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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
Scalability and Replicability Analysis, Multi-Criteria Cost Benefit Analysis

Disclaimer

All information provided reflects the status of the Platone project at the time of writing and may be
subject to change. Al | information reflects ¢
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

Il nnovation for the customer s, i nnovat i o-nPlatfoonrfor t h e

Operation of distribution Networks. Wi thin the

grido, Platone addrietsys easnd hree tt aipli cmdirFk eetx i dptli ons

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, namel vy
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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
(i) 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:

1T Both the fAdesired power e x c haSRgEGs caa bedsucdesgshilty o

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.

1 Inthe 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.

1 Inthe 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 fegatived and fpositived
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:

1 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.

1 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:

1 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.

1 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.

1 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 APLATform for OpPratoowmeoodi msstoi beveloomp N

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

fAccess Layero to connecdtonc Bytsd menr Optesd att loe QiDStOn i awtd

to Ilink customers and DSO to the Flexibility Market

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
exploitaton of the results after the project is fi
European electricity grido Platone addresses
distribution grido .

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.

11 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 stakehol dersd perspectives)
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.

1.2 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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1.3 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.,
regul ation and st ak)ehtichhay affecstide rgplieation prel apsdalmgeosthe 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.

1.4 Outline of the Deliverable
This deliverable is organized as follows:

I 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.

1 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.

1 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;

1 Chapter 5 applies the MCA-CBA to the Platone demo use cases and reports the per-demo
results and main findings;

1 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;

1 Chapter 7 concludes the report.

1.5 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].

Platone i GA N° 864300 Page 9 (110)
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2 Scalability and Replicability Analysis: methodology and
software architecture

21 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 fdesired power
exchangebb et ween MV andelkVw @rodvetr hogerafoln ange o

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

Definitions

1 Scenario: a specific combination of load and generation values at a specific time ofor the set of
0: ¢ aftotal number of grid nodes).

1 Profile: a set of load/generation values over a specific time interval 1t h ¥ fe&y.hone 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.

1 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.

1 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.

I Scalability analysisitai ms at answering the quuwsesdadeweretdbeh a't
i mpl emented at a | arger scale under the same

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.

1 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.

1 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.

1 Replicability analysis: analysist hat ai ms at answer i ngectiftheuseuesti on
case were to be implemented at a different location, where different boundary conditions can
b e f o Waoadalze 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:

o0 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:

1 Desired power exchange

1 Zero power exchange
These are refeUC=edad ftr atshdé SIRAst of the document.
2.1.1 fDesired power exchangeo SRA-UC
The fAdesired powalC aimesxatsmalatigge cont®Rsthategy 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

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 fiZero power exchangeo 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 fAexpensiveo

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 i DE - 1171 Virtual | DE The UC Avirtual Il sl andingo
islanding 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 i DE- 2 - Flexibility | DE It demonstrates the practical feasibility of an innovative
Provision 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

UCiITi2:  Congestion | IT Its goal is to demonstrate the practical feasibility to unlock local

Management flexibility sources to address local congestion and voltage
stability

KPI_GR_07 Generation | GR To achieve better operating conditions of the distribution

curtailment network in the case of a frequency restoration reserve

activation request by the TSO.
KPI_GR_08 Demand | GR
curtailment

UC-GR-4 - Distribution | GR
Network limit violation
mitigation

The SRA analysis simulates the implementation of the above-mentioned demo UCs in different
conditions that represent the different steps of the SRA analysis:

1 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,

1 replicability intra i 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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1 replicability international aims at simulating the implementation of the demo UC when
implemented in different boundary conditions.

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

1 Italian demo: scalability in density; replicability intra national;
1 Greek demo: scalability in density; replicability intra national;
1 German demo: scalability in density; replicability intra national (UC 2)

The demo UC 1 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 i 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 i 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 respecttot he baseline scenari o. In the HAsc
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 T 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 UC2i DE 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 T UC is used to perform the following steps of the SRA analysis:

1 German demo: scalability in density, replicability intra national (UC1)
1 ltalian demo: replicability international;
1 Greek demo: replicability international;

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

Avirtual Il slandingo of an a@mmatbgancing genenation antd gemand di i

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 |
e x ¢ h an g eldCs ® A same network models and load and generation curves that describe the
expected evolutionoflocald e mos i n 2030 (and have been used |
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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 fivirtual i thdcanen régulatereschenaepreventshihe implemematign
of this operating scheme in the real net wor ks.
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.

2.2 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])

Generation & Load Profile
“TARGET” (e.g. 2030)

.,o
® o o

Demo grid Topology

- Scenario Generator Load Flow ‘ Limits are respected = discard the profile from the further analysis
. . Algorithm for producing a perform power flow /

Generation & Load pmflle pool of N scenarios for the n scenarios
“NOW” (specific load & generation and check for

configuration) with constraint violations

parametric variability limits)
o ‘ Limitsare NOT respected = keep the profile forthe further analysis

Randomlysample a subset Locate the flexible elements (e.g., EV
of n load & generation charging station) and find the
configurations from the e capability curves
two sets

Set of N load
configurations

Set of N generation
configurations
respecting the total
generation target

Optimal
Power Flow

e = Can the congestion
problem be solved?
= How much flexibility is
o o needed?

Figure 1. Schematic depiction of the SRA software architecture

respecting the total
load target

2.2.1 Input data (step 1, 2 and 3)
The input data requested to perform the simulations are the following:
1 Network topology (e.g., demo grid topology) (stepl)

o CIM network models representing demo areas
o JRC network models for scaled up/ replicated networks

Theref

1T Generation and | oad pr of i |rmetheicansectiorspointybetwegnthe 201 8)

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

1T Generation and | oad Atargeto profile (i.e.,
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

[ e] [ é]

23 1454.86

2.2.2 Scenario generator (step 4)

The objective of the scenario generator is producing a family of 6 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:

T Aas i so p8(ed.,iblueccuniem FRWel?2)
T Atargeto profile in 2030, wWhi COQpaddOppen(@c ®@ir NAY MO d et we
limit (e.g., orange and grey curve in Figure 2).

I n other words, the fas is0 daily profil e ifst aarsgseutnoe d
profile is defined with a given uncertainty.

: = ———— T\

| 2 1 4 4 7 8 9 10 11 12 13 14 15 A 17 ® 19 0 N

Figure 2: Profiles created in the algorithm
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Assume that, at a given time ¢, the total load values of the fas isdand ftargetoprofiles are as defined in
Table 3.

Table3: t ot al |l oad values of the fAas is0 and Atarget o
As Is Yol "Q0d YOl QR
0 0 o(@ [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,

f the fas i 80 0ibdgverabythd sonad the 3 loads in Figure 3
Ooe 0)= 00 & 0 & 00 &500 +1100 ©+400 @

In particular,

1 the fAas i Sd:¢isgiven ykhe sum af the 3 loads in Figure 3:

SOMW = (+50%, +200%)
{75MW, 150MW)

A — -
| TT— A0MW = ([+50%, +200%)
T (GOMW, 120MW)

| o

110MW = (#50%, +200%]
[165MW, 330MW)

Figure 3: Example of 3-node grid with loads

In the example illustrated in Figure 3 the percentage of the increase of 0 0 0 ffotn the fas isoto the
itargeto profiles is i mal&60ed) arde200/e @100 oY HO®®).( 200
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):

0 0%75,150] 0 &
1 0 0%165,330]0 ®
f 0 060,120]0 ®

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 0 0 0, &stin Figure 4.

Platone i GA N° 864300 Page 16 (110)



Deliverable D7.6 ==Platone

p4 2 Pl

1 145.363_4] 220.8928 100.4420 1 466.698§j

2 75.5968 253.4841 105.4548 2 4345357

3 81.1613 206.0780 96.9483 3 384.1876

4 129.7379 2454418 79.1338 4 454.3135
I 5 113.8326 288.3107 108.9068 5 511.0501 |

6 85.5956 212.1338 87.4511 6 385.1805

7 84,1655 218.87T71 91.8977 7 304.9402

8 122.8320 260.6600 70.4207 8 453.9127

9 100.2135 239.1611 89.5491 9 428.9238
Lo 78,5503 300.9503  115.9471, | 10 504.4577 |

1 132.0064 226.7369 62.7801 1 421.5235

12 79.8207 228.0481 116.1845 12 4240532

13 79.47%4 273.8412 107.3646 13 460.6851

14 87.2233 234.2408 103.6155 14 425.0796

15 79.0018 247.8604 68.0313 15 304.9434

16 102.3170 317.7481 67.0103 16 487.0754

17 81.6019 311.3529 93.6508 17 486.6057

18 1374236 223.6857  118.1698 | 18 |  479.2791
s 1398400 2716768 95.2255 | 19 506.7432 |
20 124.2397 276.9576 94.0511 20 495.2484
21 1240177 260.1801 66.1208 | 21 4503785

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 § 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 U load and
generation scenarios can be produced, with (0 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 consideringt he fias i sd6 and fitargetd profiles.

2.2.2.2 Detailed explanation of the algorithm

T h escefiarioge ner at or GepgtedangAnnexB 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
Cose Power factor

. 0 Expected increase of load with respect to baseline
perc_increase_load [%0] scenario

. o Error associated to the expected increase of load

uncertain_load [%0] forecast

. o Expected increase of generation with respect to
perc_increase_gen [%0]

baseline scenario
Error associated to the expected increase of gen.

uncertain_gen [%0]
forecast
% of nodes equipped with generator in the target
0,
perc_nodes_gen [%0] scenario
en tvoes labels Types of generators connected to the grid in target
gen_typ scenario [default: PV; PV and storage]
Percentage of each type of generator (sum must be
0,
gen_percs [%] equal to 100%)]
load tvoes labels Types of loads connected to the grid in target
—typ scenario [default: residential; EV; fixed; storage]
Percentage of each type of load (sum must be equal
0,
load_percs [%] t0 100%]
min_contracted_power [KW] M|n|mum_ contracted power in the considered
network in target scenario
med_contracted_power [W] Medlum contraqted power in the considered network
in target scenario
Max contracted power in the considered network in
max_contracted_power [kW] )
target scenario
. 0 % of loads equipped with meters that had the
perc_min [%0] o ; .
minimum contracted power in target scenario
% of loads equipped with meters that had the
perc_med [%0] . . X
medium contracted power in target scenario
% of loads equipped with meters that had the max
perc_max [%0]

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:

D "QEOE 1 O PO p 6& ORI O ONE O ®
D G Oi OB DO p 62 OQI 0 ONE O @

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:

1 1l)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)

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

T 11)cf or each node, the algorithm calcul ates t
power of each node and the total energy consumed (calculated in step B)

1 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,
1 PV plants can offer a flexibility profile that ranges from 1.0% to 0.1% of their baseline production
1 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.
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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 time_slice time_slice [.] time_slice node_type node_id scenario_id
0 1 2 23

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 time_slice time_slice [ é . time_slice Nodetype contracted Node id Scenario id
0 1 2 23 power

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
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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Read the set of
generation and load Call Matpower
profiles defined in (through Octave) Run load flows
(steps 5 and 6)

Send the “congested
profiles” to the
Optimal Power Flow
tool

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 iwarm starto file that is used by the OPF

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:

i the balance between total generation and total demand in the system,
1 the power flows in the lines,

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

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

i 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
fexpensivedo in the OPF probl em, and the algori
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 indi
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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¥ |1 chUsersyosa\Desktoplsimulations resutls\taly_tero_dema_summer (1)ziphsummertinput opfy

Nome Dimensione Dimensione... Uitima mod... Creato Uttimo acce Attributi Crittografato Commento CRC Metodo Caratteristic.. OS¢~
fscenario_0_time slice 0 35731 25508 2023-07-12 D drar-x - BC223F39 Store UT 07875 Unis
scenario_0_time_slice_1 35345 25376 20230712 D drwrr-x - 9377CEST Store UT 07875 Unis
scenario_0_time_slice_2 34770 25149 20230712, D drwrx - ABSS1BBE Store UT 07875 Uni
scenario_0_time_slice 3 34767 25146 2023-07-12.. D drwran . 82030085 Store UTOx7875 Uni
scenario_0_time slice 4 35125 25359 2023-07-12.. D arex - E24E8A15 Store UTOTETS  Unib
scenario_0_time slice 5 35470 25351 20230712, D ar-x - 38B2363E Store UTOKTE7S Uni
scenario_0 time slice 6 36275 25663 20230712 D dria-x - ES25D7B2 Store UTQKTE75 Unis
‘scenario_0_time slice 7 36480 25832 202307120 D drwr-x - TB2CCFIC Store UTQkTE7S  Unis
scenario_0._time_slice 8 36600 25956 2023-07-12.. D D6EF3859 Stare UTQx7875 Uni
scenario_0_time slice 9 36682 25674 20230712 D s - FBAFA2E Store UT0x7BTS  Univ

e slice_10 7930 26197 20230712, [pmn— - 16BEEAEG Store UTONTETS  Unis
scenario_0_time slice_11 3353 26421 20230712 D drarx - 5201BCDA Store UT 07875 Unis
scenario_0_time slice_12 33605 26416 2023-07-12 D drra-x - AITO6DES Store UT 07875 Unis
scenario_0_time_slice_13 38797 26564 20230712 D drwrx - 1EEIZBOA Store UT 07875 Uni
scenario_0_time slice_14 53237 27519 2023-07-12.. D drwran . ES16F26C Store UTOx7875 Uni
scenario_0_time slice_15 58145 28792 20230712 D araex - ZBT7A1A1 Store UTOTETS  Unib
scenario_0_time slice 16 55857 28089 20230712, D an--x - HEDACECO Store UTOK7E7S Uni
scenario_0time slice 17 38357 26330 20230712 D drv-ia-x - BSAEASTI Store UTQKTE75 Unis
‘scenario_0_time slice_18 38135 26300 2023-07-12.. D drcr-s - BEQ4EF44 Store UTQkTE7S  Unis
scenario_0._time_slice_19 37563 26200 2023-07-12.. D 41088845 Store UT Q7875 Uni

38757 25965 20230712 D s - 330283CD Store UT 07875 Uni

38418 25814 20230712, [pmn— - TBFFOCES Store UTONTETS  Unis
scenario_0_time slice 22 35106 25779 20230712 D drar-x - 22057865 Store UT 07875 Unis
scenario_1_time_slice 0 35202 25355 20230712 D drwrr-x - 1D32F38D Store UT 07875 Unis
scenario_1_time_slice_1 35032 25319 20230712, D drwrx - CSAQB2CD Store UT 07875 Uni
scenario_1_time_slice 2 35265 25322 2023-07-12.. D drwran . BBCEFS33 Store UT 07875 Uni
scenario_1_time slice 3 35267 25328 2023-07-12.. D arex - ASETBSES Store UTOTETS  Unib
scenario_1_time slice 4 35185 2536 20230712, D an-x - 97EE42 Store UTOK7E7S  Uni
scenario_1_time slice § 35535 25414 20230712 D dria-x - BAZEI41B Store UTQKTE75 Unis
‘scenario_1_time_slice 6 3633 25811 20230712 D drwr-x - 3IFBC4622 Stare UTQkTE7S  Unis
scenario_1_time_slice 7 36628 25830 2023-07-12.. D 27984623 Stare UT Q7875 Uni
scenario_1_time_slice 8 37408 26145 20230712 Ddrura-x - FETSEC33 Store UT 07875 Uni

e slice 8 3770 26174 20230712, [ - SAABJEIC Store UTONTETS  Unis

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)

1P gen Qgen Pload Qload |
2 0325379 0.412018 0.318584 0.150425
3 | 1.64E-07 3.5E-07 0.370823 0.175226
4 0101917 046171 0352674 0.157873
5  1.776-07 S.13E-07 0.392325 0.159541
6 7.66-07 -5.56-07 0.368085 0.204659
7 1.176949 0.388953 0.294808 0.168693
8 070524 0.405255 033% 0.17643
k] -2.1E-09 BE-07 0.325966 0.16761
10 0.510792 0.389574 0334285 0.176433
1 -8E-07 -6E-07 0.33569 0.202541
12 74607 -5.86-07 0331815 0.193288
13 -6.45035 -3.14447 0.333262 0.168861
14
15
16
17
18
13
20
21
22
23
2
25
26
7 -
28
29
30
31
32
33
34

, mean | scenario_94_time siice 1 | scenario_90_time_slice 1 | scenario_78_time_slice1 | scenario_44_time_siice_1

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

31

Scalability and Replicability Analysis of the demo use cases

Iltalian demo

3.1.1 Scalability in density: Summer scenario

|l

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

The |l oad profiles that are used as input for

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

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

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

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

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

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

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

PV and storage 10.00 %
90.00 %

Types of loads connected to the grid in target
load_types scenario [default: residential; EV; fixed; storage]
EV 30.00%
residential 50.00%
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storage 10.00%
fix 10.00%
Minimum contracted power in the considered network
min_contracted power 3 in target scenario
Medium contracted power in the considered network
med_contracted power 6 in target scenario
Max contracted power in the considered network in
max_contracted power 10 target scenario
% of loads equipped with meters that had the
perc_min 0.6 minimum contracted power in target scenario
% of loads equipped with meters that had the medium
perc_med 0.35 contracted power in target scenario
% of loads equipped with meters that had the max
perc_max 0.05 contracted power in target scenario
Load flexibility curtailment | 50 %
The fiscalability i n densityo si mul &C-IT@nGongestiom at re
Managementd when deployed in a representative feeder of t

t h desifed power exchange0OPF is selected in the Software architecture and applied to 100 scenarios
created swiethlarti lme g n e r adestored power excHange dcenarib, 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 ftechnological Sc al abi |l it yo that ass es sPlaoewlattoime angRatoheo r man c e ¢
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:

T The | oad profiles that are used as input for the
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 inthe demoareatoobt ain t he fgrosmnkrfaccai | y pr
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.
1 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
1 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
Cose 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
%Expected increase of generation with respect to baseline
perc_increase_gen 41.9 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
Types of generators connected to the grid in target scenario
gen_types [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
% of loads equipped with meters that had the min. contracted
perc_min 0.5 power
% of loads equipped with meters that had the med contracted
perc_med 0.4 power
% of loads equipped with meters that had the max contracted
perc_max 0.1 power
Load flexibility
curtailment 50 %
The f#Areplicability intranational 0 si mif{2:aGomngestons ai m af
Management 0 when deployed in a semi ur baesiredpeverwor ki n

exchangegd OPF i s s el ect ardhitecture anchapplied o flQ0 wcemaros created with the
fscenari o gener adsicedpower exchdnge stenarid, iissassumed 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 T 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
iinternational replicabilityo. T h ate theperformandes dftheé s s et ¢
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 0 0
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 scenar i osergaetnoerroa tteodo |b.y, fdrklesh tigheskhcpehnsa rrieop o
characterized by a congestion the mean, the mininum and the maximum values of the observed

parameter: 0 and 0 represent the active and reactive power of the generators connected to the

grid while 0 and 0 represent the active and reactive power of the loads connected to the grid.

Figure 9 and Figure 10 summarize the results of the simul at i ons rel ated to the HfAsc
SRA-UC.I n t hese s i masited power exshanged 8RAMC 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 fAscenari o generatoro tool . The grap!
congestion the mean, the minimum and the maximum values of the observed parameter: 0 0

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

while O 0 (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 simul ati ons rel ated to the
nati GRAUCO n t hese simulations the same approach descri
used but it was applied to the network model selected for the replicability analysis: the JRC semiurban

LV network (115 nodes). Figure 13to Figure16s ummar i ze t he results of these s
international 0 eseiamydeg t itdhres .i zoro tplIBRAAEC was xysedchimardgre O
toevaluatethepossi bility to i mplement the fivirtual islandin
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 f#Azer o powbBC was appliecato the teplicaRi network

models, the OPF simulations failed to find a solution.

Platone i GA N° 864300 Page 28 (110)



Deliverable D7.6 ==Platone

SCALABILITY IN DENSITY - DEMO NETWORK - DESIRED POWER EXCHANGE
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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
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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
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REPLICABILITY INTERNATIONAL - ZERO POWER EXCHANGE i DEMO NETWORK - SUMMER
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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
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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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Figure 15: Flexibility (Active and Reactive power) of the loads in the scenario scalability replicability international - demo network, summer profile,
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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 PR0O3 Flexibility Availability when deployed in different
conditions.

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

8 U & "QoBA QN R "Q(')T[ .

o o v P B
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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:

Ao QQQEENE 20 ©idQQ ,

00 QVOL 00 00 O16QQ

pTT

Where:

1T dd QQQEND 920 WA represents the maximum value of
GQQQEYEN® 20 O IQ0Which 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])

1 Q& 20 &ioQQrepresents the maximum value of the generation curve in the target year

The SRA KPI"O0 Qi0 0 [@ad curtailment is calculated using the following formula:
AW QQQNE ¢ D 0 ®i QA ]

oL Qv 0 O 5 E O 0 Gl a0

pTT

Where:

T dO QQQEIE € OO @i dQQ represents the maximum value of
AQQQAEYE € O'D 0 di 6QQ, which are the median values of Pioad, and Qioad Of the flexibility
services provided by the flexible loads calculated for the summer peak of the target year
(reported in D7.4 [7])

T a€é& ®dQod wiodQQrepresents 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 "O0 ‘Q'®0 (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 "O0 Q@0 6 €yual 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 12report t he results of the fAreplicability i
simulations, the amount of curtailed injection of act
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
c a s desiréd power exchanged6 (with a curtail ment factor equal t o
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 pr ove t hat the fze
exchangedo SRA use case can also be safely implement
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-UCAzer o power
exchangeodo to t he glmemeoprofiestintibeseksimwatiang, the maximum amount of
flexibility needed to resolve the expected congestions is equal to

1 0.0149 MW and 0.0127 MVAR for the distributed generators
1 0.0077MW and 0.0045 MVAR for the flexible loads.
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Figure 15and Figure16s how t he results of the fzero poweater exchan
profile. In these simulations, the maximum amount of flexibility needed to resolve the expected
congestions is equal to:

1 0.0149 MW and 0.0119 MVAR for the distributed generators
1 0.0066 MW and 0.0033 MVAR for the flexible loads.

When the #z«rcd amagwdris@ppled 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 fAzero power e gaonotdimdg sadution to resolveddedt 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
fzer o power e xdesiredl pogver éxchangeb fise cases in semirural netw
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-STATCOMSs) [18] etc.) that
are traditionally installed in HV networks.
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3.2 Greek demo

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

9 Scalability in density: Summer scenario;
1 Replicability intranational: Summer Scenario;
1 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 curtalil 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:

T The |l oad profiles that ar e us e datectethd sonpmetpeak or t he
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].

I 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 cl assi fied as @semi ur bano. The par
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.

1 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
Cose 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 [%0] Percentage of each type of generator
PV 100 | %
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 |%
Minimum contracted power in the considered network in target
min_contracted power 50 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 fiscalability in densityo si mul a-tGiemrmreg adii o natc urrdmliil
and AKPI -B&ma&®Bd curtail mento when deployed in a repr
network in 2030. F desired powes exghangep o SRA tulse @Gase is sel e
Software architecture and appl i eade ntar ilo0 0g esnceernaatroi roos tcc

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:

1

The |l oad profiles that are used as isonpmetpeakor t he

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 inthe demoareatoo bt ai n the fAgrosso daily
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 IMVA.

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

Cose 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 SEZF:]Z(;ifd increase of generation with respect to baseline
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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 [%0] Percentage of each type of generator
PV 10.00 %
pvs 90.00 %
load_percs [%0] Percentage of each type of load (sum must be equal to 100%]
EV 5.00 %
residential 50.0 %
storage 5.00 %
fix 40.0 %
. Minimum contracted power in the considered network in target
min_contracted_power 50 .
scenario
med_contracted_power | 400 Medlu_m contracted power in the considered network in target
scenario
Max contracted power in the considered network in target
max_contracted_power | 500 .
scenario
. % of loads equipped with meters that had the min. contracted
perc_min 30
power
% of loads equipped with meters that had the med contracted
perc_med 35 power
% of loads equipped with meters that had the max contracted
perc_max 35
power
The #Areplicability intra national 0 si mu-lGeheratons ai m
curtailmento aDémadakKkEBl cGRt@a8| ment o when deployed in a

of a rural MV grid i n 26siBed powdf exchangddi sOPp-u ri pso ssee, | etchtee dii
Software architecture and applied to 100 scenarioscr e at ed wddrharihe diener ator o too

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 fizero power excha
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 rexchangg demo iR
net wor ko, (whose results are reported in Figure 2
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 IMW and 1MVA of flexibility,
while each | oad absorbed be cut wup t ee)sithrispdctaditdéo f or t h
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 simulationsrelate d t o t he fAscalability in d
t hese si mu desited ppwes exthénged0 i use case is used to calculate
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 summari ze the results of the simulations
national 06 simulations. In these si muilsadaloalsi Itihtey siamed
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 s ummar i ze the results of the fre
simulations. Forthese analyses, t he fAzer o power exchangeoOdO use case wa
possibility to implempgéeotbpeiiati Gnreep aliexd The cutehth e

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

regul atory system, are classified as Ainternational r
used to simulate theomraépPl anabitloi sy muhntata méde Ascal akt

Platone i GA N° 864300 Page 43 (110)



Deliverable D7.6

é=Platone

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
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REPLICABILITY INTRA NATIONAL - DESIRED POWER EXCHANGE- RURAL NETWORK
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3.2.5 Lessons learnt

The results illustrated in paragraph 3.2.4 pr ove t hat the appl idesaedipawar
exchanged (with a curtail ment factor equal to 10%
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 i sKPIGR 01, @de d comparesithe 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:

B.B.O, B.B,0¢

0 0 OYmX B. B, O
N N F]

p T

where 'O . is the energy curtailment of the i-th RES facility at period 0in the BaU i Flat Network Tariff
scenario (kWh), O ‘ﬁ? is the energy curtailment of the i-th RES facility at period 6in the Variable Network

Tariff scenario (kwWh), Qs the set of RES facilities under consideration, and "Yis 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

of
of

t
t

he
he

use case 0

gross

values of active and reactive Ifilteyxiibn Ideénysiotfy 0g esnceermaaroiros bhiyn

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 i 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:

B.B,O, B.B.,0¢

0 0 OYn Y 5B O
N N ﬁ

pTT

where O . is the demand curtailment of the i-th flexible customer facility at period 0in the BaU i Flat
Network Tariff scenario (kwh), O ‘F? is the demand curtailment of the i-th flexible customer facility at
period 0 in the Variable Network Tariff scenario (kWh), Ois the set of flexible customers under
consideration, and "Yis 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:

A QQQENENE 20 dioQQ
QO 20 ®ioQQ

"O0 'Q'®O 6 ZPp T T
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While the SRA KPI "O0 Qa0 0 i®calculated using the following formula
GO QQQEYE € G'D O DI QQ
aée O ol '@

"O0 Q@0 6 'O Zp T

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 "O0 ‘Q'®0O (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 "O0 QU 6 &yual 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 19r epor t the results of t he alpspedipawvart i on
exchanged theoreplicability network (rural) with summer profiles. In these simulations, the maximum
amount of flexibility needed to resolve the expected congestions is equal to

1 0.01364 MW and 0.002546 kVAR for the distributed generators
T 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-UCfizer o power exchangeo

the demo network with summer profiles. In these simulations, the maximum amount of flexibility needed
to resolve the expected congestions is equal to

T 0.321 MW and 0.0346 MVAR for the distributed generators
1 0.0298 MW and 0.0125 MVAR for the distributed loads

of

t

Finally, Figure 22 and Figure 23r eport t he results of the application of
exchangeo to the replicabisumnteyprofiest wor k (rural networ k)
In these simulations, the maximum amount of flexibility needed to resolve the expected congestions is
equal to:

T 0.911 MW and 0.937 MVAR for the distributed generators

1 0.087 MW and 0.0345 MVAR for the distributed loads
The results related to the fizero power exchangeo SRA

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

1  Scalability in density: Summer scenario;
1 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 curtalil
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:

1 the power imported from the MV grid, in the time slices in which the local generation is lower
than the local demand

1 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:

1T The |l oad profiles that are used asthdasonpmetpeakor t he HfAas

measured in an Avacon secondary substation in 2018. The aggregation of these values in the
24 timeslice observed in the present study
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
c u st o homigeloldls. 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.

1 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

Platone i GA N° 864300 Page 56 (110)

represent

t

S0

h e

profiles

finet

| oad

are rel

curvec



Deliverable D7.6 ==Platone

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
Cose 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
0 - - - -
perc_increase_gen 150 A)Expe_cted 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
en perc Types of generators connected to the grid in target scenario
gen_p [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 con_tracted 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 co_ntracted power in the considered network in target
scenario
. % of loads equipped with meters that had the minimum
perc_min 15 . .
- contracted power in target scenario
5 . - -
perc_med 35 % of loads equp_ed with meters t_hat had the medium
contracted power in target scenario
5 . -
perc_max 50 % of loads equp_ed with meters t_hat had the max
contracted power in target scenario
The Areplicability intra nat i onidléxibilityprowsioh (enplémemtes

in the German demo) when deployed in a representative typical feeder of a urban LV grid in 2030. For
t hi s pur gesiredpowetekchanged S-BQis selected in the Software architecture and applied
to 100 scenarioscemnant @ dg evn i theadtsinad pofver exshange dcenario, 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
Cose 0.90 |Power factor

: Expected increase of load with respect to baseline scenario
perc_increase_load 478 (changed from 478 because it could not converge
uncertain_load 25 %Error associated to the expected increase of load forecast
perc_increase_gen 150 %Expepted 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 in the considered network in target
min_contracted_power 0.3

scenario

Med contracted power in the considered network in target
med_contracted_power |3 .

scenario

Max contracted power in the considered network in target
max_contracted_power |8 scenario

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

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

perc_min 10

perc_med 35

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 & @ where @ VE € € QQim
[22] (see Figure 24).
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OPF_checklog

190 2023-08-83 09:19:52,947 - MainThread - DEBUG - Failed Simulation Germany/desired power_exchange/demo/summer scenario_2_time_slice 13
191  2023-08-03 09:19:52,950 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_3_time_slice_16
192 2023-08-03 09:19:52,950 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_6_time_slice 3
193 2023-08-03 09:19:52,951 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_5_time_slice_18
194 2023-08-03 09:19:52,951 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_7_time_slice 9
195 2023-08-03 09:19:52,952 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_1_time_slice_7
196  2023-08-83 09:19:52,953 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_1_time_slice_4
197  2023-08-83 ©9:19:52,954 - MainThread - DEBUG - Failed Simulation Germany/desired power_exchange/demo/summer scenario_3_time_slice 6
198  2023-08-83 09:19:52,954 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_7_time_slice 6
199 2023-08-63 ©9:19:52,955 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_2 time_slice 7
200  2023-08-@3 09:19:52,956 - MainThread - DEBUG - Failed Ssimulation Germany/desired_power_exchange/demo/summer scenario_2_time_slice_12
201 2023-88-83 09:19:52,957 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_8 time_slice 18
202 2023-08-@3 09:19:52,957 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_4_time_slice_15
203 2023-88-683 09:19:52,958 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_7_time_slice_14
204 2023-08-03 09:19:52,959 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_7_time_slice 1
205 2023-88-083 09:19:52,959 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_3_time_slice_22
206  2023-08-03 09:19:52,960 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_1_time_slice 3
207  2023-08-83 09:19:52,961 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_6 time_slice 18
208  2023-08-03 09:19:52,962 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_9_time_slice_13
209  2023-08-03 09:19:52,962 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_1_time_slice 2
210 2023-08-03 09:19:52,963 - MainThread - DEBUG - Failed simulation Germany/desired_power_exchange/demo/summer scenario_3_time_slice_@
211 2023-08-03 09:19:52,964 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_2 time_slice @
212 2023-08-83 ©9:19:52,965 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_3_time_slice 7
213 2023-08-03 09:19:52,965 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_2 time_slice_22
214 2023-08-03 0©9:19:52,966 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario 6 time_slice 21
215 2023-88-03 09:19:52,967 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_9_time_slice_16
216 2023-88-83 09:19:52,967 - MainThread - DEBUG - Failed Simulation Germany/desired power_exchange/demo/summer scenario_4 time_slice 3
217  2023-08-83 09:19:52,968 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenaric_5_time_slice_6
218  2023-88-83 09:19:52,969 - MainThread - DEBUG - Failed Simulation Germany/desired power_exchange/demo/summer scenario_4 time_slice 5
219  2023-08-83 09:19:52,969 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario_3_time_slice_9
220 2023-88-83 09:19:52,970 - MainThread - DEBUG - Failed Simulation Germany/desired_power_exchange/demo/summer scenario 6 time_slice 17
221 '2923—88763 09:19:52,97@ - MainThread - INFO - Simulation Germany/desired_power_exchange/demo/summer Number of tasks 220. To do: @.e%, converged: @.0%, not
converged ©.0%, failed 100.0%
222

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

n_time_
slices
2200
2300
2200

Converged Not o
[%] converged Not_started [%0]

84.73 0 15.28

100 0 0
97.23 0 2.73

simulation_id

germany_desired_demo_summer_new
germany_desired_replicability_ summer_new
germany_zero_demo_summer

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 s ummar i ze the results of the simulati
use cas e . I n t hese desiradpbnerekcbanged t $-BQAidiused to calculate the amount
of flexibility needed to solve the congestion (in terms of active and reactive power of each generator and

ons related to the Ascal abi l
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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 286s ummar i ze the results of the simulations related to the fAscalabil
use case. In these simulations the fizero power exchangeo SRA use case is used
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 summar i ze the outcomes of the simulations for the #Areplicabi
intranational 06 SRA, when the fAdesir e digpeBwandFigere changeod SRA UC is applied, whil
32i Il lustrate the results f BRA tefopowarexehahgeoc abH@ ity intra national 0o
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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
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