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Abstract 

The objective of this report is to provide a comprehensive summary of main contributions and 

outcomes obtained from the activities of Scalability and Replicability Analysis as well as Multi-Criteria 

Cost Benefit Analysis performed within the Platone project to ensure the successful rollout of the 

innovative solutions tested in the demos and evaluate their cost-effectiveness.  

In particular, the software architecture specifically elaborated to conduct the Scalability and 

Replicability Analysis simulations is described, the Scalability and Replicability Analysis application 

to the classes of Use Cases representing the Platone demo use cases is detailed, and main findings 

are extracted for each of the three demos. Moreover, non-technical boundary conditions such as 

regulatory and stakeholder-related concerns which may affect the replication and upscaling of the 

Platone use cases is presented. In addition, the developed methodology for Multi-Criteria Cost Benefit 

Analysis is described and applied to all the solutions investigated within the Platone demos, by 

accounting for Key Performance Indicators pertaining different viewpoints (such as economic,  

societal, environmental, etc.). 

Overall, the obtained outcomes demonstrated the significance of performing proper Scalability and 

Replicability Analysis as well as Cost Benefit Analysis.  

 

Keyword list 
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Disclaimer 

All information provided reflects the status of the Platone project at the time of writing and may be 
subject to change. All information reflects only the authorôs view and the Innovation and Networks 
Executive Agency (INEA) is not responsible for any use that may be made of the information 
contained in this deliverable. 
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Executive Summary 

Innovation for the customers, innovation for the gridò is the vision of project Platone - Platform for 

Operation of distribution Networks. Within the H2020 programme ñA single, smart European electricity 

gridò, Platone addresses the topic ñFlexibility and retail market options for the distribution gridò. Modern 

power grids are moving away from centralised, infrastructure-heavy transmission system operators 

(TSOs) towards distribution system operators (DSOs) that are flexible and more capable of managing 

diverse renewable energy sources. DSOs require new ways of managing the increased number of 

producers, end users and more volatile power distribution systems of the future. 

Platone is using blockchain technology to build the Platone Open Framework to meet the needs of 

modern DSO power systems, including data management. The Platone Open Framework aims to create 

an open, flexible and secure system that enables distribution grid flexibility/congestion management 

mechanisms, through innovative energy market models involving all the possible actors at many levels 

(DSOs, TSOs, customers, aggregators). It is an open source framework based on blockchain technology 

that enables a secure and shared data management system, allows standard and flexible integration of 

external solutions (e.g. legacy solutions), and is open to integration of external services through 

standardized open application program interfaces (APIs). It is built with existing regulations in mind and 

will allow small power producers to be easily certified so that they can sell excess energy back to the 

grid. The Platone Open Framework will also incorporate an open-market system to link with traditional 

TSOs. The Platone Open Framework is tested in three European demos, namely Italy, Greece and 

Germany.  

To ensure the successful rollout of the innovative solutions tested in the demos of the Platone project, 

methodologies for Scalability and Replicability Analysis (SRA) as well as Cost Benefit Analysis (CBA) 

are developed as part of WP7, with the objective of identifying technical, economic and regulatory 

barriers for their large-scale deployment. In this context, the present report provides a comprehensive 

summary of the main contributions and outcomes stemming from the SRA and CBA activities. 

The scope of SRA is to estimate how the KPIs calculated in the demos might change when boundary 

conditions will change (replicability analysis) or when the project will be deployed at a larger scale 

(scalability analysis). To this aim, two SRA Use Cases (UCs) have been identified, namely the ñzero 

power exchangeò as well as the ñdesired power exchangeò and mapped to the specific UCs implemented 

in the Platone project demos (in Italy, Greece and Germany). In particular, these two SRA UCs have 

been adopted for performing analyses of: (i) scalability in density, to study the effect of increased 

penetration of a given solution within the same demo area; replicability intra-national, to study the effect 

of replicating the same solution in the same country hosting the demo but in situations in which technical 

boundary conditions may differ, still with the same economic and regulatory boundary conditions; and 

(iii) inter-national, to study the effect of replicating the same solution when all types of boundary 

conditions may differ (e.g., due to different regulation schemes, types of networks, social concerns etc).  

To perform these analyses, a software architecture has been put in place: starting from information 

about network topology as well as current and expected/target profiles of load and generation, a set of 

random scenarios has been produced to account for geographical and parametric variability of the power 

profiles. Out of these, the congested scenarios have been identified via load flow analysis, and sent to 

an ad-hoc modified Optimal Power Flow algorithm to obtain the set points of the loads and generators 

which can allow the system to solve the identified congestions by utilizing local flexibility installed in the 

grid for each of the investigated SRA scenario.   

Following this workflow, the main findings of the SRA activities can be summarized as follows: 

¶ Both the ñdesired power exchangeò and ñzero power exchangeò SRA UCs can be successfully 

implemented in most of the considered scenarios for scalability in density and replicability intra- 

and inter-national; when urban networks are considered, the amount of local flexibility sources 

envisaged by the latter are sufficient to compensate most of the congestions caused by the 

application of both SRA UCs.  

¶ In the case the SRA UCs are applied to rural networks, the significant growth of DG and flexible 

loads lead to higher over-voltages and consequently leads to important congestions. This is due 

to the fact that rural grids have longer lines, lower degree of undergrounding, and a more radial 

structure with ramifications. To mitigate such contingencies, the usage of local sources of 
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flexibility might be complemented with the installation of special devices that can compensate 

the local lack of reactive power. 

¶ In the case the SRA UCs are applied to situations where it is observed power export to the main 

grid in some hours of the day and power import in others, both the ñnegativeò and ñpositiveò 

flexibility of the installed distributed generators is activated, especially in urban networks. This 

outcome suggests the need to invest in solutions that can offer both types of flexibility services. 

Finally, barriers that might hinder the large-scale deployment of the two SRA UCs related to regulatory 

aspects as well as customer participation have been identified and can be summarized as follows: 

¶ Regulatory barriers significantly vary among the three countries hosting the Platone demos.  

In Italy, one of the main regulatory gaps is the lack of a final definition of the roles and 

responsibilities of DSOs, aggregators, and other market players: although the National 

Regulatory Agency has published several resolutions to enable the new two roles of the DSO 

in the flexibility market (market enabler and flexibility buyer), the process of a full framework 

definition is still ongoing. In Greece, the main obstacle is the lack of regulation in terms of 

Blockchain technology in the energy sector; additionally, in the Greek legislation, the role of the 

aggregator is not clearly stated. Finally, although the regulatory landscape of the German 

energy sector has undergone significant expansion, the implementation and functioning of the 

German demo have revealed challenges and deficiencies, e.g., the need of a more defined 

regulatory structure concerning flexibility mechanisms (especially in cases involving devices like 

remote controllers for control mechanisms), the need of enhancing the regulatory framework 

governing use of batteries by the DSO. 

¶ Regarding customer engagement, several barriers were identified and discussed for each 

stakeholder type (e.g., DSO, TSO, aggregators, and customers) individually focusing on 

harnessing the local flexibilities to alleviate grid congestions, and the solutions identified during 

the course of the Platone project have been described. 

The scope of CBA is to assess the cost-effectiveness of the innovative solutions implemented in the 

project demos in a given time horizon after the end of the project. In particular, a hybrid approach has 

been developed, which merges the CBA developed by the European Commission Joint Research 

Centre (to identify and monetise benefits and costs related to Smart Grid projects) with the Multi-Criteria 

(MC) Analysis proposed by the International Smart Grid Action Network (ISGAN), so that different types 

of impacts (economic and non-economic) can be effectively considered and assessed under a common 

framework. For each demo, the developed MC-CBA methodology applied to all the alternative solutions 

investigated has allowed to elaborate a decision-making problem composed of a set of demo- or project-

specific Key Performance Indicators (KPIs) pertaining different dimensions (e.g., monetary, societal, 

environmental, etc.). Each KPI has been quantified for each alternative solution, weights have been 

considered for each of the considered dimensions, and the Analytical Hierarchy Process has been used 

to produce performance scores for each solution, leading to a MC-CBA ranking of the considered 

solutions.  

Following this workflow, the main findings of the MC-CBA activities can be summarized as follows:  

¶ For the Italian demo, the scenarios based on utilizing local flexibility sources for facing the 

demand increase has been revealed to be more cost-effective, for few hours per year, when 

compared to scenarios based on full grid reinforcement. Overall, the Italian demo underscored 

the importance of a common DSO-TSO market for ancillary services, facilitated by liquid 

markets with high participation of distributed resources. Moreover, the dynamism of distribution 

networks favoured granularity per Point of Delivery (PoD) and emphasized the need for data 

sharing and centralization for successful flexibility processes. 

¶ For the Greek demo, the scenarios based on hourly network tariffs proved to be more cost-

effective than the flat network tariff scenario. Overall, the Greek demo demonstrated substantial 

benefits through advanced tools like State Estimation and optimized DER control, highlighting 

their potential in diverse network settings.  

¶ For the German demo, the scenario based on solving grid congestion problems via flexibility 

utilization (with battery control) have shown to be more cost-effective than the scenario 

considering conventional grid reinforcement as the only solution. Overall, the German demo 

showcased the positive impact of the energy management system in reducing power peaks and 

energy exchange.  
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1 Introduction 

The project ñPLATform for Operation of distribution Networks ï Platoneò aims to develop an architecture 

for testing and implementing a data acquisition system based on a two-layer Blockchain approach: an 

ñAccess Layerò to connect customers to the Distribution System Operator (DSO) and a ñService Layerò 

to link customers and DSO to the Flexibility Market environment (Market Place, Aggregators, é). The 

two layers are linked by a Shared Customer Database, containing all the data certified by Blockchain 

and made available to all the relevant stakeholders of the two layers. This Platone Open Framework 

architecture allows a greater stakeholder involvement and enables an efficient and smart network 

management. The tools used for this purpose are based on platforms able to receive data from different 

sources, such as weather forecasting systems or distributed smart devices spread all over the urban 

area. These platforms, by talking to each other and exchanging data, allow collecting and elaborating 

information useful for DSOs, transmission system operators (TSOs), Market, customers and 

aggregators. In particular, the DSOs will invest in a standard, open, non-discriminatory, blockchain-

based, economic dispute settlement infrastructure, to give to both the customers and to the aggregator 

the possibility to become flexibility market players. This solution allows the DSO to acquire a new role 

as a market enabler for end users and a smarter observer of the distribution network. By defining this 

innovative two-layer architecture, Platone strongly contributes to aims to removing technical and 

economic barriers to the achievement of a carbon-free society by 2050 [1] creating the ecosystem for 

new market mechanisms for a rapid roll out among DSOs and for a large involvement of customers in 

the active management of grids and in the flexibility markets. The Platone platform is tested in three 

European demos (Greece, Germany and Italy). The Platone consortium aims to go for a commercial 

exploitation of the results after the project is finished. Within the H2020 programme ñA single, smart 

European electricity gridò Platone addresses the topic ñFlexibility and retail market options for the 

distribution gridò. 

For the successful rollout of the innovative solutions tested in the Platone demos, methodologies for 

Scalability and Replicability Analysis (SRA) as well as Cost Benefit Analysis (CBA) are developed as 

part of Work Package 7, with the scope to identify technical, economic and regulatory barriers that might 

pose a limit to their large-scale deployment. 

 Task 7.3 - Performing SRA and CBA analysis 

Task 7.3 builds on the methodologies for SRA and CBA and respective data collected in Task 7.1 and 
Task 7.2. The aim of this task is to perform simulation-based technical analyses, whose outcomes will 
be complemented with extensive discussions regarding how non-technical boundary conditions (such 
as regulation and stakeholdersô perspectives) may impact the replication and upscaling of the Platone 
use cases.  
 
In particular, Task 7.3.1 focuses on performing quantitative simulations for SRA based on the 
methodology developed in D7.2 [2], whereas Task 7.3.2 aims at applying the CBA methodology 
developed in D7.3 [3] for each of the three smart grid demos of the Platone project.  

 

 Task 7.4 - Elaboration of final messages 

The results achieved in Task 7.3 are employed to elaborate recommendations for the support of the 

large scale deployment of the innovative solutions tested in the demos. In particular, barriers are 

identified which pertain to the technical aspects (e.g., standardization needs, grid characteristics), 

economic aspects (e.g., improvement in market designs, research needs to improve the adopted CBA 

methodology), regulatory aspects (e.g., identification of the optimal regulatory schemes to better support 

the deployment of the tested solutions), and the customers engagement (e.g., suggestions to enhance 

customer participation in the management of the tested solutions). The identified barriers are 

accompanied by a set of possible recommendations in collaboration with the demo leaders. 
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 Objectives of this Deliverable 

The objective of this deliverable is to provide a comprehensive summary of the main contributions and 

final results stemming from Task 7.3 and 7.4 obtained within the Platone CBA and SRA, with focus on 

the work developed within the fourth and final year of the project.  

First, the software specifically developed for performing the SRA simulations is described in a step-wise 

manner, the application of the SRA methodology [2] to the Platone demo UCs is detailed and results 

and main findings are elaborated for each of the three demos. Then, the CBA combined with the Multi-

Criteria Analysis (MCA) developed in D7.3 is applied to evaluate the cost-effectiveness of the innovative 

solutions tested in the three demos. Discussion on the non-technical boundary conditions (e.g., 

regulation and stakeholdersô perspectives) which may affect the replication and upscaling of the Platone 

use cases is presented. Finally, concluding remarks are reported to highlight future work directions as 

well as main barriers encountered during the development of the work.  

 Outline of the Deliverable 

This deliverable is organized as follows: 

¶ Chapter 2 describes the steps that were followed to apply the Scalability and Replicability 

methodology described in D7.2 [2] to the analysis of the different demo use cases that have 

been selected for the SRA, as well as the tools and algorithms developed for this purpose.   

¶ Chapter 3 reports the results of the SRA, summarizes the main conclusions that have been 

obtained from the elaboration of the results, and elaborate recommendations for supporting the 

large-scale deployment of the solutions tested in the demos, by identifying barriers related to 

the regulatory as well as customer engagement aspects.  

¶ Chapter 4 provides a description of the Smart Grid Evaluation toolkit adopted to perform the 

MCA-CBA of the innovative solutions of the Platone demo use cases; 

¶ Chapter 5 applies the MCA-CBA to the Platone demo use cases and reports the per-demo 

results and main findings; 

¶ Chapter 6 provides a brief discussion on the innovative business models that have been 

identified to support the utilities in their smart solutions development at a broader scale; 

¶ Chapter 7 concludes the report. 

 How to Read this Document 

As this document is part of the WP7 of Platone project, its general goals and innovations are briefly 

summarized in the first paragraph of Chapter 1. General overview of the three demos of the Platone 

project is beneficial, in which regard a detailed description can be obtained from D3.6 [4] (Italian demo), 

D4.1 [5] (Greek demo) and D5.2 [6] (German demo).  

As this deliverable reports the main findings and recommendations for the SRA and MCA-CBA 

methodologies developed in the Platone project WP7, basic knowledge of them is desirable. More 

details of the two methodologies can be found in D7.2 [2] and D7.3 [3], respectively. The confidential 

results and sensitive data relative to the content presented in this deliverable are reported in the 

confidential deliverable D7.4 [7]. 
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2 Scalability and Replicability Analysis: methodology and 
software architecture 

 Overview of the SRA methodology  

The SRA goal is to evaluate the large-scale potentials of deployment of the most innovative solutions 

tested in the demo at EU level. The scope of this activity is to estimate how the KPIs calculated in the 

demos might change when boundary conditions will change (replicability analysis) or when the project 

will be deployed at a larger scale (scalability analysis). Section 2.1 describes the characteristics of the 

use cases implemented in the SRA (SRA-UCs) and their relations with the demo UCs. Section 2.2 

describes the software tools developed to perform the SRA simulations. 

It is noteworthy that the analysis presented hereafter is complemented by the technological scalability 

assessment performed in WP2, that aims at evaluating the performance of the Platone platform and 

Platone Open Framework when the number of customers served by the Platone architecture increases. 

In particular, two main aspects are addressed in D2.16 [8], namely platform scalability (in terms of 

computational load when the number of users increases) and system scalability (in terms of various 

performance metrics related to execution and communication time), and the Italian demo use case UC-

IT-1 has been chosen for these tests.  

The platform scalability performed in WP2 is focused on two UCs implemented in the Italian demo 

(congestion management and voltage control) and it foresees an extension of the two Italian use-cases 

in terms of number of DER involved in the execution of the workflow (approximately the 30% of DER 

expected in the Italian demonstrator geographical area in the present grid conditions). The complete 

process has been simulated, and no real users have been involved in the simulation. The Platform 

scalability demonstrated the possibility to extend the Platone Open Framework up to a target value in 

the current demo geographical area. 

The System scalability performed in WP7 assesses the amount of flexibility that shall be provided by 

flexible resources (loads and generators) in order to solve congestion issues and voltage violations 

without further reinforcing the grid in a future year (2030) or under different boundary conditions (e.g. 

rural network). Moreover, the SRA performed in WP7 simulated two different UCs: a ñdesired power 

exchangeò between MV and LV and the ñzero power exchangeò operation. 

As stated in D7.2 [2] the most important definitions and the main outlines of the methodologies for SRA 

are: 

Definitions 

¶ Scenario: a specific combination of load and generation values at a specific time ὸ for the set of 

ὔὲέὨὩί (total number of grid nodes). 

¶ Profile: a set of load/generation values over a specific time interval πȟρȟȣȟὝ} (e.g., one day). At 
each time we consider the power value of a given profile as the sum of the power values of the 
corresponding load/generation scenario.  

¶ Load Flow (LF): a numerical analysis of the flow of electric power in an interconnected system. 
A power-flow study usually uses simplified notations such as a one-line diagram and per-unit 
system, and focuses on various aspects of AC power parameters, such as voltages, voltage 
angles, real power and reactive power. It analyzes the power systems in normal steady-state 
operation.  

¶ Optimal Power Flow (OPF): an optimization problem that dispatches the total demand to the 
power generation units of the system according to their cost factors, subject to constraints of 
power balance, power injections and power flows in the system, as well as operational and 
capacity limits of voltage and power variables.   

¶ Scalability analysis: aims at answering the question ñwhat to expect if the use case were to be 
implemented at a larger scale under the same boundary conditions?ò The implementation of a 
use case at a larger scale could mean the implementation of a higher degree of smartness, a 
larger area of action, the engagement of a larger number of consumers, the penetration of 
higher volumes of distributed resources, etc. In this regard, scaling-up may be classified 
according to the two main dimensions. 

¶ Scalability in density: analysis that includes the evaluation of the effects of the increased 

penetration of a given solution within the same area that hosts the demo: e.g.: higher penetration 
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degree of distributed generation in the network, higher degree of flexibility of consumers, higher 
degree of network automation, etc.  

¶ Scalability in size: analysis that includes the evaluation of the effects of the deployment of a 
given solution at a larger scale involving different types of areas within a region or country.  

¶ Replicability analysis: analysis that aims at answering the question ñwhat to expect if the use 
case were to be implemented at a different location, where different boundary conditions can 
be found?ò To analyze replicability, different scenarios must be considered and sensitivity to the 
main parameters that constitute the boundary conditions of the demonstrator has to be 
assessed. Replicability analysis has two main dimensions:  

o Intra-national replication: it addresses the analysis of the replication of the same 
solution in the same country that hosts the demo but in situations in which technical 
boundary conditions may differ, but the same economic and regulatory boundary 
conditions prevail and the different stakeholders have similar points of view. Variations 
in the penetration degree of distributed resources, degree of automation in the network, 
impact of demand side management, etc. will be also studied, to account for the effect 
of changes in the regulatory and stakeholder related boundary conditions.  

o International replication: it addresses the analysis of the replication of the same solution 
when all types of boundary conditions may differ from those in the demo site due to 
different regulation schemes and incentives, different economic situations, different 
strategies from policy makers and distribution companies, different types of networks, 
different social concerns, etc. 

To simulate the selected demo UCs in the SRA, ad hoc tools and algorithms have been developed by 

WP7 partners to simulate advanced strategies for the operation of distribution grids that allow the DSOs 

to exploit flexibility services provided by distributed resources to solve local congestions.  

These innovative sets of algorithms and tools have been used to replicate the control strategies 

implemented in the project demos. In the context of SRA, two control strategies have been simulated: 

¶ Desired power exchange 

¶ Zero power exchange 

These are referred to as ñSRA-UCsò for the rest of the document. 

2.1.1 ñDesired power exchangeò SRA-UC 

The ñdesired power exchangeò SRA-UC aims at simulating a control strategy that enables the DSOs to 

curtail a selected amount of energy imported (or exported) from (to) the main grid. The curtailment of 

imported power is compensated by the provision of flexibility services provided by local sources of 

flexibilities. This SRA-UC could also simulate a situation in which the DSO, in order to prevent potential 

congestions that can occur during peak days, asks the managers of the distributed sources of flexibility 

to modify their production and consumption curves.To model the demos use cases and KPIs, an ad hoc 

modification was implemented in the OPF algorithm of the software architecture illustrated in Figure 1.  

In the network model used in these studies, the power exchange between the observed grid and the 

external grid is simulated by a generator unit that is placed at the connection between the external grid 

and the observed grid. In the OPF algorithm modified to simulate the ñdesired power exchangeò SRA 

UC, the production of this generation is set to a value equal to the desired amount of power injection 

from the external grid while the corresponding cost factor in the objective function is set to a large value 

in comparison to the costs associated to the other generators connected to the grid. This formulation 

aims at simulating a contingency in which the DSO is forced to curtail the power imported by the main 

grid by a predefined percentage (in the simulations such a percentage constitutes an input of the 

problem). This OPF formulation could also simulate a situation in which the DSO, to prevent potential 

congestions that can occur during peak days, asks the managers of the distributed sources of flexibility 

to modify their production and consumption curves. 

2.1.2 ñZero power exchangeò SRA-UC 

The zero-power exchange SRA-UC aims at simulating a control strategy that enables the DSO to set 

the value of power exchange between the LV and MV grids or MV and HV grids equal to zero in the 

observed time slices. To model this use case, an ad hoc modification was implemented in the OPF 

algorithm of the software architecture illustrated in Figure 1.  In the network model used in these studies, 
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the power exchange between the observed grid and the external grid is simulated by a generator unit 

that is placed at the connection between the external grid and the observed grid. The parameters that 

represent this generator are set in such a way to force the power exchange at the connection point equal 

to zero in each observed timeslice. Specifically, the lower limit of this power generation allowed in this 

generator is set to zero and the corresponding cost factor in the objective function is set to a large value 

in comparison to the costs associated to the other generators connected to the grid. In this way, this 

power generation unit is considered as ñexpensiveò in the OPF problem, and the algorithm assigns to 

this power variable its lowest possible value, which is zero. Thus, the observed network is not allowed 

to import or export power from the external grid. Thus, to satisfy the energy demand that would have 

been supplied by the energy imported from the main grid during the normal operation, the network can 

rely only on local sources of flexibility, i.e., it can only consume the power stored in the local batteries 

and can only rely on the curtailment of flexible loads. 

2.1.3 Links between the SRA-UCs and the demo UCs  

As stated in D7.2 [2], the scalability and replicability analysis performed in WP7 is limited to a selected 

list of demo use cases that have been agreed with the demo leaders.  The lists of demo use cases and 

KPIs included in the SRA are summarized in Table 1. 

Table 1: Recap of demo UCs analysed in the SRA (source: [2]) 

Demo Use case/ KPI Country Description 

UC ï DE - 1 ï Virtual 

islanding 

DE The UC ñvirtual Islandingò of an energy community aims at 

balancing generation and demand of a local energy 

community in such a way that the load flow across the 

connecting MV/LV transformer is reduced to a minimum. 

UC ï DE- 2 - Flexibility 

Provision 

DE It demonstrates the practical feasibility of an innovative 

approach to operate the local distribution grid. In this approach 

the DSOs aims at maintaining a predefined value of power 

exchange between the community grid and the main grid for a 

defined duration 

UCïITï2: Congestion 

Management 

IT Its goal is to demonstrate the practical feasibility to unlock local 

flexibility sources to address local congestion and voltage 

stability 

KPI_GR_07 Generation 

curtailment  

GR To achieve better operating conditions of the distribution 

network in the case of a frequency restoration reserve 

activation request by the TSO.  

KPI_GR_08 Demand 

curtailment 

GR 

UC-GR-4 - Distribution 

Network limit violation 

mitigation 

GR 

 

The SRA analysis simulates the implementation of the above-mentioned demo UCs in different 

conditions that represent the different steps of the SRA analysis:  

¶ scalability in density that aims at simulating the implementation of the demo UC when 

implemented in the same network with an increased penetration of the resources involved in 

the demo,  

¶ replicability intra ï national that aims at simulating the implementation of the demo UC when 

implemented in different types of networks with similar regulatory conditions; 
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¶ replicability international aims at simulating the implementation of the demo UC when 

implemented in different boundary conditions. 

The desired power exchange SRA ï UC is used to perform the following steps of the SRA analysis: 

¶ Italian demo: scalability in density; replicability intra national; 

¶ Greek demo: scalability in density; replicability intra national; 

¶ German demo: scalability in density; replicability intra national (UC 2) 

The demo UC ï IT -2 [9] proved that simulated congestions could be resolved with the contribution of 

local flexibility sources. To model this use case in the SRA, the desired curtailment SRA-UC is used. In 

these simulations the load and generation curves that describe the 2018 Summer and Winter peak days 

are increased to simulate the expect Summer and Winter peak in 2030. In the simulations it has been 

assumed that the grid topology will not change with respect to the current situation. Moreover, to 

simulate congestions in the future grid scenarios, it is assumed that the import from the MV grid is 

curtailed by 10% with respect to the baseline import from the MV grid. The replicability intra national 

analysis implements the same SRA ï UC in a different network topology, while maintaining the same 

load and generation curves used for the scalability in density SRA. 

Similarly, the desired power exchange SRA ï UC is used to perform the scalability in density and 

replicability intra national analysis of the Greek demo. In fact, based on D4.1 [5], the goal of UC-GR -4 

is to achieve better operating conditions of the distribution network in the case of a frequency restoration 

reserve activation request by the TSO. In fact, in the tests performed in the Greek demo, in case the 

TSO needs a frequency support from the MV grid, a request is sent to both the Aggregator and the DSO 

to curtail the local request of power to resolve the local problem. The DSO calculates and communicates 

to the Aggregator the appropriate network tariffs that reflect the situation of the network. The flexible 

loads react to these tariffs and respond to the flexibility support request appropriately.  To replicate this 

demo UC in the SRA software architecture, the desired curtailment is used: the flexibility request issued 

by the TSO is simulated in the model by requesting to curtail the injection from the HV grid by a fixed 

percentage with respect to the baseline scenario. In the ñscalability in densityò simulations, load and 

generation curves projected to year 2030 are used and the local flexibility sources are used to resolve 

the expected congestions generated by the TSO request to curtail part of the injection. The replicability 

intra national analysis is performed implementing the same SRA ï UC in a different MV network topology 

with the same load and generation curves. 

Finally, the desired power exchange SRA-UC is also implemented to simulate the UC2ïDE Flexibility 

Provision use case that demonstrates the practical feasibility of an innovative approach to operate the 

local distribution grid (that represents a rural distribution model). In this approach the DSOs aims at 

maintaining a predefined value of power exchange between the community grid and the main grid for a 

defined duration. In the SRA simulations, the predefined value that shall be maintained s calculated as 

a fixed percentage of curtailment of the power exchange profile between the community and the main 

grid foreseen for the Summer peak 2030, while the intra national simulations are performed applying 

the same SRA-UC and profile to the urban LV network model. 

The zero power exchange SRA ï UC is used to perform the following steps of the SRA analysis: 

¶ German demo: scalability in density, replicability intra national (UC1) 

¶ Italian demo: replicability international; 

¶ Greek demo: replicability international; 

As stated in D5.2 [10] the scope of the German UC1 (Virtual Islanding) is the implementation of the 

ñvirtual Islandingò of an energy community. This demo UC aims at balancing generation and demand of 

a local energy community in such a way that the load flow across the connecting MV/LV transformer is 

reduced to a minimum, leveraging on the flexibility services that could be provided by local storage units 

and other local sources of flexibility services. To simulate this demo UC in the SRA software architecture, 

the Zero power exchange SRA UC is implemented with the modality described in Section 2.1.2. 

The replicability analysis of the Greek and Italian demo is performed by applying the ñzero power 

exchangeò SRA- UCs to the same network models and load and generation curves that describe the 

expected evolution of local demos in 2030 (and have been used in the ñscalability in densityò simulations) 
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In fact, the goal of this analysis is to simulate the behavior of the solutions tested in the demos when 

applied to different boundary conditions. The Italian and the Greek demo did not include in their field 

tests the ñvirtual islandò use case. Moreover, the current regulatory scheme prevents the implementation 

of this operating scheme in the real networks. Therefore, the application of the ñzero power exchangeò 

SRA-UC represents an application of the demo UCs under different boundary conditions. The scope of 

this analysis is to provide an estimation of the amount of flexibility that shall be procured by local source 

of flexibility to enable the implementation of this use case and to test the capability of the distribution 

grids to provide an amount of flexibility services adequate to resolve severe congestions. 

 Software architecture description 

Figure 1 illustrates the software architecture that was developed by RSE and RWTH to perform the 

SRA. The input needed to run the model are the following:  

1) Load and generation profiles (combinations of generation and load profiles) (steps 5 and 6) 

2) Network topology files: CIM network models and JRC representative network models [11] 

3) Limits for lines capabilities, voltage deviations; transformer limits (technical parameters fixed 

by national regulations, as reported in the 6th CEER benchmarking report on the quality of 

electricity and gas supply [12])  

 

Figure 1: Schematic depiction of the SRA software architecture 

2.2.1 Input data (step 1, 2 and 3)  

The input data requested to perform the simulations are the following: 

¶ Network topology (e.g., demo grid topology) (step1) 

o CIM network models representing demo areas 

o JRC network models for scaled up/ replicated networks 

¶ Generation and load profile ñas isò (e.g., 2018) as seen from the connection points between the 

demo grid area and the external grids (e.g.: primary or secondary substations) during a specific 

day (e.g., winter and summer peak days) (step 2). An example of data requested in this step is 

illustrated Table 2 

¶ Generation and load ñtargetò profile (i.e., evolution of the future profiles as defined by national 

development plans, e.g. for 2030), e.g. expected growth of loads, generations, expected 

penetration of EV, storage units, controllable loads etc. as illustrated in Table 7, Table 8, Table 

9, Table 10 and Table 12 (step 3) 
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Table 2: Example of input data for loads 

Time slice Load 2018 [kVA] 

0 1285.58 

1 1179.05 

2 1113.94 

3 1072.27 

4 1051.42 

[é] [é] 

23 1454.86 

 

2.2.2 Scenario generator (step 4) 

The objective of the scenario generator is producing a family of ὔ random scenarios (with the possibility 

to loop over time to create random profiles). The randomness is intended to be both geographical (e.g., 

different power values at different nodes) and parametric (different power values at a specific node). In 

Chapter 2.2.2.1, the overview is given in a general manner, while in Chapter 2.2.2.2 more details are 

given. The algorithm described in this chapter was implemented in a python code reported in Annex B. 

2.2.2.1 General overview  

Imagine that, for a 3-node grid, two daily profiles are given:  

¶ ñas isò profile in 2018 (e.g., blue curve in  Figure 2)  

¶ ñtargetò profile in 2030, which is uncertain between a lower (ὸὥὶὫὩὸὓὍὔ) and upper (ὸὥὶὫὩὸὓὃὢ) 

limit (e.g., orange and grey curve in Figure 2).  

In other words, the ñas isò daily profile is assumed to be known without uncertainty, whereas the ñtargetò 

profile is defined with a given uncertainty. 

 

 

Figure 2: Profiles created in the algorithm 
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Assume that, at a given time ὸ, the total load values of the ñas isò and ñtargetò profiles are as defined in 

Table 3. 

Table 3:  total load values of the ñas isò and ñtargetò 

 As Is ὝὥὶὫὩὸ ὓὍὔ ὝὥὶὫὩὸ ὓὃὢ 

ὖὒὸέὸ(ὸ) [MW] at given time t 200   500 600 

 

Figure 3 illustrates an example of the algorithm that was developed to calculate the load an generation 

curves in the target scenarios.  

In particular,  

¶ the ñas isò total load ὖὒὸέὸ is given by the sum of the 3 loads in Figure 3 

 
ὖὒὸέt(ὸ)= ὖὒὃ+ὖὒὄ+ὖὒὅ=50ὓὡ+110ὓὡ+40ὓὡ  

 

In particular,  

¶ the ñas isò total load ὖὒὸέὸ is given by the sum of the 3 loads in Figure 3:  

 
Figure 3: Example of 3-node grid with loads 

In the example illustrated in Figure 3 the percentage of the increase of ὖὒὸέὸ from the ñas isò to the 

ñtargetò profiles is included between 150% (200ὓὡŸ500ὓὡ) and 200% (200ὓὡŸ600ὓὡ). 

Accordingly, the variability of each nodal load is included in the following values. It was assumed that 

the variability of these parameters is described by a uniform probability distribution (PDF): 

¶ ὖὒὃ=[75,150] ὓὡ 

¶ ὖὒὄ=[165,330] ὓὡ 

¶ ὖὒὅ=[60,120] ὓὡ 

The three PDFs associated to each load value are used to run a Monte Carlo simulation aimed at 

collecting the correspondent Monte Carlo values of ὖὒὸέὸ, as in Figure 4. 
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Figure 4: Application of the approach to select PLtot values 

 
Each set of nodal load value combination is a load scenario. The set of all load scenarios respecting 
this constraint represent the family of load scenarios from which a set of ὔ random load scenarios can 
be sampled by the user. 

Figure 5 illustrates the target profiles created by the scenario generator algorithm. 

 

Figure 5: Profiles created in the algorithm 

A similar approach is used to calculate the generation profiles. 

After creating the user-defined families of load and generation scenarios (each of them respecting the 

correspondent constraints), a random sampling within these two scenario sets can be performed. An 

example of one sample of load and generation scenario is reported in Figure 4. As many as ὔ load and 

generation scenarios can be produced, with ὔ selected by the user. To create a profile (i.e., set of 

scenarios at each time), the process so far described is repeated for all the time steps (e.g., 24 times 

for a daily profile), by considering the ñas isò and ñtargetò profiles. 

2.2.2.2 Detailed explanation of the algorithm  

The ñscenario generatorò program reported in Annex B is an open-source Python program developed in 
the framework of the Platone project. It creates automatically different scenarios that describe the 
expected evolution of the electricity grids taking as input the current profiles measured at the secondary 
or primary substation and a set of information describing global evolution of grids. This information is 
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obtained by looking at the DSOs grid development plans and with interviews with the demos. The input 
data are summarized in Table 4. 
 
Table 4: Input data requested by the model 

 
Variable 
 

Unit Description 

n_nodes Number Number of nodes below the substation 

Cos•  Power factor 

perc_increase_load [%] 
Expected increase of load with respect to baseline 
scenario 

uncertain_load [%] 
Error associated to the expected increase of load 
forecast 

perc_increase_gen [%] 
Expected increase of generation with respect to 
baseline scenario 

uncertain_gen [%] 
Error associated to the expected increase of gen. 
forecast 

perc_nodes_gen [%] 
% of nodes equipped with generator in the target 
scenario 

gen_types labels 
Types of generators connected to the grid in target 
scenario [default: PV; PV and storage] 

gen_percs [%] 
Percentage of each type of generator (sum must be 
equal to 100%] 

load_types labels 
Types of loads connected to the grid in target 
scenario [default: residential; EV; fixed; storage] 

load_percs [%] 
Percentage of each type of load (sum must be equal 
to 100%] 

min_contracted_power [kW] 
Minimum contracted power in the considered 
network in target scenario 

med_contracted_power [kW] 
Medium contracted power in the considered network 
in target scenario 

max_contracted_power [kW] 
Max contracted power in the considered network in 
target scenario 

perc_min [%] 
% of loads equipped with meters that had the 
minimum contracted power in target scenario 

perc_med [%] 
% of loads equipped with meters that had the 
medium contracted power in target scenario 

perc_max [%] 
% of loads equipped with meters that had the max 
contracted power in target scenario 

 
 
The python code developed for this purpose includes the following steps: 

1) the program assigns to each node a specific IDs  

2) Based on input parameters, a subset of the nodes IDs are selected using a random sampling. 

These nodes will host generation in the specific scenario 

3) The program creates a profile for the active loads simulated in the specific scenario: 

a. Generate as is nodes profile from Load Aggregate Profile 

b. Generate node profile: 

i. for each time slice, the algorithm selects a random number included between 

max and min Target Load Aggregate Profile 

4) Compute reactive power for load scenario.  

5) Create active power generation Scenario. 

6) Generate as is nodes profile from Generation Aggregate Profile 

7) Generate max and min Target Generation Aggregate Profile 

8) Generate node profile: 
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a. for each time slice a random number is generated between max and min Target 

Generation Aggregate Profile at the time slice 

9) Compute reactive power for generation scenario 

10) For each load node generate random the type of node (selecting randomly from an assigned 

list of load categories) 

11) Generate weighted load profiles based on the installed capacity: 

a. For each load node generate random the contracted power (selecting randomly from 

an assigned list of load categories) 

b. For each time slice, calculate the total energy consumed at target scenario (sum of 

each load profile) 

c. For each node, calculate load weight as ratio between the contracted power of each 

node and the total energy consumed (calculated in step b.) 

d. For each time slice, calculate the weighted load profile by multiplying, for each time 

slice, the relevant load weight by the total energy consumed in each time slice 

12) For each generation node it assigns randomly the type of generator (selecting randomly from 

an assigned list of generator categories) 

13) Generate different scenarios through a permutation of the nodes order  

Steps 3) consists of a routine that takes as input the daily profiles as seen in the substation that connects 
the analyzed grid with the main grid (MV or LV). The algorithm then creates the daily profile (for both 
generation or load curves). The algorithm then computes the maximum and minimum load and 
generation profiles by multiplying the values calculated in each time slice for the expected increase of 
generation and loads and the related uncertainties:  
 

ὓὭὲͅὍὲὧὶὩὥίὩὝͅὥὶὫὩὸρ ρ όὲὧὩὶὸὥὭὲὸώȟ    

 
ὓὥῲὍὲὧὶὩὥίὩὝͅὥὶὫὩὸρ ρ όὲὧὩὶὸὥὭὲὸώȟ    

 
Steps 3) and 7) consist in the creation of the maximum and minimum profile target (for load and 
generators respectively), as illustrated in Figure 2. 
For each time slice included in the observation period, the program selects a random value included 
between the minimum and maximum limits. This value is selected with a random function that samples 
a random value by extracting it from a uniform distribution.  
 
To get a more realistic characterization of the load profiles, the algorithm includes the following steps: 
 

¶ 11)a: in the input file the DSO shall indicate the 3 most frequent values of contracted power that 
are offered to the final customers and the relevant percentages of customers that have chosen 
these options. The algorithm then assigns to each load a random value of the contracted power 
(selecting randomly from an assigned list of load categories) 

¶ 11)b for each time slice, the algorithm calculates the total energy consumed at target scenario 
(sum of each load profile) 

¶ 11)c for each node, the algorithm calculates the ñload weightò as ratio between the contracted 
power of each node and the total energy consumed (calculated in step B) 

¶ 11)d For each time slice the algorithm, calculates the weighted load profile by multiplying, for 
each time slice, the relevant load weight by the total energy consumed in each time slice. 

 
In step 12) the algorithm sort randomly the ID nodes that will be equipped with a generator. The number 
of distributed generators in the network is calculated by multiplying the number of nodes by the 
percentage of nodes that will be equipped with generators. The algorithm can also assign a typology of 
the generator choosing from 2 alternatives: PV plants and PV plants equipped with storage units (PVs). 
In particular, 

¶ PV plants can offer a flexibility profile that ranges from 1.0% to 0.1% of their baseline production 

¶ PVs plants can offer a flexibility profile that ranges from 1.25% to 0.1% of their baseline 
production (they are allowed to inject more power with respect to the baseline production by 
leveraging on the power provided by the storage unit. 



Deliverable D7.6  

Platone ï GA No 864300 Page 20 (110) 

The algorithm assigns randomly the typology of each load connected to the grid by selecting randomly 
the category among the following list: (EV, Fixed, Residential, Storage). The number of load nodes 
associated to each category is calculated by multiplying the number of nodes in the network by the 
relevant percentage (this data is provided by the DSO). This option was not used in the simulations that 
had been performed to limit the computational time needed to run the simulations, however in future 
development of the software architecture, this option can be used to assign a different flexibility profile 
according to the load category. In the simulations that have been performed, it is assumed that each 
load will provide an amount of flexibility that is calculated as a fixed percentage of this baseline scenario. 
The percentages adopted in each scenario have been discussed with the demos. 
To create a set of N random scenarios, in step 13) the Python shuffling function is finally called by the 

algorithm. This function changes the position of generators and loads in the selected network thus 

creating multiple scenarios starting from a single random sampling. 

An example of the outcomes of the algorithm are illustrated Table 5 (generation profiles) and Table 6 

(load profiles).  

The "scenario generator" algorithm was implemented in a dedicated python script that is reported in 

Annex B. 

 
Table 5: Example of generation scenarios calculated for a target year (4 scenarios)  

time_slice 
0 

time_slice 
1 

time_slice 
2 

[..] time_slice 
23 

node_type node_id scenario_id 

387147 775117 1177351  120482 pvs 0 0 

404911 819064 1223516  121187 pv 4 0 

410159 787794 1162172  120774 pvs 1 0 

387147 775117 1177351  120482 pvs 0 1 

404911 819064 1223516  121187 pv 1 1 

410159 787794 1162172  120774 pvs 4 1 

387147 775117 1177351  120482 pvs 4 2 

404911 819064 1223516  121187 pv 0 2 

410159 787794 1162172  120774 pvs 1 2 

387147 775117 1177351  120482 pvs 4 3 

404911 819064 1223516  121187 pv 1 3 

410159 787794 1162172  120774 pvs 0 3 

 

Table 6: Example of load scenarios calculated for a target year (4 scenarios)  

time_slice 
0 

time_slice 
1 

time_slice 
2 

[é.] time_slice 
23 

Node type contracted 
power 

Node id Scenario id 

265161 507511 481131  505494 Fix 6 0 0 

266094 508135 482756  506838 Home 3 1 0 

264961 502218 483875  501766 Home 9 2 0 

266033 502441 482620  501764 Fix 6 3 0 

265140 504084 480125  509727 Home 6 4 0 

265161 507511 481131  505494 Fix 6 0 1 
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266094 508135 482756  506838 Home 3 1 1 

264961 502218 483875  501766 Home 9 2 1 

266033 502441 482620  501764 Fix 6 4 1 

265140 504084 480125  509727 Home 6 3 1 

265161 507511 481131  505494 Fix 6 0 2 

266094 508135 482756  506838 Home 3 1 2 

264961 502218 483875  501766 Home 9 3 2 

266033 502441 482620  501764 Fix 6 2 2 

265140 504084 480125  509727 Home 6 4 2 

265161 507511 481131  505494 Fix 6 0 3 

266094 508135 482756  506838 Home 3 1 3 

264961 502218 483875  501766 Home 9 3 3 

266033 502441 482620  501764 Fix 6 4 3 

265140 504084 480125  509727 Home 6 2 3 

 

2.2.3 Load flow analysis (step 8) 

The generators and load profiles that have been calculated in this step are then passed to the load flow 

calculator. The software architecture used in Platone calls the MATPOWERôs Extensible Optimal Power 

Flow Architecture [13]. This tool is used only to perform the load flow analysis. The input needed to run 

the model are the following:  

1) Load and generation profiles (combinations of generation and load profiles) (steps 5 and 6) 

2) Network topology files 

3) Limits for lines capabilities, voltage deviations; transformer limits (technical parameters fixed by 

national regulations)  

The steps that the software architecture follows to run the load flows and to select the congested 

profiles that are sent to the Optimal Power Flows are illustrated in Figure 6. The software architecture 

creates different combinations of loads and generators daily profiles and sends them to Matpower that 

run the load flows. In a following step, the software architecture selects the OPF results in which a 

violation occurred and send this information to the OPF to perform the OPF and identify the new loads 

and generators set points that can allow the system to avoid congestions while leveraging on the local 

flexibility. 
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Figure 6: Steps of the load flow analysis 

 The information that the Load Flows transfer to the OPF is the following: 

A. An input file that contains the basic information needed to run the OPF. Among these parameters 

we can list: the flexibility curtailment; the number of nodes in the network; 

B. A ñwarm startò file that is used by the OPF to initialize the iterations; 

C. An excel file that describe the characteristics of the network (including generators and loads 

profiles) that had caused the congestion detected by the Load Flow. 

To identify the possible sources of flexibilities to solve the local congestion, we had assumed that each 

generator supplies power into the grid during the application of the 2 SRA UCs. Each generation can 

inject up to 1 per unit (p.u.) of active and reactive power in each time slice to supply the network. Each 

load connected to the grid can reduce its consumption by a specific percentage with respect to the 

consumption considered in the congested scenario. This percentage is an input parameter selected by 

the DSOs and included in the OPF parameter described in the indented A. It is important to underline 

that, in the simulations, each timeslice is considered as an independent timeslice with respect to the 

previous time slice, i.e., the available flexibility remains unchanged in each considered timeslice, 

regardless of whether there has been congestion in the previous timeslice. The specifications and input 

data requested in these files contain sensitive information that are reported in D7.4 [7].  

2.2.4 Modified OPF problem (step 12) 

2.2.4.1 Classical OPF problem 

The classical OPF problem dispatches the total demand of a system among the conventional generators 

according to their operational costs. This goal forms the objective function of the optimisation problem, 

subject to: 

¶ the balance between total generation and total demand in the system,  

¶ the power flows in the lines,  

¶ the operational limits of the voltage at the nodes of the system, 

¶ the capacity limits of the power generation units of the system, 

¶ the capacity limits of flows through the lines of the system. 

To achieve faster execution of the OPF problem, fully distributed OPF algorithms have been proposed 

[14], [15]. This approach also ensures the scalability and modularity of the OPF algorithm, as the 

algorithm can be applied easily to any size of system, with any set of power generation units. The latter 

means that the distributed OPF algorithm can be modified easily, when units are integrated in the system 

that are not dispatched according to their operational costs, e.g., flexible loads. In addition, the algorithm 

can be easily modified to simulate certain scenarios of the system operation, e.g., for desired power 

generation from certain units or desired power injections from certain nodes. The aforementioned 
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modifications can be performed easily thanks to the nodal formulation of the OPF problem for the fully 

distributed OPF algorithm, without changes in big data structures of the entire system. 

2.2.4.2 Modifications to the classical OPF problem for the use-cases 

The classical OPF problem, in its nodal formulation, is modified here for including flexible loads in the 

system and simulating the desired system operation of the two use-cases, i.e., zero power exchange 

with the external grid and desired power injection to the external grid, respectively. 

 

For considering the integrated flexible loads in the demo systems, the corresponding power variables 

are introduced in the formulation of the OPF problem. These power variables are included in the 

objective function, with the relevant cost factors, as well as in the constraints of the power balance. 

Additional constraints for the limits of these power variables are introduced in the problem. The lower 

limit of the power variables of the flexible loads is determined as percentage of the upper limit, with this 

percentage corresponding to the acceptable curtailment of the flexible loads [16]. It should be mentioned 

that the cost factors of the flexible loads in the objective function of the OPF problem do not need 

necessarily to have a monetary interpretation; these can be used also as priority or penalty factors, to 

force or avoid the curtailment of the flexible loads. 

 

For simulating the use-case of the zero power exchange with the external grid of the demo systems, the 

parameters corresponding to the power generation unit that represents the external grid are set to 

particular values, to force this power variable to zero. Specifically, the lower limit of this power generation 

variable is set to zero and the corresponding cost factor in the objective function is set to a large value 

in comparison to the other cost factors. In this way, this power generation unit is considered as 

ñexpensiveò in the OPF problem, and the algorithm assigns to this power variable its lowest possible 

value, which is zero.  

 

For the use-case of the desired power injection to the external grid, the formulation of the OPF problem 

is modified to model negative power generated by the unit that represents the external grid, which is 

forced to a specific value. In particular, the constraint of the power balance at the node of the external 

grid is modified, to include negative power generation, i.e. variable of power absorption. Positive values 

of this power variable mean power absorption by this generation unit that represents the external grid. 

In other words, they mean injection from the system to the external grid. The lower limit of this power 

variable is set equal to the value of the desired amount of power injection from the demo system to the 

external grid. The cost factor corresponding to this power generation unit is set to a large value in 

comparison to the other cost factors in the objective function. Therefore, this power variable is forced to 

take its lowest possible value, which is equal to the desired amount of power injection from the system 

to the external grid.   

2.2.5 Elaboration of OPF results 

The outcomes of the OPF are used to estimate the amount of flexibility that is needed to resolve the 

expected congestions using local resources while maintaining the grid within the acceptable operational 

limits. To quantify this value, the following steps are followed: 

1. The OPF calculates the new set points of active and reactive power of loads and distributed 

generators. To calculate the amount of flexibility needed, the results of the OPF are then subtracted 

by the same set points values that were indicate in the ñwarm startò files. These values describe the 

operational points of generators and loads connected to the grid during a congested timeslice. This 

calculation is performed for each congested timeslice in each scenario. An example of the outcomes 

that can be achieved after this step is illustrated in Figure 7. Each folder contains the input values 

of the JSON file, the outcomes of the OPF calculation and an excel files that calculate the differences 

of the parameters mentioned above in the congested scenarios and after the OPF calculations  
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Figure 7: Example of the outcomes achieved in step 1 

2. An excel file is created by collecting all the flexibility values quantified in each congested scenario 

at the same timeslice. Finally, the average value of flexibility needs for a given timeslice is quantified 

(see Figure 8)  

 

 

Figure 8: Example of the outcomes achieved in step 2 

3. Finally, an excel file is created. This file collects all the average flexibility needs calculated in step 2  

for each node in each timeslice. 

4. The final results are plotted. These results represent, in each node, for each timeslice the average 

flexibility needs but also the minimum and the maximum value calculated in the 100 scenarios that 

were analyzed. 
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3 Scalability and Replicability Analysis of the demo use cases 

 Italian demo 

3.1.1 Scalability in density:  Summer scenario 

The characteristics of the scalability in density - Summer scenarios are: 

¶ The load profiles that are used as input for the ñas isò profiles are related to the Summer and 

Winter peak measured in an Areti primary substation in 2018. These values have been divided 

by number of total customers served by a single primary substation (based on input provided 

by Areti) and then multiplied by the number of customers served in the demo area (that includes 

only LV networks). The details calculations that were implemented to elaborate the LV profiles 

are reported in D7.4 [7]. The generation curves have been calculated by multiplying the values 

of PV generation (measured at the same day in which the Summer peak occurred) available in 

literature (calculated in p.u. by the average size and by the total number of PV panels installed 

in the demo area [17].   

The generation curves are referred to the Rome latitude. The gross load curves 

(winter/summer) are calculated by adding to the generation curves to the net load curves 

calculated at the secondary substations. These values have been labelled as sensitive 

information by the demo and therefore are reported in D7.4. 

¶ The grid model used for the simulation of the demo area is the LV Urban grid model developed 

by Joint Research Center (JRC) [11]. This network model was considered as an accurate model 

of the LV grid that hosts the Italian demo. This model is composed of 12 nodes (0.4 kV) and a 

slack node. Each node of this model can host both a generator and a load that are considered 

as independent components of the network model. The parameters that describe the 

characteristic of this network and the results of the calculation are expressed in per unit. For 

this particular network model, the p.u. value is equal to 0.01 MVA. 

¶ The input that describes the evolution of the grid in this scenario are summarized in Table 7. 

These data have been decided and validated during several iterations with the Italian demo to 

simulate a possible macro evolution of the distribution grid characteristics, however these 

values do not represent an official grid planning study of the distribution grid operated by Areti. 

 

Table 7: Data describing the grid evolution of the Italian demo. 

Variable Value Description 

n_nodes 13 Number of nodes below the substation 

perc_increase_load 55.08 
%Expected increase of load with respect to the 
baseline scenario 

uncertain_load 10.00 
Error associated to the expected increase of load 
%forecast 

perc_increase_gen 41.96 
%Expected increase of generation with respect to the 
baseline scenario 

uncertain_gen 10.00 
%Error associated to the expected increase of gen. 
forecast 

perc_nodes_gen 30.0 
% of nodes equipped with generator in the target 
scenario 

gen_types   
Types of generators connected to the grid in target 
scenario [default: PV; PV and storage] 

PV and storage 10.00 % 

  90.00 % 

load_types  
Types of loads connected to the grid in target 
scenario [default: residential; EV; fixed; storage] 

EV 30.00%  

residential 50.00%  
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storage 10.00%  

fix  10.00%  

min_contracted_power 3 
Minimum contracted power in the considered network 
in target scenario 

med_contracted_power 6 
Medium contracted power in the considered network 
in target scenario 

max_contracted_power 10 
Max contracted power in the considered network in 
target scenario 

perc_min 0.6 
% of loads equipped with meters that had the 
minimum contracted power in target scenario 

perc_med 0.35 
% of loads equipped with meters that had the medium 
contracted power in target scenario 

perc_max 0.05 
% of loads equipped with meters that had the max 
contracted power in target scenario 

Load flexibility curtailment 50 % 

The ñscalability in densityò simulations aim at replicating the use case ñUC-IT-2: Congestion 

Managementò when deployed in a representative feeder of the Areti network in 2030. For this purpose, 

the ñdesired power exchangeò OPF is selected in the Software architecture and applied to 100 scenarios 

created with the ñscenario generatorò tool. In the desired power exchange scenario, it is assumed that, 

for each timeslice, the power injection from the MV into the LV is curtailed by 10% with respect to the 

baseline scenario. The calculations that were performed in the SRA analysis aim at assessing if the 

congestions caused by the reduction of the power imported from the MV network can be solved by 

leveraging only on local sources of flexibility. 

The data obtained were then used to perform the calculations described in paragraph 2.2.5. The results 

of these simulations are reported in Figure 9 and Figure 10. 

The SRA analysis of the Italian demo performed in WP7 complemented in WP2 with the assessment of 

the ñtechnological Scalabilityò that assess how the performances of the Platone platforms and Platone 

Open Framework change when the number of customers served by the Platone architecture increases 

(Target scenario: 30% of total customers served by Areti participate to the flexibility market). The results 

of these analyses (reported in D2.16 [8]) proved that it is possible to ensure a high reusability and 

flexibility of the Platone Open Framework in a more realistic and extended context. 

3.1.2 Replicability intranational  

The characteristics of the replicability intranational scenario are: 

¶ The load profiles that are used as input for the ñas isò profiles are related to the Summer and 

Winter peak measured in an Areti primary substation in 2018. These values have been divided 

by the numbers of customers served in the entire primary substation and then multiplied by the 

number of customers served in the demo area to obtain the ñgrossò daily profile at the interface 

between MV and LV grids. The steps followed to compute the generation profiles and the net 

load profiles (measured at the MV/LV interface) are the same one as described in the previous 

step. These values have been labelled as sensitive information by the demo and therefore are 

reported in D7.4. 

¶ The grid model used for the simulation of the demo area is the LV Semiurban grid model 

developed by Joint Research Center (JRC) [11]. This network model represents the average 

characteristics of a semi urban distribution network in Europe. Areti does not operate semi 

urban network, but these simulations could provide some results to the DSOs that are 

interested in implementing the SRA UCs in semi urban networks. This model is composed by 

114 nodes (0.4 kV) and a slack node. The parameters that describe the characteristic of this 

network and the results of the calculation are expressed in per unit. For this particular network 

model the p.u. value is equal to 0.01 MVA 

¶ The input that describes the evolution of the grid in this scenario are summarized in Table 8. 

These data have been decided and validated during several iterations with the Italian demo to 

simulate a possible macro evolution of the distribution grid characteristics, however these 

values do not represent an official grid planning study of the distribution grid operated by Areti. 
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Table 8: Data describing the grid evolution of the Italian replicability network 

 
Variable 

 

 
Value 

 

 
Description 

 

n_nodes 115 Number of nodes below the substation 

Cos• 0.9 Power factor 

perc_increase_load 67.2 %Expected increase of load with respect to baseline scenario 

uncertain_load 10.0 %Error associated to the expected increase of load forecast 

perc_increase_gen 41.9 
%Expected increase of generation with respect to baseline 
scenario 

uncertain_gen 10.0 %Error associated to the expected increase of gen. forecast 

perc_nodes_gen 50.0 % of nodes equipped with generator in the target scenario 

gen_types   
Types of generators connected to the grid in target scenario 
[default: PV; PV and storage] 

PV 10.0  % 

PV and storage 90.0  % 

load_types labels Types of loads connected to the grid in target scenario  

EV 15.0  % 

residential 65.0  % 

storage 10.0  % 

fix  10.0  % 

min_contracted_power 3 Minimum contracted power in the considered network  

med_contracted_power 6 Medium contracted power in the considered network  

max_contracted_power 10 Max contracted power in the considered network  

perc_min 0.5 
% of loads equipped with meters that had the min. contracted 
power  

perc_med 0.4 
% of loads equipped with meters that had the med contracted 
power  

perc_max 0.1 
% of loads equipped with meters that had the max contracted 
power  

Load flexibility 
curtailment 50 % 

The ñreplicability intranationalò simulations aim at replicating the use case ñUC-IT-2: Congestion 

Managementò when deployed in a semi urban network in 2030. For this purpose, the ñdesired power 

exchangeò OPF is selected in the Software architecture and applied to 100 scenarios created with the 

ñscenario generatorò tool. In the desired power exchange scenario, it is assumed that, for each timeslice, 

the power injection from the main grid (MV) to the LV grid investigated in these simulations is curtailed 

by 10% with respect to the baseline scenario. The results of this simulation are reported in Figure 11 

and Figure 12.  

3.1.3 Replicability international: Summer and winter scenario 

The replicability international simulations aim at investigating the behaviour of the networks described 

in the previous subchapter when the zero power exchange use case in selected in the OPF algorithm. 

Currently this SRA ï UC cannot be implemented in the Areti distribution networks since its application 

is not allowed by the Italian regulatory system. For this reason, these simulations are classified as 

ñinternational replicabilityò. The goal of this set of simulations is to investigate the performances of the 

networks in the most challenging operational conditions for the grid represented by the daily profile 

measured during the Summer and Winter peak days. 

In the simulations it was assumed that the entire import from the MV grid is set equal to 0 in each of the 

considered timeslice. The calculations were performed to estimate how different types of grids 

(urban/semiurban) were able to operate in virtual islanding mode. The input data to calculate the 

different load and generation profiles are the ones reported in D7.4. 
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The use case was also applied to the semiurban network, that is characterized by a higher number of 

nodes and a higher dispersion of distributed generations and loads. The input data to calculate the 

different load and generation profiles are the ones reported in Table 8, while the network model used in 

these simulations is the JRC LV semiurban network. However, in this scenario, the OPF tool could not 

reach the convergence even in scenarios in which high level of loads flexibility were simulated (loads 

could be curtailed up to 90% w.r.t their baseline consumption). In fact, the voltage convergence criteria 

could not be satisfied and the distributed resources were not able to provide enough reactive power to 

compensate the voltage losses caused by the increased amount of power flows in the network. 

This use case was applied to the urban network with Summer and Winter profiles and the results are 

reported from Figure 13 to Figure 16. 

3.1.4 Public results 

In the network models considered for the SRA of the Italian demo, 1 p.u. is equal to 0.01 MVA. 

In these calculations it was assumed that each generator could offer up to 1kW and 1KVA of flexibility, 

while each load absorbed be cut up to 50% with respect to its baseline profile. 

In all the results reported in this paragraph, it can be noticed that the slack nodes (node 13 for urban 
networks and node 115 for the semiurban networks) is characterized by a negative value of ὖ   ὗ  

that is significantly higher with respect to the other values measured in the grid. In fact, this value 

represents the amount of energy that, in the baseline scenarios, was imported from the MV grid. These 

curtailments have been compensated by the flexibility provided by the local generators and flexible 

loads. 

The results reported in the present paragraph illustrate the amount of flexibility needed to solve the local 

congestions. This parameter is calculated as the difference of the observed parameter in the baseline 

scenario (warmstart) and the same value calculated by the OPF tool. This computation was performed 

for all the 100 scenarios generated by the ñscenario generatorò tool. The graphs report, for each timeslice 

characterized by a congestion the mean, the minimum and the maximum values of the observed 
parameter: ὖ  and ὗ  represent the active and reactive power of the generators connected to the 

grid while  ὖ   and ὗ  represent the active and reactive power of the loads connected to the grid. 

Figure 9 and Figure 10 summarize the results of the simulations related to the ñscalability in densityò 

SRA-UC. In these simulations the ñdesired power exchangeò SRA-UC is used to calculate the amount 

of flexibility needed to solve the congestion (in terms of active and reactive power of each generator and 

each load connected to the grid). To simulate a congestion, the power injected from the MV grid into the 

slack node was curtailed by 10% with respect to the baseline scenario. The amount of flexibility needed 

is calculated as the difference of the observed parameter in the baseline scenario (warmstart) and the 

same value calculated by the OPF tool. This computation was performed for all the 100 scenarios 

generated by the ñscenario generatorò tool. The graphs reports, for each timeslice characterized by a 
congestion the mean, the minimum and the maximum values of the observed parameter: ὖ   ὗ    

(reported in Figure 9) represent the active and reactive power of the generators connected to the grid 

while  ὖ   ὗ  (reported in Figure 10) represent the active and reactive power of the loads connected 

to the grid. 

Figure 11 and Figure 12 summarize the results of the simulations related to the ñreplicability intra 

nationalò SRA-UC. In these simulations the same approach described for the ñscalability in densityò was 

used but it was applied to the network model selected for the replicability analysis: the JRC semiurban 

LV network (115 nodes). Figure 13 to Figure 16 summarize the results of these simulations of the ñSRA 

internationalò simulations. For these analyses, the ñzero power exchangeò SRA-UC was used in order 

to evaluate the possibility to implement the ñvirtual islandingò operation also in the Italian context. In fact, 

the current Italian regulatory framework does not allow the DSO to set the power exchange between 

MV and LV network equal to 0 and this use case is not included in the tests performed in the Italian 

demo. This set of simulations represent a pure theoretical exercise aimed at estimating how much 

flexibility will be needed to implement the "zero power exchange" in the representative networks related 

to the Italian demo if a different regulatory scheme that allow the "zero power exchange" would be 

implemented. When the ñzero power exchangeò SRA-UC was applied to the replicability network 

models, the OPF simulations failed to find a solution.  
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SCALABILITY IN DENSITY - DEMO NETWORK - DESIRED POWER EXCHANGE  

 

-   

 

 

Figure 9: Flexibility (in terms of Active and Reactive power) of the generators in the scenario scalability in density, demo network, desired power 
exchange 
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Figure 10: Flexibility (in terms of Active and Reactive power) of the loads in the scenario scalability in density, demo network, desired power 
exchange 
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REPLICABILITY INTRANATIONAL - DESIRED POWER EXCHANGE ï SEMIURBAN NETWORK - SUMMER  
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Figure 11: Flexibility (in terms of Active and Reactive power) of the generators in the scenario replicability intranational, semiurban network, 
desired power exchange 
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Figure 12: Flexibility (in terms of Active and Reactive power) of the loads in the scenario replicability intranational, semiurban network, desired 
power exchange 
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REPLICABILITY INTERNATIONAL - ZERO POWER EXCHANGE ï DEMO NETWORK - SUMMER  

 

 

Figure 13: Flexibility (in terms of Active and Reactive power) of the generators in the scenario replicability international, demo network, summer 
profile, zero power exchange 

 

 

Figure 14: Flexibility (in terms of Active and Reactive power) of the loads in the scenario replicability international, demo network, summer profile, 
zero power exchange 
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REPLICABILITY INTERNATIONAL - ZERO POWER EXCHANGE ï DEMO NETWORK - WINTER  

 

 

  

Figure 15: Flexibility (Active and Reactive power) of the loads in the scenario scalability replicability international - demo network, summer profile, 
zero power exchange 
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Figure 16: Flexibility (Active and Reactive power) of the loads in the scenario scalability replicability international, demo network, winter profile, 
zero power exchange 
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3.1.5 Lessons learnt 

The graphs included in the previous subchapter report, for each node of the network the mean, the 

minimum and the maximum values of the observed parameters in all the time slices that represent the 

daily load and generation curves in a peak day. 

The SRA analysis aim at simulating the KPI PR03 Flexibility Availability when deployed in different 

conditions. 

¶ The KPI measures the potential flexibility provided by flexible PODs connected to the grid: 

ὊὰὩὼὭὦὭὰὭὸώὃͅὺὥὭὰὥὦὭὰὭὸώὟͅὴ  
ρ

Ὕ

В ὃὺὥὭὰὥὦὰὩὊͅὰὩὼὭὦὭὰὭὸῴὟὴȟ

В ὄὥίὩὰὭὲὩȟ 
 Ͻρππ 

ὊὰὩὼὭὦὭὰὭὸώὃͅὺὥὭὰὥὦὭὰὭὸώὈͅέύὲ 
ρ

Ὕ

В ὃὺὥὭὰὥὦὰὩὊͅὰὩὼὭὦὭὰὭὸώὈͅέύὲȟ

В ὄὥίὩὰὭὲὩȟ 
 Ͻρππ 

The SRA analysis is targeting a future scenario of grid development that consider different evolutions of 

load and generations curves but does not simulate the impact of different tariffs schemes. This KPI will 

be therefore calculated by comparing the amount of energy from RES that must be curtailed to avoid 

the congestions that have been identified in the load flow calculations. This result can be then used to 

estimate the amount of flexibility that shall be procured in the future to rely on the provision of flexibility 

services to resolve the expected congestions without no further changes on the current grid topology.  

This KPI is therefore calculated by comparing the amount of flexible generation that must be curtailed 

in order to avoid the congestions that have been identified in the load flow calculations, using the 

following formula: 

ὊὒὉᾢὋὉὔ
άὥὼάὩὨὭὥὲέͅᾪὫὩὲ ͽὸὥὶὫὩὸ

ὫὩὲ ͽὸὥὶὫὩὸ
ρzππ 

 

Where: 

¶ άὥὼάὩὨὭὥὲέͅᾪὫὩὲ ͽὸὥὶὫὩὸ  represents the maximum value of 

άὩὨὭὥὲέͅᾪὫὩὲ ͽὸὥὶὫὩὸ ȟ which are the median values of Pgen, and Qgen of the flexibility 

services provided by the distributed generators calculated for the summer peak of the target 

year (reported in D7.4 [7])  

¶ ὫὩὲ ͽὸὥὶὫὩὸ  represents the maximum value of the generation curve in the target year 

 

The SRA KPI ὊὒὉᾢὒὕὃὈ load curtailment is calculated using the following formula:  

ὊὒὉᾢὒὕὃὈ
άὥὼάὩὨὭὥὲέͅᾪὰέὥὨͽὸὥὶὫὩὸ

ὰέὥὨͽὸὥὶὫὩὸ
ρzππ 

Where: 

¶ άὥὼάὩὨὭὥὲέͅᾪὰέὥὨͽὸὥὶὫὩὸ  represents the maximum value of 

άὩὨὭὥὲέͅᾪὰέὥὨͽὸὥὶὫὩὸ , which are the median values of Pload, and Qload of the flexibility 

services provided by the flexible loads calculated for the summer peak of the target year 

(reported in D7.4 [7])  

¶ ὰέὥὨͽὸὥὶὫὩὸ  represents the maximum value of the load curve in the target year. 

 

The flexibility values considered in the formulas reported above and in the results reported in this sub 

chapter are the median flexibility values of the observed parameter calculated for a specific node in all 

the 2200 observed congested time slice. Therefore, this KPI is calculated by dividing the maximum 
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values among the median values of active and reactive flexibility of generators calculated in the 

scalability in density analysis by the peak value of generator and load curves. 

As illustrated in Figure 9 and Figure 10, to resolve the local congestions caused by the application of 

the desired power exchange, each generator connected to the grid shall increase their production up to 

0.015 MW and up to 0.008 MVAR. These values correspond to a value of SRA KPI ὊὒὉᾢὋὉὔ equal to 

52.46% (when referred to active power) equal to 22.20% if calculated w.r.t the reactive power. Each 

load shall provide a maximum value of flexibility equal to 0.00860 MW and 0.00569 MVAR. These values 

correspond to a value of SRA KPI ὊὒὉᾢὒὕὃὈ equal to 5.40% (when referred to active power) and 

equal to 2.83% when referred to reactive power. 

It is important to notice that, based on the results published in D2.16 related to the technical SRA of the 

Platone platform in the Italian demo, the Platone platform can guarantee the correct execution of the 

whole process in an expected penetration of flexibility sources equal to 30% of the total customers 

served by the Italian demonstrator geographical area.  It could be therefore interesting, in the framework 

of the prosecution of Platone, to evaluate the performance of the Platone platform considering the results 

of the SRA simulations, with a penetration of flexibility sources equal to 50-60% of the total customers, 

value that represents the amount of flexibility needed in the "SRA in density" simulations. 

This latter value is calculated by multiplying the peak value of the generator curve in the target year 

(reported in D7.4) by the expected growth of generation in the demo scenario, reported in Table 7. 

Figure 11 and Figure 12 report the results of the ñreplicability intra nationalò SRA use case. In these 

simulations, the amount of curtailed injection of active power is the same as the ñscalability in densityò 

simulations, 0.16 MW and 0.16 MVAR. To solve these congestions, the generators shall provide a 

maximum flexibility equal to 0.0149 MW and 0.0149 MVAR, while the loads shall provide a maximum 

flexibility of 0.00262 MW and 0.00137 MVAR 

The results illustrated in Figure 9, Figure 10, Figure 11, Figure 12 prove that the application of the use 

case ñdesired power exchangeò (with a curtailment factor equal to 10% of the gross demand) can be 

successfully implemented during summer peaks days in the urban distribution grids even in future 

scenarios characterized by a significant penetration of distributed generations. In fact, the results 

reported in the previous section and the relevant simulations proved that, in the 2200 scenarios that 

have been observed in each simulation, the local congestions could be resolved leveraging on the 

contributions of local sources of flexibility. These results report the minimum, maximum and median 

values of the active and reactive power that must be provided by local sources of flexibility to safely 

resolve the congestions. These use cases can be safely integrated in both rural and urban networks: in 

both cases the flexibility services that can be provided by local sources of flexibility is sufficient to 

compensate the curtailed withdrawal from the MV grid. However, when a rural network is analysed, it is 

important to notice that the request of reactive power in the slack node is significantly high, therefore 

the distributed resource shall provide high values of flexibility to compensate the lack of reactive power 

and many resources are providing an amount of flexibility that is closer to technical boundaries (0.015 

MVAR). These values are comparable with the request of flexibility of active power and are higher than 

the flexibility request of reactive power that was observed in the urban networks. To help the network to 

resolve these congestions, the common sources of local flexibility shall be supported by specific 

solutions aimed at compensating specifically the local request of reactive power.  

Similarly the results reported in Figure 13, Figure 14, Figure 15, Figure 16 prove that  the ñzero power 

exchangeò SRA use case can also be safely implemented in the future urban distribution grids 

characterized by high penetration of flexible sources, both in Winter and Summer peak days. 

In particular, Figure 13 and Figure 14 report the results of the application of the SRA-UC ñzero power 

exchangeò to the demo network with summer profiles. In these simulations, the maximum amount of 

flexibility needed to resolve the expected congestions is equal to  

¶ 0.0149 MW and 0.0127 MVAR for the distributed generators 

¶ 0.0077MW and 0.0045 MVAR for the flexible loads. 
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Figure 15 and Figure 16 show the results of the ñzero power exchangeò to the demo network with winter 

profile. In these simulations, the maximum amount of flexibility needed to resolve the expected 

congestions is equal to: 

¶ 0.0149 MW and 0.0119 MVAR for the distributed generators 

¶ 0.0066 MW and 0.0033 MVAR for the flexible loads. 

When the ñzero power exchangeò SRA-UC is applied to the urban networks, the available sources of 

flexibility are adequate to solve the expected congestions both in Winter and Summer scenarios, 

however many distributed generators are operating close to their technical boundaries, since they are 

providing the maximum values of active and reactive flexibility. 

However, when the two use cases are deployed in rural networks (characterized by longer length of 

distribution lines and by a significant number of loads and distributed generators) the system needs to 

exploit a huge amount of reactive power to solve the congestions that arise in the network and, in case 

of ñzero power exchangeò, the OPF cannot find a solution to resolve local congestions leveraging only 

on local sources of flexibility. This result is in line with the results related to replicability intranational. In 

this scenario the import from the MV grid was curtailed by 10% with respect to the baseline scenario 

(instead of 100%) however the local sources of flexibility had to provide a large amount of reactive power 

to resolve the local congestions and many resources were operating close to the technical limits included 

in the model. As a conclusion from these simulations, it might be suggested that, when applying the 

ñzero power exchangeò and ñdesired power exchangeò use cases in semirural network characterized by 

a significant penetration of dispersed generation and loads and longer lines, there is a significant need 

to compensate the local voltage drops in order to be able to operate the network in a secure and stable 

way. In these situations, the provision of flexibility services by distributed grids could be also 

complemented with the installation of distributed devices that help the system compensate the increased 

need of reactive power (e.g., inverters, distribution static compensators (D-STATCOMs) [18] etc.) that 

are traditionally installed in HV networks. 
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 Greek demo 

The scenarios selected for the SRA analysis of the Greek demo are characterized by the following: 

¶ Scalability in density: Summer scenario; 

¶ Replicability intranational: Summer Scenario; 

¶ Replicability international: Summer scenario. 

It is assumed that each RES generator, to compensate the lack of centralized generation caused by the 

curtailment, can inject in the network up to 1 MW and 1 MVA of active and reactive power, while the 

loads can curtail their active and reactive demand by a fixed percentage of curtailment (reported in the 

input data list). 

3.2.1 Scalability in density:  Summer scenario 

The characteristics of the scalability in density - summer scenarios are: 

¶ The load profiles that are used as input for the ñas isò profiles are related to the summer peak 

measured in an HEDNO primary substation in 2018. These values have been divided by the 

numbers of customers served in the entire primary substation and then multiplied by the number 

of customers served in the demo area. The generation curves have been calculated by 

multiplying the values of PV generation (measured at the same day in which the summer peak 

occurred) available in the literature [17] (calculated in p.u.) by the average size and by the total 

number of PV panels installed at the same latitude of Athens. The generation curves are 

referred to the Athens latitude. The gross load curves (summer) are calculated by adding to the 

generation curves to the net load curves calculated at the secondary substations. These values 

have been labelled as sensitive information by the demo and therefore are reported in D7.4 [7]. 

¶ The grid model used for the simulation of the demo area is a network model that represents a 

MV feeder included in the CIM network model developed in the framework of WP6 [19]. This 

model is composed by 63 nodes (20 kV) and a slack node. According to the analysis reported 

in D7.2 [2], this network was classified as ñsemi urbanò. The parameters that describe the 

characteristic of this network and the results of the calculation are expressed in p. u. For this 

network model, the p.u. value is equal to 5 MVA. 

¶ The input that describes the evolution of the grid in this scenario are summarized in Table 9.  

These data have been selected and validated during several iterations with the Greek demo, 

partly based on the NPEC [20], in order to simulate a possible macro evolution of the distribution 

grid characteristics. The values that concern grid expansion do not represent an official grid 

planning study of the distribution grid operated by HEDNO. 

 

Table 9: Data describing the grid evolution of the Greek demo network 

 
Variable 

 

 
Value 

 

 
Description 

 

n_nodes 64 Number of nodes below the substation 

Cos• 0.9 Power factor 

perc_increase_load 30 Expected increase of load with respect to baseline scenario 

uncertain_load 10 %Error associated to the expected increase of load forecast 

perc_increase_gen 100 %Expected increase of generation with respect to baseline scenario 

uncertain_gen 10.0 %Error associated to the expected increase of gen. forecast 

perc_nodes_gen 25.0 % of nodes equipped with generator in the target scenario 

gen_percs [%] Percentage of each type of generator  

PV 10.0  % 

pvs 90.0  % 

load_types  Types of loads connected to the grid in target scenario  
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EV  10.00 % 

residential  or industrial  50.00 % 

storage  10.00 % 

fix  30.00 % 

min_contracted_power 50 
Minimum contracted power in the considered network in target 
scenario 

med_contracted_power 400 Medium contracted power in target scenario 

max_contracted_power 500 Max contracted power in target scenario 

perc_min 50 % of loads equipped with meters that had the min contracted power  

perc_med 30 % of loads equipped with meters that had the med.contracted power  

perc_max 20 % of loads equipped with meters that had the max contracted power  

The ñscalability in densityò simulations aim at replicating the KPIs ñKPI_GR_07 - Generation curtailmentò 

and ñKPI_GR_08 - Demand curtailmentò when deployed in a representative feeder of the HEDNO 

network in 2030. For this purpose, the ñdesired power exchangeò SRA use case is selected in the 

Software architecture and applied to 100 scenarios created with the ñscenario generatorò tool. In the 

desired power exchange SRA use case, it is assumed that, for each timeslice, the power injection from 

the HV into the MV is curtailed by 10% with respect to the baseline scenario. 

3.2.2 Replicability intra national:  Summer scenario 

The characteristics of the replicability intranational summer scenarios are: 

¶ The load profiles that are used as input for the ñas isò profiles are related to the summer peak 

measured in an HEDNO primary substation in 2018. These values have been divided by the 

numbers of customers served in the entire primary substation and then multiplied by the number 

of customers served in the demo area to obtain the ñgrossò daily profile at the interface between 

HV and MV grids. The steps followed to compute the generation profiles and the net load profiles 

(measured at the HV/MV interface) are the same one as described in the previous step. These 

values have been labelled as sensitive information by the demo and therefore are reported in 

D7.4. 

¶ The grid model used for the simulation of the demo area is the JRC MV RURAL grid model 

developed by Joint Research Centre (JRC) [21]. This network model represents the average 

characteristics of an urban MV distribution network in Europe. This model is composed by 116 

nodes (20 kV) and a slack node. The parameters that describe the characteristic of this network 

and the results of the calculation are expressed in per unit. For this network model the p.u. value 

is equal to 1MVA. 

The input that describes the evolution of the grid in this scenario are summarized in Table 10. These 

data have been decided and validated during several iterations with the Greek demo to simulate a 

possible macro evolution of the distribution grid characteristics, however these values do not represent 

an official grid planning study of the distribution grid operated by HEDNO. 

 

Table 10: Data describing the grid evolution of the Greek replicability network 

 
Variable 
 

Value Description 

 n_nodes  117  Number of nodes below the substation  

 Cos• 0.90  Power factor 

 perc_increase_load  30  Expected increase of load with respect to baseline scenario  

 uncertain_load  10.0  Error associated to the expected increase of load forecast  

 perc_increase_gen  120 
 Expected increase of generation with respect to baseline 
scenario  
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 uncertain_gen  10.00  Error associated to the expected increase of gen. forecast  

 perc_nodes_gen  40.0  % of nodes equipped with generator in the target scenario  

 gen_percs  [%]  Percentage of each type of generator 

 PV  10.00  % 

 pvs  90.00  % 

 load_percs  [%]  Percentage of each type of load (sum must be equal to 100%]  

 EV   5.00 % 

 residential  50.0 % 

 storage  5.00 %  

 fix  40.0  % 

min_contracted_power  50 
 Minimum contracted power in the considered network in target 
scenario  

med_contracted_power  400 
 Medium contracted power in the considered network in target 
scenario  

max_contracted_power  500 
 Max contracted power in the considered network in target 
scenario  

perc_min  30 
 % of loads equipped with meters that had the min. contracted 
power  

perc_med  35 
 % of loads equipped with meters that had the med contracted 
power  

perc_max  35 
 % of loads equipped with meters that had the max contracted 
power  

The ñreplicability intra nationalò simulations aim at replicating the KPIs ñKPI_GR_07 - Generation 

curtailmentò and ñKPI_GR_08 - Demand curtailmentò when deployed in a representative typical feeder 

of a rural MV grid in 2030. For this purpose, the ñdesired power exchangeò OPF is selected in the 

Software architecture and applied to 100 scenarios created with the ñscenario generatorò tool.  

In the desired power exchange scenario, it is assumed that, for each timeslice, the power injection from 

the HV into the MV is curtailed by 10% with respect to the baseline scenario. 

3.2.3 Replicability international: Summer scenario 

The replicability international simulations aim at investigating the behaviour of the networks described 

in the previous subchapter when the ñzero power exchangeò use case is selected in the OPF algorithm. 

The latter use case represents the most challenging operational condition for the grid because the local 

generators and batteries shall compensate the entire demand of the loads connected to the grid. To 

facilitate the OPF convergence in the scenario ñReplicability international, zero power exchange, demo 

networkò, (whose results are reported in Figure 21) it is assumed that the local loads could be curtailed 

up to 90% of the load calculated in the baseline scenario. 

In the simulations it was assumed that the entire import from the HV grid is set equal to 0 in each of the 

considered timeslice. The calculations were performed to estimate how different types of grids 

(rural/semiurban) were able to operate in virtual islanding mode. 

In the simulations it was assumed that the entire import from the HV grid is set equal to 0 in each of the 

considered timeslice. The calculations were performed to estimate how different types of grids 

(rural/semiurban) were able to operate in virtual islanding mode. The input data to calculate the different 

load and generation profiles are the ones reported in Table 9 and Table 10.  

 

3.2.4 Public results 

In the network models considered for the Scalability and Replicability Analyses of the Greek demo, 1 

p.u. is equal to 1 MVA. 
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In these calculations it was assumed that each generator could offer up to 1MW and 1MVA of flexibility, 

while each load absorbed be cut up to 50% (90% for the ñscalability in densityò case) with respect to its 

baseline profile. 

The results reported in the present paragraph illustrate the amount of flexibility needed is calculated as 

the difference of the observed parameter in the baseline scenario (the load and generation profiles in 

the target year that had caused the congestions) and the same value calculated by the OPF tool.  

Figure 17 summarizes the results of the simulations related to the ñscalability in densityò use case. In 

these simulations the ñdesired power exchangeò use case is used to calculate the amount of flexibility 

needed to solve the congestion (in terms of active and reactive power of each generator and each load 

connected to the grid). To simulate a congestion, the power injected from the HV grid was curtailed by 

10% with respect to the baseline scenario.  

Figure 18 and Figure 19 summarize the results of the simulations related to the ñreplicability intra 

nationalò simulations. In these simulations the same approach described for the ñscalability in densityò 

was used but it was applied to the network model selected for the replicability analysis: the JRC 

semiurban LV network (115 nodes)  

Figure 20, Figure 21, Figure 22 and Figure 23 summarize the results of the ñreplicability internationalò 

simulations. For these analyses, the ñzero power exchangeò use case was used in order to evaluate the 

possibility to implement the ñzero power exchangeò operation also in the Greek context. The current 

regulatory framework does not allow the DSO to set the power exchange between HV and MV network 

equal to 0 and this use case is not included in the tests performed in the Italian demo, for these reasons 

this set of simulations, that simulate the performance of the networks when deployed in a different 

regulatory system, are classified as ñinternational replicabilityò. The use case is applied to the set of data 

used to simulate the ñreplicability intra nationalò and to simulate the ñscalability in densityò use case.    
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SCALABILITY IN DENSITY - DESIRED POWER EXCHANGE DEMO NETWORK (Scalability in density)  
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Figure 17: Flexibility (Active and Reactive power) of the generators and loads in the scenario scalability in density, demo network, desired power 
exchange 
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REPLICABILITY INTRA NATIONAL - DESIRED POWER EXCHANGE- RURAL NETWORK 
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Figure 18: Flexibility (Active and Reactive power) of the generators in the scenario scalability replicability intra national, rural network, desired 
power exchange 

 

 

 

 

 



Deliverable D7.6  

 

Platone ï GA No 864300 Page 48 (110) 

 

 

  

 

 

 

 

Figure 19: Flexibility (Active and Reactive power) of the loads in the scenario scalability replicability intra national, rural network, desired power 
exchange 
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REPLICABILITY INTERNATIONAL - ZERO POWER EXCHANGE  - DEMO NETWORK  
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Figure 20: Flexibility (Active and Reactive power) of the generators in the scenario scalability replicability international, demo network, zero power 
exchange  
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Figure 21: Flexibility (Active and Reactive power) of the loads in the scenario scalability replicability international, rural network, zero power 
exchange 
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REPLICABILITY INTERNATIONAL - ZERO POWER EXCHANGEï RURAL NETWORK  

 

 

 

 

 

Figure 22: Flexibility (Active and Reactive power) of the generators in the scenario scalability replicability international, rural network, zero power 
exchange  
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Figure 23: Flexibility (Active and Reactive power) of the loads in the scenario scalability replicability international, rural network, zero power 
exchange  
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3.2.5 Lessons learnt  

The results illustrated in paragraph 3.2.4  prove that the application of the use case ñdesired power 

exchangeò (with a curtailment factor equal to 10% of the gross demand) and ñzero power exchangeò 

can be successfully implemented during summer peaks days in the urban distribution grids even in 

future scenarios characterized by a significant penetration of distributed generations. These use case 

can be safely integrated in both rural and urban networks: in both cases the flexibility services that can 

be provided by local sources of flexibility is sufficient to compensate the curtailed withdrawal from the 

HV grid. 

The desired power exchange SRA UC aims at replicating the following demo KPIs: KPI GR 07 - 

Generation curtailment and KPI GR 08 - Demand curtailment. 

KPI GR 07 is defined as ñKPI GR 07, ῳὅ , compares the amount of energy from Renewable Energy 

Sources (RES) that is not injected to the grid (even though it is available) due to operational limits of the 

grid, between the Variable Network Tariff scenario and the Business as Usual (BaU) scenario. The 

formula used to calculate this KPI is as follows: 

ὑὖὍͅὋὙͅπχ
В В Ὁ

ȟᶰᶰ В В Ὁ
ȟ
Ǫ

ᶰᶰ

В В Ὁ
ȟᶰᶰ

ρππ 

where Ὁ
ȟ

 is the energy curtailment of the i-th RES facility at period ὸ in the BaU ï Flat Network Tariff 

scenario (kWh), Ὁ
ȟ
Ǫ  is the energy curtailment of the i-th RES facility at period ὸ in the Variable Network 

Tariff scenario (kWh), Ὅ is the set of RES facilities under consideration, and Ὕ is the set of time intervals 

of the period under consideration (excluding periods of scheduled maintenance and outages), see D3.9 

[9]. 

The SRA analysis is targeting a future scenario of grid development that consider different evolutions of 

load and generations curves but does not simulate the impact of different tariffs schemes. This KPI is 

therefore calculated by comparing compares the amount of energy from Renewable Energy Sources 

that must be curtailed to avoid the congestions that have been identified in the load flow calculations. 

This result can be then used to estimate the amount of flexibility that shall be procured in the future to 

rely on the provision of flexibility services to resolve the expected congestions without no further changes 

on the current grid topology. Therefore, this KPI, in the SRA analysis il calculated by dividing the median 

values of active and reactive flexibility of generators in the ñscalability in densityò scenario by the peak 

value of generator curves. This latter value is calculated by multiplying the peak value of the generator 

curve in the target year (reported in D7.4 [7]) by the expected growth of generation in the demo scenario, 

reported in Table 9. 

KPI GR 08 ï Demand curtailment, compares the amount of energy consumption that needs to be 

curtailed due to operational limits of the grid, between the Variable Network Tariff and the Business-as-

Usual scenario. The formula used to calculate the KPI is as follows: 

ὑὖὍͅὋὙͅπψ
В В Ὁ

ȟᶰᶰ В В Ὁ
ȟ

Ǫ
ᶰᶰ

В В Ὁ
ȟᶰᶰ

ρππ 

where Ὁ
ȟ

 is the demand curtailment of the i-th flexible customer facility at period ὸ in the BaU ï Flat 

Network Tariff scenario (kWh), Ὁ
ȟ

Ǫ  is the demand curtailment of the i-th flexible customer facility at 

period ὸ in the Variable Network Tariff scenario (kWh), Ὅ is the set of flexible customers under 

consideration, and Ὕ is the set of time intervals of the period under consideration. 

The SRA analysis is targeting a future scenario of grid development that consider different evolutions of 

load and generations curves but does not simulate the impact of different tariffs schemes. Therefore, in 

order to calculate the amount of curtailed generations and loads in a future scenario, the KPIs proposed 

by the Greek demo have been adapted as follows: 

ὊὒὉᾢὋὉὔ
άὥὼάὩὨὭὥὲέͅᾪὫὩὲ ͽὸὥὶὫὩὸ

ὫὩὲ ͽὸὥὶὫὩὸ
ρzππ 
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While the SRA KPI ὊὒὉᾢὒὕὃὈ is calculated using the following formula  

ὊὒὉᾢὒὕὃὈ
άὥὼάὩὨὭὥὲέͅᾪὰέὥὨͽὸὥὶὫὩὸ

ὰέὥὨͽὥὶὫὩὸ
ρzππ 

 

The flexibility values considered in the formulas reported above and in the results reported in this sub 

chapter are the median flexibility values of the observed parameter calculated for a specific node in all 

the 2200 observed time slice. 

As illustrated in Figure 17, in order to resolve the local congestions caused by the application of the 

desired power exchange, each generator connected to the grid shall increase their production up to  

0.326 MW and up to 0.2379 MVAR. These values correspond to a value of KPI ὊὒὉᾢὋὉὔ equal to  

9.26% (when referred to active power)  and equal to 7.35% if calculated w.r.t the reactive power. Each 

load shall provide a maximum value of flexibility equal to 0.0296 MW and 0. 0.0132 MVAR. These values 

correspond to a value of KPI ὊὒὉᾢὒὕὃὈ equal to 0.76% (when referred to active power) and equal to 

0.27% when referred to reactive power. 

This latter value is calculated by multiplying the peak value of the generator curve in the target year 

(reported in D7.4) by the expected growth of generation in the demo scenario, reported in Table 9. 

The data need to calculate these parameters are sensitive and therefore they are reported in D7.4 [7]. 

Figure 18 and Figure 19 report the results of the application of the SRA use case ñdesired power 

exchangeò to the replicability network (rural) with summer profiles. In these simulations, the maximum 

amount of flexibility needed to resolve the expected congestions is equal to  

¶ 0.01364 MW and 0.002546 kVAR for the distributed generators 

¶ 0.0577 MW and 0.0301 MVAR for the flexible loads. 

These results prove that the desired power exchange SRA UC can be safely implemented in the Greek 

MV network (both demo network and replicability network). The amount of flexibility provided by the 

local sources of flexibility is compatible with the flexibility ranges that can be provided by the distributed 

resources. 

Figure 20 and Figure 21 report the results of the application of the SRA-UC ñzero power exchangeò to 

the demo network with summer profiles. In these simulations, the maximum amount of flexibility needed 

to resolve the expected congestions is equal to  

¶ 0.321 MW and 0.0346 MVAR for the distributed generators 

¶ 0.0298 MW and 0.0125 MVAR for the distributed loads 

Finally, Figure 22 and Figure 23 report the results of the application of the SRA use case ñzero power 

exchangeò to the replicability network (rural network) with summer profiles. 

In these simulations, the maximum amount of flexibility needed to resolve the expected congestions is 

equal to:  

¶ 0.911 MW and 0.937 MVAR for the distributed generators 

¶ 0.087 MW and 0.0345 MVAR for the distributed loads 

The results related to the ñzero power exchangeò SRA UC prove that this SRA UC can be safely 

deployed in the future Greek network since the amount of local flexibility is adequate to compensate the 

congestions that are caused by its application. However, when a rural network is considered, the amount 

of active and reactive flexibility that the distributed generators must provide to balance the network 

increases significantly and it approaches to the maximum amount of flexibility that could be provided by 

local resources (that in the Greek scenarios is equal to 1MW and 1MVA). This result is like the results 

obtained for the replicability intranational analysis performed for the Italian demo. Therefore, it could be 

concluded that, when there is the need to curtail significant amount of power in rural network, to avoid 

grid congestions, the local sources of flexibility typically connected to the distribution grids might be 

complemented with the support of specific devices aiming at compensating specifically the lack of 

reactive power. 
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 German demo  

The scenarios selected for the SRA analysis of the German demo are characterized by the following: 

¶ Scalability in density:  Summer scenario; 

¶ Replicability intranational: Summer Scenario; 

The scalability in density of the German demo aims at modelling the implementation of the UC1 (virtual 

islanding) and UC2 (Flexibility provision) when deployed in a network model that represents the future 

evolution of the German demo network (a rural LV distribution network). The network model used for 

the scalability in density was provided by Avacon and represents the demo area. The network model is 

composed of 189 nodes but only 76 of these nodes are connected to a load or a generator. In the SRA 

analysis the expected increase of loads and generators will be spread over 76 nodes. In the German 

demo model, 1 p.u. is equal to 100 MVA. 

The Replicability intranational aims studying the implementation of these two demo use cases when 

deployed in an urban network model. The load and generation curves used in these studies are the 

same curves used in the scalability in density analysis. The network model used in the German 

replicability analysis is the JRC LV urban network, characterized by 12 LV nodes and 1 slack node. In 

the replicability network model 1 p.u. is equal to 0.01 MVA 

It is assumed that each generator, to compensate the lack of generation caused by the curtailment, can 

inject in the network up to 1 MW and 1 MVAR of active and reactive power, while the loads can curtail 

their active and reactive demand by a fixed percentage of curtailment (reported in the input data list). 

The load and generation profiles considered in the German demo analysis are referred to the summer 

peak. This scenario differs from the Greek and Italian scenarios because, due to the high presence of 

distributed generators, in several timeslice, the LV network is exporting power to the MV grid instead of 

importing power. Therefore, when the desired power exchange SRA UC is applied, the optimization 

criteria included in the software architecture will curtail: 

¶ the power imported from the MV grid, in the time slices in which the local generation is lower 

than the local demand 

¶ the power exported to the MV grids in the time slices in which the local generation exceed the 

local demand 

When the zero-power exchange SRA UC is simulated, the optimization criteria included in the software 

will compensate the excess of local generation leveraging on local sources of flexibility. 

3.3.1 Scalability in density:  Summer scenario 

The characteristics of the scalability in density - summer scenarios are: 

¶ The load profiles that are used as input for the ñas isò profiles are related to the summer peak 

measured in an Avacon secondary substation in 2018. The aggregation of these values in the 

24 timeslice observed in the present study represent the ñnet load curveò. These values have 

been divided by the numbers of customers served in the entire primary substation and then 

multiplied by the number of customers served in the demo area.  Avacon had also provided 

information about the total energy consumption measured by the meters installed in the 

customersô households. This information was used to create the gross load curve that represent 

the total energy demand requested by the customers during the day in which the summer peak 

occurred. The generation curves have been calculated by subtracting the gross load energy 

curve by the net load curve. The scenarios considered in the SRA of the German case are 

based on the daily profiles measured during the 2018 summer peak. In that day, the network 

had experienced two different configurations: exporting the excess of local generation to MV 

grid from 7 a.m. to 8 p.m. and importing power from the MV grid during the remaining hours of 

the day. These values have been labelled as sensitive information by the demo and therefore 

are reported in D7.4. 

¶ The input that describes the evolution of the grid in this scenario are summarized in Table 11. 

These data have been decided and validated during several iterations with the Greek demo to 
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simulate a possible macro evolution of the distribution grid characteristics, however these values 

do not represent an official grid planning study of the distribution grid operated by AVACON. 

 

Table 11: Data describing the grid evolution of the German demo network. 

Variable unit description 

n_nodes 189 (76) 
Number of nodes below the substation. In this model only 76 
of 189 nodes are connected to loads or generators 

Cos• 0.90 Power factor 

perc_increase_load 478 Expected increase of load with respect to baseline scenario 

uncertain_load 25 %Error associated to the expected increase of load forecast 

perc_increase_gen 150 
%Expected increase of generation with respect to baseline 
scenario 

uncertain_gen 25 %Error associated to the expected increase of gen. forecast 

perc_nodes_gen 75 % of nodes equipped with generator in the target scenario 

gen_perc   
Types of generators connected to the grid in target scenario 
[default: PV; PV and storage] 

 PV 20.00  % 

 PVs 80.00  % 

load_percs [%] 
Percentage of each type of load (sum must be equal to 
100%] 

EV  15  % 

residential  or industrial  40  % 

storage  45  % 

fix  0  

min_contracted_power 0.3 
Minimum contracted power in the considered network in 
target scenario 

med_contracted_power 3 
Medium contracted power in the considered network in 
target scenario 

max_contracted_power 8 
Max contracted power in the considered network in target 
scenario 

perc_min 15 
% of loads equipped with meters that had the minimum 
contracted power in target scenario 

perc_med 35 
% of loads equipped with meters that had the medium 
contracted power in target scenario 

perc_max 50 
% of loads equipped with meters that had the max 
contracted power in target scenario 

The ñreplicability intra nationalò simulations aim at replicating the UC2 ï flexibility provision (implemented 

in the German demo) when deployed in a representative typical feeder of a urban LV grid in 2030. For 

this purpose, the ñdesired power exchangeò SRA-UC is selected in the Software architecture and applied 

to 100 scenarios created with the ñscenario generatorò tool. In the desired power exchange scenario, it 

is assumed that, for each timeslice, the power exchange from the MV into the LV is curtailed by 10% 

with respect to the baseline scenario. 

The input that describes the evolution of the grid in this scenario are summarized in Table 12. 
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Table 12: Data describing the grid evolution of the German Replicability network. 

Variable Unit description 

n_nodes 13  

Cos• 0.90 Power factor 

perc_increase_load 478 
Expected increase of load with respect to baseline scenario 
(changed from 478 because it could not converge 

uncertain_load 25 %Error associated to the expected increase of load forecast 

perc_increase_gen 150 
%Expected increase of generation with respect to baseline 
scenario 

uncertain_gen 25 %Error associated to the expected increase of gen. forecast 

perc_nodes_gen 75 % of nodes equipped with generator in the target scenario 

gen_perc  Types of generators connected to the grid in target scenario 

PV 20 % 

PVs 80 % 

load_percs  Percentage of each type of load 

EV 25.00 % 

residential  or industrial 55.00 % 

storage 20.00 % 

fix 0.00  

min_contracted_power 0.3 
Min contracted power in the considered network in target 
scenario 

med_contracted_power 3 
Med contracted power in the considered network in target 
scenario 

max_contracted_power 8 
Max contracted power in the considered network in target 
scenario 

perc_min 10 
% of loads equipped with meters that had the minimum 
contracted power in target scenario 

perc_med 35 
% of loads equipped with meters that had the medium contracted 
power in target scenario 

The data reported in Table 11 and Table 12 show that Avacon expects to face in 2030 an extremely 

high increase of loads and distributed generators connected to the distribution grids in the upcoming 

years. These figures are in fact ten times larger with respect to similar data provided by other DSOs 

(e.g. Table 7 and Table 9). 

These values were used as input data to perform the simulations with the SRA software tools. In these 

simulations, the scenarios created by the scenario generator tools were significantly congested and 

characterized by high voltage values. Under these conditions, the OPF tool included in the SRA 

architecture, despite several iterations, could not find a solution that complies with the convergence 

criteria for the 2200 scenarios considered in each SRA scenario related to the German case study. In 

fact the OPF could not find a solution that, in each node of the network, complies with the first criteria of 

the OPF convergence criteria: i.e. voltage node ὠ ὠ    where ὠ ЍὲͅὲέὨὩί *ρπ 

[22] (see Figure 24). 
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Figure 24: Results of the SRA simulations for the German case for the 2030 scenario (desired 
power exchange SRA UC) 

These preliminary results suggests that, in the long term (10 years) it is not possible to rely only on the 

provision of flexibility services by distributed resources to safely integrate expected increase of loads 

and generators predicted by Avacon in the grid planning study. Therefore, it was decided to modify the 

expected increase of generators and loads stated in Table 10 and Table 11 to simulate a short-term 

scenario in which both generations and loads will grow by 77% compared to the baseline scenario. 

These targets, even if they are not specified in the long-term development plans published by Avacon, 

have been agreed with the WP5 members and represent a shorter-term evolution of the loads and DGs. 

These new targets for the growth of generation and loads were simulated. In the simulations that 

involved the demo grid model (189 nodes and 76 generators/loads) the OPF could converge in 85% of 

the analysed timeslice when the desired power exchange is applied and in 97% of the time slices when 

the zero-power exchange SRA-UC is applied, as shown in Table 13. 

Table 13: Report on the convergence of the German SRA simulations 

simulation_id  
n_time_
slices 

Converged 
[%] 

Not 
converged 

Not_started [%] 

germany_desired_demo_summer_new 2200 84.73 0 15.28 

germany_desired_replicability_summer_new 2300 100 0 0 

germany_zero_demo_summer 2200 97.23 0 2.73 

 

In these calculations it was assumed that each generator could offer up to 1MW and 1MVA of flexibility, 

while each load absorbed be cut up to 10% with respect to its baseline profile. 

3.3.2 Public results 

The timeslice analysed in these simulations are considered as independent and non-consecutive 

timeslice: it is considered that in each timeslice all generators and loads can provide the maximum 

amount of flexibility available. The present simulations did not model the state of charges of the different 

generators and storage units included in the model. 

Figure 25 and Figure 26 summarize the results of the simulations related to the ñscalability in densityò 

use case. In these simulations the ñdesired power exchangeò SRA-UC is used to calculate the amount 

of flexibility needed to solve the congestion (in terms of active and reactive power of each generator and 
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each load connected to the grid). In these simulations the power injected into the MV grid was curtailed 

by 10% with respect to the baseline scenario.   

Figure 27 and Figure 28 summarize the results of the simulations related to the ñscalability in densityò 

use case. In these simulations the ñzero power exchangeò SRA use case is used to calculate the amount 

of flexibility needed to solve the congestion (in terms of active and reactive power of each generator and 

each load connected to the grid).  

Finally, Figure 29 and Figure 30 summarize the outcomes of the simulations for the ñreplicability 

intranationalò SRA, when the ñdesired power exchangeò SRA UC is applied, while Figure 31 and Figure 

32 illustrate the results for the ñreplicability intra nationalò SRA, ñzero power exchangeò SRA-UC. 
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SCALABILITY IN DENSITY - DESIRED POWER EXCHANGE DEMO NETWORK   

 

 

 

 

 

Figure 25: Flexibility (Active and Reactive power) of the generators in the scenario scalability in density, demo network, desired power exchange 
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Figure 26: Flexibility (Active and Reactive power) of the loads in the scenario scalability in density, demo network, desired power exchange 

 


























































































