

agencies, municipalities, etc. Emerging organisations, on 

the other hand, include organisations that offer novel 

solutions and services or that have more recently started 

to collaborate with traditional smart grid actors to 

implement smart solutions (i.e. aggregators, energy 

service companies, housing associations/real estate 

developers, energy cooperatives, etc.). 

We note here that the total number for each type does not 

refer to unique organizations, but to individual 

participations to a project. For example, if a specific DSO 

participates in five different projects, it is counted five 

times in these graphs. Figure 4 presents the same 

information as Figure 3 per project category.  

 
Figure 3. Number of project participations for each type 

of organization 

 
Figure 4. Number of project participations for each type 

of organization, for the two project categories 

Universities rank first among all organization type, 

followed by DSOs, research centers, TSOs, technology 

manufacturers, and ICT companies. Technology 

manufacturers appear to have an increased number of 

participations in projects of the second group, even 

higher than TSOs, indicating an increased interest in 

developing products supporting flexibility services and 

active consumers, mostly in the areas of energy 

management systems and integrated platforms. For 

example, the DEVID project develops new network 

analyzers and advanced metering systems along with 

interfaces for exchange of signals and measurement 

values between network management systems belonging 

to different stakeholders [30]. In FENIX project, the 

functionality of energy and distribution management 

systems is enhanced with Voltage VAR control [31], 

while in NEDO project, Hitachi is developing a platform 

for the inclusion of consumption in system services for 

the Slovenian DSO [23]. In CALLIA project [20] an 

aggregator and a trading platform are proposed, and 

similarly, in Smart Grid Vendée project [32] an 

integration of market platforms with aggregator portals is 

developed. Further to the technical solutions, some 

projects develop innovative commercial arrangements to 

support the technical design of a flexible system. In this 

regard, the Accelerating Renewable Connection (ARC) 

project [1] aims to maximize the efficiency and 

utilization of the distribution network, while increasing 
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the network hosting capacity for DG through 

implementation of flexible connection solutions. The ICT 

companies, appear to have higher participation in projects 

of the first group, as increased grid observability and 

controllability largely builds on ICT infrastructure and 

applications. Finally, public institutions (e.g. 

governmental bodies, municipalities, local energy 

agencies, etc.) appear to closely collaborate with the 

DSOs – for example, by supporting the development of 

renewable distributed generation and active consumers at 

a community/municipality level and thus locally 

facilitating successful energy transition.  

DSOs partnerships on the road to energy 

transition 

Moving towards the energy transition DSOs will need to 

change their traditional business models and operational 

processes and they will have to become more open to 

collaboration with different stakeholders to foster 

innovation. In this respect, we closely look into what 

partnerships DSOs are interested in, by counting the 

collaboration links among DSOs with other 

organizations, as well as among themselves. Figure 5 

presents the results of the analysis. It also includes the 

collaboration links of the TSOs with other organisations, 

as well as among themselves, so as to have a better 

overview in the context of the TSO-DSO cooperation. 

 

We can see that the DSOs mostly collaborate with 

universities and research centres, but also with TSOs, 

technology manufacturers and ICT companies. These 

links are stronger than the one among different DSOs. 

Taking into account the nature of the selected projects 

(TSO-DSO interface) and the early stage of the TSO-

DSO need to closely collaborate, it is reasonable to see 

more technology manufacturers and ICT companies 

supporting these projects, rather than other types of 

organizations, (for example, public authorities). Reading 

the number of collaboration links we need to keep in 

mind that there are 25% less project participations of 

TSOs than of DSOs (87 vs. 121, see Figure 3). However, 

there are double as many collaborations of ICT 

companies with DSOs than with TSOs, and the same is 

true for utilities and public institutions, although with 

lower absolute numbers. As previously mentioned, the 

increased collaboration of ICT companies with the DSOs 

takes place due to the fact that the main transformation of 

the energy system takes place at the distribution network 

level, e.g. DG connections, active consumers are mostly 

present at distribution network level.  

 

 
Figure 5. Collaboration links between different 

organizations with DSOs and TSOs 

Another interesting point is that there are more 

collaboration links between TSOs-DSOs, than between 

TSOs-TSOs and DSOs-DSOs. This can be attributed to 

the fact that one of the criteria (though not the exclusive 

one) for selecting a project for our analyses was exactly 

the participation of both a TSO and a DSO to the project. 

Moreover, since collaborations are initially driven by 

looking into common challenges at a country level, 

before potentially replicating the solution across the 

border, and since many EU countries have only one 

national TSO and DSO, it is natural that collaboration 

between national TSO and DSO first takes place. 

CONCLUSIONS 

In view of the changing needs for a wider system 

operation, technical and market developments would 

need to embrace ‘whole system solutions’ and increased 

flexibility, where share of information and operational 

experience between the TSOs and the DSOs will be 

central to such solutions.  

In this context, the paper investigates the driving forces 

behind the TSO-DSO cooperation by looking into real-

life research projects in EU.  

To be able to get deeper insight on the type of common 

TSO-DSO needs and what products and services these 

needs may be turned into, we analyse a set of 62 EU 

projects focusing on TSO-DSO cooperation. Based on the 

main projects’ outcome, we categorise these projects into 

two groups: 1) projects focusing on increased grid 

observability and controllability and 2) projects 

facilitating flexibility services and consumer participation 

in electricity markets. By looking at the timeline of the 

selected projects, both categories of projects go almost 

hand in hand, which indicates that technical and 

technological solutions are closely followed by 

developments in the electricity retail and flexibility 

markets. In other words, technical innovations cannot be 

implemented in absence of complementary commercial 

solutions.  

Technology manufacturers appear to have an increased 
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number of participations in projects of the second group, 

even higher than TSOs, indicating to their increased 

interest in developing products supporting flexibility 

services and active consumers, mostly in the areas of 

energy management systems and integrated platforms. 

The ICT companies, on the other hand, appear to have 

higher participation in projects of the first group, as 

increased grid observability and controllability builds 

largely on ICT infrastructure and applications.  

ICT companies and technology manufacturers are among 

the organizations that mostly collaborate with the DSOs, 

as the energy transformation mainly take place at 

distribution network level. This indicates increased 

interest, but also importance of these actors in developing 

products and solutions enabling innovative energy 

services. 

Last but not least, participation of public institutions – 

mainly driven by policy commitments – for example, in 

terms of RES deployment, also appear essential in 

facilitating effective energy transition.  
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