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Executive Summary

The main objective of this deliverable is to identify and define the EUniversal DEMO Key Performance
Indicators (KPIs) which will support the monitoring and assessment procedure of the pilot and
project activities. In addition, the EUniversal project KPIs, associated with the expected impacts of the
call under the European Horizon 2020 programme, are also included.

KPIs serve to evaluate the success and impact of the demonstrators and quantify the overall
contribution of EUniversal to the primary goal of enabling a transformative and modular approach,
the Universal Market Enabling Interface (UMEI), to couple active system management of the networks
with electricity markets that allow for effective provision of flexibility services.

The work from Task 6.2 presented in this deliverable is closely linked to Task 2.2, ‘Business use case
definition’ and Task 2.3 ‘System Architecture and system use cases’ (UC). Furthermore, the work
conducted in work packages (WPs) 7, 8 and 9, related to the Portuguese (PT), German (DE) and Polish
(PL) pilots, are also key for the development and understanding of this deliverable, as the DEMOs
serve to demonstrate and validate the services defined in the project. The structured and reproducible
methodology followed to achieve the objective above is depicted in Figure 1.

Y

~
: —>
1. Review the UC b f 8. Identification of
objectives and solutions SIS common DEMO KPls
J
Y l l
~
Sl 7. DEMO KPI 9. Complete KPI
objectiv ep: identification definition template
i l
, v v
3. Determine thematic 7.1 Assess UC 7§§ dRzgiles“f'rgr":‘bgiiagﬁ’ns Ou%gmﬁ;&?%‘gﬁg i
pillars solutions s g specific and Project
proj KPls
' v
Y
4_Determine groups of
7.3 Check KPIs End
stakeholders proposed with project
partners
[ vl beia bt batia begia batia bt Loy 1
1 doacay 1
A l F [:] Foundations: Chapter 3 X
1 1
] . o
A Identification / Evaluation:
- Outcome: preliminary 1 1
= DSL?T']?::: R list of categorised — 1 Chapter 4 X
KPls - :
1 1

[:] Definition: Annexes

Figure 1. Flow chart presenting the methodology followed in Deliverable 6.2 to identify and define the Key Performance
Indicators.
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As a result of the steps above, a total of 24 KPIs have been identified for the EUniversal project to
enable the evaluation of the project performance. These KPIs can be classified in four domains:

Technical Domain (19 KPIs) - related to the KPIs measuring the technical performance such
as the fulfilment of voltage limits (Polish DEMO).

Economic Domain (3 KPIs) - related with the KPIs that are measuring the economic and
regulatory performance such as the costs of congestion management with flex Market vs
Curtailment (German DEMO).

Environmental Domain (1 KPI) - related to the KPIs measuring the avoided CO, emissions
from increased Renewable Energy Sources (RES) and Distributed Energy Resource (DER)
hosting capacity (Portuguese DEMO).

Social Domain (1 KPI) - related to the KPI measuring the variation of the resource provider’s
consumption due to the flexibility services activation, as a way to deliver further information
to consumers on how the flexibility provided impacted their consumption, and ultimately
their energy bill (Portuguese DEMO).

The KPI domain mapping of the EUniversal project KPIs, common KPIs to at least two DEMOs, and the

specific

KPIs for the Portuguese, German and Polish DEMO is shown in Table 1.

Table 1. Mapping of the KPIs in EUniversal project KPIs, common KPIs for at least two DEMOs and DEMO-specific KPIs
for the Portuguese, German and Polish DEMO

KPI Domain EUniversal @ Common KPI DEMO specific KPIs
project KPI
PT DEMO DE DEMO PL DEMO
Technical 6 5 / 4 4
Economic / / 2 1 /
Environmental / / 1 / /
Social / / 1 / /

To calculate these KPIs, the data included in the KPI definition templates found in Annexes 1-6 has to
be collected and used following the calculation methodologies described in such templates. The

results

and evaluation obtained through the regular monitoring of the KPIs, DEMOs and project

activities will be presented in Deliverable 6.3.
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1. Introduction

The EUniversal project aims to contribute to the transformation of the electricity grid by overcoming
barriers to the implementation of flexibility services by distribution system operators (DSOs)
through the development of a Universal Market Enabling Interface (UMEI). Implementing the
UMEI will bring forward an adaptable concept to link active network management with electricity
markets that takes the activation needs and coordination requirements with all stakeholders into
consideration. The EUniversal Specific Objectives can be found in Chapter 3.

As part of the EUniversal project, demonstrators in three sites in Germany (DE), Portugal (PT) and
Poland (PL) will develop and validate the services and project solutions. Key Performance Indicators
(KPIs) will serve to evaluate and compare the impact of the DEMOs and the project. KPIs are a compact
and meaningful tool to evaluate the development, optimisation, and potential of specific solutions
implemented to achieve a use case or a project objective (Pramangioulis et al. 2019).

The main objective of this deliverable is to identify and define the specific KPIs for the project’s
demonstrators. In addition, D6.2 also aims to present the project KPIs, including the indicators
proposed in the Grant Agreement related to the impacts of the EUniversal project and introduce the
System Use Cases (SUCs) KPIs, related to the efficiency of the tools used. This report exhaustively
defines the KPIs by detailing the key information, calculation methodology, data collection and
baseline of each indicator.

These targets are fulfilled in the context of WP6, ‘DEMO harmonisation and monitoring,” and T6.2,
titled ‘Definition of DEMO KPIs and continuous evaluation of the DEMOs.’ The efforts of T6.2 are to be
presented in two deliverables. The KPIs defined in the D6.2 will allow regular quantitative evaluations
and comparisons of the effectiveness and success of the solutions proposed to achieve the UCs and
project objectives. Then, D6.3 will present this periodic and continuous evaluation of the DEMO
activities based on the KPIs and their main results.

The methodology followed to fulfil the targets previously described has been adapted from the
research Pramangioulis et al. (2019) to fit the EUniversal project. The goal has been to follow a step-
by-step approach that is structured, reproducible and harmonised among the three DEMOs
(Pramangioulis et al. 2019).

Firstly, the foundations needed to conduct the KPI identification efforts are laid out by analysing the
DEMOs UC objectives and solutions and linking these UCs to the Specific Objectives (SOs) of the
EUniversal project. The SOs are used to determine the thematic pillars. Furthermore, the stakeholder
groups of interest and KPI domains (technical, environmental, economic, and social) are established
and defined.

Once this initial definition of key parameters and analysis of the UCs and specific EUniversal
objectives have been conducted, the KPI identification process begins. The EUniversal project KPIs
that were pre-defined in the Grant Agreement (GA) related to the H2020 call impacts are evaluated
and the KPIs related to the System Use Cases (SUCs) are presented.

The DEMO partners analysed every UC from the point of view of the stakeholder groups defined,
considering every KPI domain. The DEMOs did not only consider technical aspects but also considered
other domains to obtain a more holistic result.

In parallel, scientific publications and results from other H2020 projects that also used KPIsas means
to monitor and assess the DEMOs were reviewed to learn from previous experience. The EUniversal
project also participated in the PlatOne ES-1 intraproject workshop for the ‘Flexibility and Retail
Market Options for the Distribution Grid’ H2020 call, contributing to the KPI breakout session. This
enhanced the understanding of the other ES-1 project challenges, timeline and recommendations
regarding KPIs.
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With all the DEMOs specific KPIs being defined, each demonstrator had to review the other two
DEMOs KPIs and evaluate which KPIs could become common to two or three of the DEMOs. This
exercise will enable measuring the success of the project as a whole and will allow valuable
comparisons, while at the same time simplifying the extensive list of indicators.

The KPIs identified were discussed with the project partners to align and ensure data availability. For
all the KPIs identified, a template is filled in containing the information required, calculation
methodology, data collection and baseline. The KPI identification and definition process results in a
list of KPIs divided into three categories, as shown in Table 2. Each KPI is linked to particular
stakeholder group of interest, KPI domains, impact of the call and EUniversal project objective.

Table 2. Types of KPIs included in Deliverable 6.2.

Type of KPI Description

Project KPIs EUniversal Project KPIs evaluating the impacts of the call and SUC KPIs.
DEMO KPIs - Common to more than one DEMO allowing for comparison and evaluation
Common KPIs of the project’s success.

DEMO specific KPIs Validating the items that each particular DEMO is tackling.

This deliverable is divided into 6 chapters. Chapter 2 describes the methodology followed for the KPI
identification and definition in detail. Chapter 3 explains the initial steps that had to be taken to set
the foundations for the KPI identification, including the analysis of the DEMOs objectives and
solutions proposed. It also presents the connection between the UCs and the overall SOs of the
EUniversal project, the classification of the Business Use Cases (BUCs) in thematic pillars, the
definition of key stakeholder groups and the selection of the KPI domains.

In addition, Chapters 4 and 5 detail the KPI identification stages, starting with determining the DEMOs
specific KPIs, followed by an evaluation of which are common to more than one DEMO and an
assessment of the GA KPIs and KPIs related to the SUCs. Finally, the results of the D6.2 are presented
in Chapter 5, with a detailed template including all the key information completed for each KPI
included in the Annexes. The main conclusions from the deliverable are presented in Chapter 6.
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2. Methodology

This chapter aims to describe the methodology followed to fulfil the objectives described in Chapter
1. KPIs have been selected as the means to measure the effectiveness of the solutions proposed to
achieve the UCs and EUniversal project objectives. Therefore, analysing the solutions provided in a
structured and reproducible manner is key for the development and evaluation of the project.
Accordingly, the systematic approach proposed in Pramangioulis et al. (2019) was adapted to suit the
needs of the EUniversal project.

Subchapter 2.1 will describe the steps that have been established to define the key parameters and
systematically analyse the UCs and EUniversal specific objectives to set the foundations for the KPI
identification. Subchapter 2.2 will detail the methodology behind the structured and replicable
definition and classification of KPIs. Figure 2 presents an overview of the Key Performance Indicator
definition methodological framework followed.

Y

-
1. Review the UC i dﬁeh';%;icéﬁ; ] 8 Identification of
objectives and solutions e common DEMO KFls

A
! ! !
-
Ezuﬁggrgi?sl;;}c:l{;c 7. DEMO KF 9. Complete KPI
objectives identification definition template

N,

v v 1

3. Determine thematic
pillars

7.1 Assess UC 7.2 Review publications Ougzmﬁi‘;e?;ﬁg of
solutions and KPls f_rnm existing specific and Project
projects KPls
v \
4. Groups of
7.3 Check KPls End
srimlss proposed with project
partners
jmmmmmmmmmemme—aa-ao
‘l X :] Foundations: Chapter 3 :
I I
1 ——— FO |
. Identification / Evaluation:
5. Determine KPI S ) | Chapter 4-5 !
Lo DEMO specific KPls ' o '
! Definition: Annexes i
1 1

Figure 2. Flow chart presenting the methodology followed to identify and define the Key Performance Indicators.

Page 13 de 114



'|" =Universal

UMEI

2.1 Foundations: UC solutions and EUniversal Specific Objectives

This subchapter aims to describe the tasks performed to set a solid basis for the KPI identification and
definition. Figure 2 illustrates an overview of the step-by-step methodology followed, situating Steps
1-5 in this subchapter inside the broader methodological framework. The results obtained by
conducting these initial steps can be found in Chapter 3.

Step 1: Review the Use Cases (UCs) objectives and solutions.

KPIs aim to quantify and compare the effectiveness of each UC solution proposed. Therefore, the first
step is to analyse the UC objectives and list the proposed solutions serving to achieve each Use Case
objective.

Step 2: Connect Business Use Cases to the EUniversal specific objectives (SOs).

KPIs not only allow to assess and compare the UC solutions but also serve to assess if the EUniversal
project objectives have been fulfilled and to what extent. To do so, the EUniversal specific objectives
are reviewed and linked to the relevant Business Use Cases, in an effort to ensure that all the expected
objectives are tackled and will be covered when determining the KPIs.

Step 3: The EUniversal SOs have allowed to determine thematic pillars.

The thematic pillars set the first analytical layer for the proposed KPI identification process. This is
an effective manner to classify the solutions and make a clear connection to the area that each KPI is
expected to evaluate. In contrast to the methodology presented in Pramangioulis et al. (2019), the
thematic pillars proposed for this project are not limited to technological solutions. The thematic
pillars proposed are linked to the specific objectives of the project and are the following:

- Networks;
- Markets and market mechanisms;
- Investment and business models.

The KPIs related to the thematic pillar "Markets and market mechanisms’ and specific to the
demonstrators will be introduced in this deliverable. Next to that, KPIs related to this thematic pillar
will also be developed in WP5 for specific market mechanisms. In particular, KPIs will be defined to
compare alternative distribution tariff designs (as part of T5.2 “Methodology for dynamic distribution
grid tariffs”) and to analyse different alternative peer to peer (P2P) market designs (as part of “T5.3.
Implications for flexibility services and market mechanisms in a peer-to-peer market setting”).

Step 4: Definition of the main groups of stakeholders.

The main stakeholder groups are assessed to evaluate the solutions through the perspective of each
of these key stakeholders. This enables a more structured identification of KPIs and aims to get a more
holistic view of the success and impact of the project. It also seeks to follow a methodology that is
structured and reproducible. The main stakeholders' groups are DSOs, Customers, Flexibility Market
Operators, Institutions, Producers (Ps) and Resource Aggregators (RAs).
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Step 5: Determine KPIs domains

KPI domains or dimensions are defined to support the KPI identification in Step 6. These categories
also allow classifying the identified KPIs in groups that monitor similar functions. It also facilitates
filtering and finding the KPIs of particular interest for the reader.

Throughout the completion of D6.2, special attention has been given to not limit the scope to KPIs in
the technical domain and include economic, environmental, and social KPIs. This allows for a better
overview and assessment of the impact of the DEMOs and the project.

2.2 Identification and definition of KPIs

The goal of this subchapter is to detail the methodology followed for the KPI identification and
definition process, after having analysed the EUniversal projects specific objectives and UC objectives
and solutions, and detailing the key parameters needed. Figure 1 situates the steps in this subchapter,
steps 6-8 in the wider methodological context.

Step 6: Project KPI identification: GA and SUC KPIs

In addition to the DEMO KPIs, the project KPIs related to aspects outside of the BUCs are evaluated.
These include the KPIs introduced in the GA that relates to the specific impacts to the project and the
SUC KPIs related to the efficiency of the tool.

Step 7: DEMO KPI identification
Step 7.1: Assess the UC solutions from the perspective of each stakeholder group and domain.

The UC solutions are assessed following a structured methodology. The UC objectives and solutions
have been previously reviewed in the foundation steps 1-3, in which these are studied, connected to
the EUniversal Specific Objectives, and classified in thematic pillars.

Firstly, in an orderly manner, a UC solution is chosen. Then, a stakeholder group is selected - e.g,,
customers, and the UC solution is assessed from the perspective of that actor, according to the
different domains (economic, technical, environmental, and social). Then this process is repeated for
the rest of the UC solutions. Figure 3 shows the structured methodology followed to methodically
identify the DEMO KPIs. This method will result in a preliminary list of KPIs per DEMO.
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Flowchart representing the structured approach to methodically identify DEMO KPIs from a multi-

stakeholder perspective.

For example, UC1 would be assessed from the point of view of stakeholder 1 for each domain
(environmental, economic, etc), identifying a KPI for the areas of interest and impact for that
stakeholder. Additional considerations such as data availability were also considered when selecting
the relevant DEMO KPIs.

Step 7.2: Review of publications and KPIs from existing H2020 projects.

The identification of KPIs is a procedure that is commonly used when assessing research
demonstrators. As such, EUniversal took the opportunity to learn from experience and to assess the

scientific

publications, KPI definition and results from other research projects. The projects and

publications that were identified and proved most useful for the project were the following:

1.
2.

3.
4,
5

The EUn

The publication (Pramangioulis et al. 2019), that contains a detailed methodology.
PlatOne D1.2 ‘Project KPIs definition and measurement methods’ was used to incorporate
an analogous clear layout and concise summary tables (PlatOne 2020).

InteGrid D2.6 ‘Preparation and Monitoring of Demonstration Activities’ (Integrid 2020)
UPGRID D1.4 r2 ‘Report on common KPIs’ (UpGrid 2020).

CoordiNet D1.6 ‘List of KPIs: KPI and process of measures,’(Coordinet 2020).

iversal project also benefited from the experience of EUniversal partners from previous

projects and collaboration with other current projects. For example, EUniversal participated in the
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ES1 workshop, openly discussing with other projects from the H2020 call ‘Flexibility and Retail
Market Options for the Distribution Grid’ H2020 call during the KPI breakout session.

Step 7.3: Check KPI preliminary list with project partners

This preliminary list needs to be iterated before obtaining a final inventory of the EUniversal DEMO
KPIs. The stakeholders participating in the DEMO shown in Table 3 are consulted.

Table 3. DEMO project partner types and organisations to iterate the preliminary KPI list with.

: 2 E "

DSO ©-REDES o/ cherga e-on
Market/ ' centrica
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Research Universiy of Cypris AS
- T EASE
Association E. DS O N

i P e
SoluFlon Wl' @ ONGIC
provider L e Impact

Consulting zabala

The result of the steps up to this stage is a preliminary list of DEMOs’ specific KPIs. A table is produced
containing the BUCs with their corresponding thematic pillar, and the KPI linked to the key
stakeholder group impacted and KPI domain. This table reflects the holistic and reproducible
approach followed by the DEMOs in a harmonised manner.

Step 8: Identification of common DEMO KPIs

Once the PL, DE and PT DEMOs have identified the initial DEMO-specific KPIs, each pilot evaluates the
KPIs proposed by other demonstrators, to establish which can be common to more than one DEMO.
This task will allow to measure the impact and success of the EUniversal project and will enable
valuable comparisons, while at the same time simplifying the extensive list of indicators.

Step 9: For each KPI, complete a template of key information.

The template is adapted from the one used in previous projects PlatOne, which is based on the tables
used for the Grid4EU project (Grid4EU, 2020). The result of D6.2 is summarised in Chapter Error!
Reference source not found., with a complete overview of the KPIs classified by domains. In
addition, the filled in templates can be found in the annexes: EUniversal Project KPIs in Annex 1,
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Common KPIs in Annex 3, and the DEMO KPIs for the Portuguese, German and Polish demonstrators
in Annexes 4, 5 and 6 respectively.

The KPI template contains the following information:

1.

KPI Information:

KPI Name and ID

Strategic Objective (SO) that it was linked to.

DEMO(s) where the KPI applies.

UC where KPI applies if any: If it related to a specific BUC, SUC or if it is a KPI identified
outside the UCs.

Owner: Person and company responsible and accountable for single KPI. If the same KPI
will be used in different DEMOs, a single owner must be defined, who will be responsible
for retrieving the KPI from different DEMOs.

KPI description: Description of KPI and rationale for including in project.

KPI formula: Precise mathematical formula for calculating KPI, and explanation of the
defined formula.

Unit of measurements: (i.e. % percentage basis, MW, MWh, etc.)

Target / Threshold: Target of KPI relative to defined baseline.

Reporting Period: Indicate how often this indicator must be reported (weekly, monthly,
yearly).

Reporting Audience and Access Rights: To whom will this indicator be reported and access
rights. Also, indicate here specific access restrictions (if any): Public / EUniversal / DEMO
/ Other.

Other: Indicate specifics of Reporting Audience and Access Rights if OTHER (please
specify) was marked above.

KPI Calculation Methodology:

KPI Step Methodology ID,

Step by step methodology on how to calculate defined KPI

Responsible party: Person and Company responsible for a specific step in KPI calculation
methodology.

KPI Data collection

Data: data to collect

Data ID: Identification of data requiring collecting, that is later used in formulas for
calculating KPI

Methodology for data collection: Describe the method by which data is collected.
Source/Tools/ Instruments for Data collection

Location of Data collection: Where is data measured/located?

Frequency of data collection: Indicate how often, when and for how long data is collected.
Data collection responsible: Name of person & Company responsible for collecting data.

KPI Baseline

Source of Baseline Condition: Literature values / Company historical values / Values
measured during the project / Other.

Details of the Baseline

Responsible for Baseline: Name and company
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3. Foundations for KPI identification

This Chapter aims to detail the efforts necessary to set a solid basis for the identification and definition
of valuable KPIs. The structure of this chapter is depicted in Figure 4. Subchapter 3.1 seeks to examine
the BUCs of each DEMO, firstly by reviewing their objectives and solutions (subchapter 3.1.1), then by
connecting each of these BUCs to the EUniversal specific objectives and classifying them in thematic
pillars based on these objectives (subchapter 3.1.2). Chapter 3.2, assesses the main stakeholder
groups that will be impacted by the DEMOs, and Chapter 3.3 defines the KPI domains (technical,
economic, environmental, and social), in which the final list of KPIs will be classified.

1. Review the UC EEUrﬁggrr;:thggci?c 3. Determine thematic
objectives and solutions objectives pillars

[

4. Groups of
stakeholders

5. Determine KPI
domains

KPI identification and
definition

L

o
=
o
=
=
i)
=S
78]
[ ——

Figure 4. Diagram depicting the methodological framework to set the foundations of the KPI identification and
definition process.

3.1 Preliminary analysis

The demonstrators in EUniversal focus on connecting the DSOs network infrastructure to the
electricity market, the UMEIL Three demonstrator sites were chosen to test the solution in a range of
locations with distinct distribution network topologies, regulatory environments, and national plans.
These pilots are located in Portugal, Germany and Poland.

KPIs have been selected as the means to evaluate the impact and success of the demonstrators, as well
as the EUniversal project as a whole. This subchapter contains the review and analysis of the DEMOs
BUCs objectives and solutions in section 3.1.1, linked to the overall objectives of the project in section
3.1.2.

Reading Deliverable 2.2, ‘Business Use Cases to unlock flexibility service provision,” is recommended

to get a more complete understanding of this subchapter. Furthermore, for in depth information about
each DEMO, the WP7 deliverables focus on the Portuguese DEMO, WP8 on the German DEMO, and
WP9 in the Polish DEMO. To provide context, a summarised description of each DEMO has been
included below.
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Portuguese DEMO

The Portuguese DSO is facing some specific challenges and problems in the grid area under study. In
the DEMO, it is intended to analyse how the penetration of copious amounts of distributed energy
resources (EV, microgeneration, distributed storage) can support the grid operation in terms of
congestion management and voltage control in MV and LV grids. Moreover, it is planned to analyse
those problems when they arise due to a contingency. The aim is to solve grid constraints by
establishing an exchange between the DSO and aggregators via a flexibility market and thus to make
decentralised flexibility solutions accessible for grid services.

Specifically, for the Portuguese DEMO, congestion management and voltage control in MV and LV
grids are the key issues to be addressed. The objective is first to anticipate the problems and then to
use local flexibility markets to solve them. Regarding the scoping of the DEMO, the day-ahead market
(or several days in advance for maintenance actions in the distribution grid) will be considered to
solve grid problems identified through forecasting, analysis, and optimization tools. Furthermore, the
medium- and long-term flexibility market will be adopted for grid planning and maintenance
purposes.

In the Portuguese DEMO, both the NODES and N-SIDE market platforms will be tested in parallel. The
NODES platform includes ShortFlex and LongFlex markets (specific NODES terminology) with
continuous trading of flexibility across distinct timeframes. The most cost-efficient solution is selected
and validated by the DSO to solve the predicted grid congestion. N-SIDE's Local Flexibility Market
platform aims to help solve grid problems by offering an auction-based mechanism that facilitates the
matching of the DSO's expressed needs with the flexibility service providers (FSPs)/aggregators’
offers through an algorithm aiming to maximize the social welfare. It is the intention to test each BUC
with each market platform.

Apart from common KPIs that will be used to evaluate all DEMOs, for the Portuguese DEMO it will be
calculated KPIs related to the long-term market, since this is the only demonstrator where this type
of market will be tested.

German DEMO

The German DSO is investigating the use of flexibility markets in low and medium voltage and their
specific challenges. At present, the low-voltage grid is not monitored at all or only to a limited extent.
With the increasing number of renewable generation and the addition of new flexible loads,
congestions and voltage problems in the grid are becoming more frequent and observability needs to
be increased. Therefore, the main objectives of the demonstrator are to increase observability and to
develop technical solutions for congestion management and voltage control in the LV-Grid with the
help of flexibility markets. It is therefore important to provide accurate forecasts. The implementation
is framed by a schedule-based congestion management. The calculations start day ahead and are
carried out iteratively until shortly before real time.

In addition to the common KPIs, the measurement of the execution time is therefore an important
DEMO specific key indicator that is introduced to be able to keep the intermediate steps of the
iteration. Special importance is also attached to the assessment of the economic efficiency of the
approach and the correct forecasting of congestions and voltage band violations.

Polish DEMO

The Polish DSO is facing some specific challenges and problems in the grid area under study at all
voltage levels. In the medium voltage (MV) grid area, the key issue is congestion management and
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voltage control using the flexibility market. In the Polish DEMO, the market platform NODES will be
tested with continuous trading in flexibility across distinct timeframes. The most cost-efficient
solution is selected and validated by the DSO to solve the predicted grid congestion.

In the low voltage (LV) grid, the problem is the lack of observability. The LV network is not monitored
at all or only to a limited extent. With the growing number of RES and the addition of new flexible
loads, congestion and voltage problems in the grid are becoming more frequent and observability and
controllability should be increased. The Polish DEMO is based on the experience acquired partially in
the UPGRID project, in which solutions increasing the observability of the network were tested.
Therefore, the main DEMO goals in the area of LV grids are to increase the observability and develop
technical solutions for and control voltage using an autonomously managed intelligent secondary
substation (flexstation).

Additionally, in the Polish DEMO, flexibility services offered by DSO for 110 kV lines congestion
mitigation purposes on the HV level will be tested. The offer is dedicated to the RES energy producers
where electricity production is weather dependent. It is applicable for high voltage levels 110kV lines
which load capacity is affected by excessive (above connection agreement value) renewable power
generation.

3.1.1 DEMOs BUCs objectives and solutions

For each DEMO, BUCs that specify a set of actions performed by the system to achieve an observable
result (ISO/IEC 19505-2:2012) have been developed. Therefore, an in-depth understanding of the
UCs is necessary prior to the KPI identification, as KPIs aim to quantify and compare the effectiveness
of the solutions proposed for each UC. Consequently, the first step for KPI identification is to review
the UCs and proposed solutions.

Figure 5 depicts a detailed overview of BUCs for the three DEMOs. It indicates the market mechanism,
flexibility service provided, buyer of the service, auction type, product, timeline, and aggregation. It
also indicates whether the platform is supported by NODES or N-SIDE.

Given the project’s focus on local flexibility markets, most UCs focus on local flexibility markets. Only
the Polish UC on flexstations (PL FS) is using bilateral contracts. On all flexibility markets, the DSO is
the only buyer of flexibility. The only exception is the Polish UC on Dynamic Line Rating (PL DLR)
where the producer is the buyer. Furthermore, all UCs focus on the delivery of congestion
management and/or voltage control grid services through active and reactive power. The auction
type specified per UC depends on the type of market platform being used. For NODES this is a
continuous market, for N-SIDE this is a call market. In the Portuguese UCs, both market platforms will
be used to compare different market approaches and as such to evaluate UMEI for data exchange
between multiple markets. With regard to the timing, most UC operates in a day-ahead and/or intra-
day time schedule. However, the Portuguese UC PT3 and PT4 are also looking at more medium- and
long-term markets (weeks-ahead and years-ahead). Finally, all UCs apart from the Polish UCs allow
for aggregation.

Page 21 de 114



UMEI

'l" =Universal

Figure 5. Overview of the BUCs for the three DEMOs.
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3.1.2 Link UCs to the overall objectives of the project

The next step in the methodology involves indicating which specific UCs will contribute to accomplish
each EUniversal Specific Objectives (SOs). This will allow to assess at a later stage in the project if, and
to what extent, the EUniversal project objectives have been fulfilled.

Table 4 shows the list of the EUniversal project SOs, which combined, tackle the main goal of the
project: the implementation of the Universal Market Enabling Interface (UMEI). In addition, the table
indicates the BUCs that will allow to achieve each of these SOs. SO6 will be addressed through
simulations of the networks of the three pilots.

Table 4. EUniversal project specific objectives and the corresponding UCs to achieve the SOs.

SO SO description BUC
number
SO01 To create a standard, adaptable and modular PT1, PT2, PT3, PT4
mal_'k_e_t-enablmg interface to !lnk smart gI:ldS to _ DE AP, DE RP
flexibility markets and to coordinate the actions with
commercial parties and system operators. PL AP, PLRP, PL DLR
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S02 To increase grid flexibility through the development PT1, PT2, PT3, PT4
of new flexibility services and tools in a multi- DE AP, DE RP
energy system scenario
PL AP, PL RP, PL DLR, PL FS
S03 To incentivise market flexibility by defining the PT1, PT2, PT3, PT4
appropriate market mechanisms to optimise the DE AP. DE RP
procurement and activation of new flexibility services ’
for grid operation PL AP, PL RP, PL DLR, PL FS
S04 To optimise network planning and operation based | PT1, PT2, PT3, PT4
on avallabl.e flexibility both from the grid and market- DE AP, DE RP
based services.
PL AP, PL RP, PL DLR, PL FS
SO5 To reduce technical restrictions in the operation PT1, PT2, PT3, PT4
of the networks by improving control and
DE AP, DE RP
observability of the distribution system and further ’
reliance on flexibility services PL AP, PL RP, PL DLR, PL FS
S06 To increase the resilience of the grids by /
implementing adaptive/self-healing schemes for
distribution networks, notably in the advent of
extreme climate events.
S07 To establish new criteria for network investment PT1, PT2, PT3, PT4
and for operational planning both in normal and
emergency operation - taxonomy, procedures and
performance metrics
S08 To establish the main pillars of business model PT1, PT2, PT3, PT4
archetype_s for smfe\r.t .grld sc.)lut}ons and.for Fhe DE AP, DE RP
market-driven flexibility activation considering
potential users, value proposition, value chain and PL AP, PL RP
profit model.
S09 To reduce the gap between future scenarios in PT3, PT 4
which the EUplver_sal contegt is expected to operate DE AP, DE RP
and current situation by defining a set of long-term
vision that clarify the future operating context. PL AP, PL RP, PL DLR, PL FS
S010 To enable collaborative engagement of the PT1, PT2, PT3, PT4
EUniversal ecosystem assessing the interaction
between market agents, DSOs and TSOs. DE AP, BUCKP1.2
SO11 To guarantee replicability and scalability of PT1, PT2, PT3, PT4

EUniversal solutions by analysing technical and
non-technical boundaries, including regulation, and to

DE AP, DE RP
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adapt to the use cases, KPIs and the future scenarios PL AP, PL RP
defined.

The EUniversal SOs are used to define thematic pillars. The thematic pillars proposed for this project
have been selected to cover the specific EUniversal objectives, without limiting the scope to technical
solutions, in contrast to the methodology proposed in (Pramangioulis et al. 2019). Thematic pillars
are linked with the BUCs as shown in Table 5.

Table 5. Thematic pillars covering the EUniversal specific objectives.

Thematic pillar BUCs
1. Market: market mechanisms and new PT1, PT2, PT3, PT4
flexibility services and tools. DE AP, DE RP
PL AP, PL RP
2. Network: network planning and operation | PT1, PT2, PT3, PT4
to enha_nce resilience and reduce technical DE AP, DE RP
restrictions.
PL AP, PL RP, PL DLR, PL FS
3. Investment and business models PT4

3.2 Stakeholder groups

The objective of defining the key stakeholder groups is to be able to evaluate each solution from the
perspective of each of these groups, following a more holistic, structured, and reproducible method.
[t also ensures that all relevant actors that are involved or may be impacted by the project are
considered. By presenting the key stakeholder groups, the parties that are most impacted by each KPI
can be highlighted. Chapter Error! Reference source not found. summarises D6.2 results, indicating
for each DEMO and project KPI identified the key stakeholder groups are concerned.

From the key stakeholders' listed below, the definition of customers and institutions are based on the
research paper (Pramangioulis et al. 2019). The DSOs, Flexibility Market Operator, the Resource
Aggregators and Producers stakeholders group definitions are aligned with the roles defined
EUniversal in the D2.2 (EUniversal D2.2, 2021).

- The DSOs are responsible to operate and manage the distribution electricity grid, with
specific responsibilities for flexibility markets added in the project (EUniversal D2.2
2021).

- The Flexibility Market Operator (FMO) as a transparent party is responsible for proving a
central service between buyers and sellers to facilitate the communication and
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coordination of all processes related to the procurement of capacity and/or energy bids
(EUniversal D2.2, 2021).

The Resource Aggregators (RA) is responsible for aggregating resources for usage by a
service provider for energy market services (EUniversal D2.2, 2021).

The Institutions group which includes policy, law and regulation bodies at the EU, national
and local level. This group is responsible for monitoring and enforcing the rules under
which the energy market is working. They are also responsible for linking the EU
regulations to the institutions at the national level (EUniversal D2.2, 2021).

Flexibility Service Providers (FSP) offers explicit flexibility services of one resource
managed by a Resource Provider or multiple resources aggregated by a Resource
Aggregator to system operators, directly via bilateral agreements or through market
operators.

o The Producer (P) is described in this project as a natural or legal person that
generates electricity (EUniversal D2.2, 2021).

o The Customers (or end-users) can have two kinds of roles, the role of a passive
user (consumers) or the role of an active user (prosumers). The end-user simply
consumes the energy from the electrical grid. The prosumer actively participates
in the energy.

While the TSOs may interact with the UMEI interface, the EUniversal project analysis is mainly
focused on the DSO level, therefore only the DSOs are being considered for these stakeholders’ groups.

3.3 KPI domains

The KPI domains or dimensions are defined to support the KPI identification. These categories also
allow to classify the KPIs into groups that monitor similar functions. It facilitates filtering and finding
the KPIs of particular interest for the reader. The KPIs categorised by domains can be found in
subchapter 5.3.

The domains used on the EUniversal project are the following:

Technical Domain is related to the KPIs measuring the technical performance such as the
fulfilment of voltage limits in the Polish DEMO.

Economic Domain is related with the KPIs are measuring the economic and regulatory
performance such as the costs of congestion management with flex Market vs Curtailment
in the German DEMO.

Environmental Domain includes the KPIs measuring the environmental impact such as the
reduction of CO; emissions from increased Renewable Energy Sources (RES) and
Distributed Energy Resources (DER) hosting capacity in the Portuguese DEMO.

Social Domain is related to the KPIs measuring the users' degree of satisfaction such as the
incentives used by the DSO to motivate the load shifting of energy consumed during the
day.

Throughout the completion of the task, an effort was put into not limiting the scope to KPIs in the

technical

domain, and include economic, environmental, and social KPIs. This allows for a better

overview and assessment of the impact of the DEMOs and the project.
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3.4 Conclusions of Chapter 3

Chapter 3 aimed at setting a solid foundation for the KPI identification and definition process. This
objective was fulfilled by reviewing the BUCs and EUniversal project specific objectives to ensure that
effectiveness and success of every BUC and SO can be quantitatively measured. In addition, key
parameters were defined such as the key stakeholder groups that will be impacted. Throughout the
completion of the task, there was a focus considering domains that went beyond the technical sphere.
This effort resulted in the definition of 3 economic, 1 social and 1 environmental KPIs, as will be
explained in more detail in the next chapters.
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4. EUniversal Project KPIs

The goal of Chapter 4 is to detail the results of the KPI identification and evaluation process of the
EUniversal Project KPIs. Then, Chapter 5 will present the results common and DEMO-specific BUC
KPIs. The KPI identification and definition effort is carried out after having analysed the EUniversal
project SOs and BUC objectives and solutions, and defined the key parameters needed. Figure 5
depicts a flowchart with the methodological steps followed for the KPI identification and evaluation
process detailed in Chapters 4 and 5.

Figure 6. KPI identification and evaluation process situated in the wider methodological context.

. 4

v v

7.2 Review publications Qutcome: preliminary

1-5 Foundation of KPI 7.1 Assess UC

identification and 3 and KPIs from existing iy list of categorised
definition solutions projecis 4 KPIs
6. Project KPI 7.3 Check KPIs
identification and proposed with project dgéﬂ%ﬁgglféemﬁze
evaluation partners P
Qutcome: Definition of
7. DEMO KPI 8. Identification of Common, Demo
identification common DEMO KPIs specific and Project
KPIs

End

A number of EUniversal project KPIs were preidentified in the project design process and presented
in the GA. These EUniversal KPIs aim to ensure that the anticipated project impacts are monitored
and accomplished. Table 6 presents these impacts, a summary description of what they entail and the
key work packages they relate to. These impacts reflect the energy systems need to evolve to integrate
increasing capacity, manage new load patterns and integrate market-based flexibility services.

Table 6. Main EUniversal Impacts and summary of what each one entails.
No Impact Name Summarised description WP

1 Enhance flexibility of EUniversal monitors and contributes to A WP 2, 3,4, 5
distribution grids which  the advancement of flexibility provided
are expected to operate by diverse technologies and activated
in an overall context of by various energy players.

The project enables the coordination of
flexibility services demonstrated in the
DEMOs that cost-effectively solve
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50% electricity
production from
renewables in 2030

Contributions for a well-
functioning electricity
market which creates
business case for
stakeholders willing to
provide such flexibility
and allow to sustain the
necessary investments.

Improve the capability to
manage future energy
loads including electrical
vehicles.

Guarantee security of
supply and the use of
flexibility products while
integrating large shares
of variable renewables
avoiding unnecessary
investments by solving
congestion.

network constraints. This enhanced
flexibility on the distribution grid will
impact the amount the RES that can be
integrated and result in avoidance or
deferring of unnecessary grid
investments.

EUniversal brings forward a
coordinated approach between the
management of the network, the
markets and the flexibility provision.
New business cases engage more
flexibility providers and energy system
stakeholders. New flexibility services
are standardised and contribute to deal
with the grid management and
maintenance. These are designed
according to the grid needs, technology
characteristics and market design
considerations.

EUniversal also tackles the short-term
repercussions of the presence of new
consumers such as EVs. The projects
approach aims at managing future new
loads by having them participate in the
system by trading energy and
providing flexibility services. For
example, the UMEI can enable smart
charging strategies.

To ensure energy availability and
reliability of the grid, EUniversal will
count with strategies such as
resilience-driven planning tools,
demonstration of predictive/proactive
grid management tools for MV and LV
networks to predict which hours/days
may present technical problems or a
distributed control strategy for LV
where observability is normally lower.
The strategies put forward contribute
to avoid significant grid investments.

WP1,23,4,5

WP 4,5

WP4
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To monitor and ensure that the impacts presented in Table 6 are accomplished, the EUniversal project
KPIs listed in Table 7 have been formulated. The table below presents which of the impacts each KPI
relates to, a preliminary expected amount and the relevant KPI domain. The EUniversal KPIs are
thoroughly defined in Annex 1.

Table 7. EUniversal project KPIs linked to their related impact.

EUniversal Project KPIs

No.

KPIID

KPI Name

Related
EUniversal
impacts

Expected
amount

Domain

EU_KPI_1

Increased RES and
DER hosting
capacity

1,2,3

>50%

Technical

EU_KPI_2

Increase of energy
storage solutions
penetration

1,2,3

Use-case
dependent

Technical

EU_KPI_3

Percentage of
SAIDI and SAIFI
improvement
using novel
methodology for
including grid
resilience metric
in planning and
operation of the
distribution grid

3,4

~60% compared
to scenario
without flexibility

Technical

EU_KPI_4

Number of
standardised
flexibility services
for distribution
grids provided by
DERs, storage,
microgrids or
energy
communities

1,2

>6

Technical

EU_KPI_5

Distribution grid
investment
avoidance or
deferral due to the
use of flexibility

>30%

Technical

EU_KPI_6

Reinforcement of
distribution
network resilience

~40%

Technical
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and flexibility to
extreme events
7 EU_KPI_7 The power of 1 / Technical
flexibility
activated by

energy players

The EUniversal KPI ‘The power of flexibility activated by energy players’ was defined in the GA. This
KPI will be measured by the following KPIs: CM 1-3 and PT_KPI 1 and PT_KPI 2 for long-term
flexibility. Therefore, it does not appear defined in the annexes as a separate KPI. Moreover, three
KPIs related to the SUCs have been identified. Annex 2 presents a summary of the SUCs in Table 18
and a list of the SUC KPIs in

Table 19. The detailed description and definition can be found in Deliverable 2.3.
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5. DEMO KPIs

Chapter 5 focuses on the DEMO KPI identification and results, corresponding to step 7 in Figure 6. In
step 7.1, each BUC solution is assessed from the perspective of every stakeholder group of interest for
every domain identified: technical, economic, environmental and social. The preliminary DEMO KPI
list resulting from this exercise and the review of the publications and KPI work from other H2020
projects (step 7.2) is iterated with the project partners to ensure all project participants endorse the
KPIs selected (step 7.3).

Chapter 5 is divided in two sections. Subchapter 5.1 presents the common KPIs that will serve to
compare and evaluate the success of the project as a whole. Subchapter 5.2 presents the DEMO-
specific KPIs, that depict the distinct items that each DEMO validates to be quantitatively evaluated
and monitored.

5.1 Common DEMO KPlIs

Once the iterated lists of DEMO specific KPIs were obtained, each pilot analysed the other DEMO KPIs,
and comprehensive and in-depth discussions resulted in an agreement on what are the common KPIs
to more than one DEMO, allowing for a complete evaluation and comparison of the pilots. Table 8 lists
the KPIs that are to be monitored by at least two demonstrators, their KPI domain, related impacts,
and associated BUC. Most of the common KPIs identified are adopted by the three DEMOs: Portuguese,
German, and Polish. The detailed information of the each common KPI identified can be found in
Annex 3.

Table 8. Common KPIs to two or three demonstrators, with the related impact, KPI domain and UCs.

No KPIID KPI name Related KPI BUC DEMOs
EUniversal domain
impact PT | DE | PL
1 CM_KPI_1 | Flexible 2 Technical | PT1, PT2, PT3, X X X
capacity vs. PT4
flexible
volume PL AP, PL RP
offered DE AP, DE RP
ratio
2 CM_KPI_2 | Flex 2 Technical | PT1, PT2, PT3, X X X
volume PT4
offered by
FSP vs. Flex PL AP, PL RP
request by DE AP, DE RP
DSO
3 CM_KPI_3 | Flex bids 2 Technical | PT1, PT2, PT3, X X X
accepted by PT4
DSO vs flex
volume PL AP, PL RP
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delivered DE AP, DE RP
by FSP
4 CM_KPI_4 | Avoided 1,3&4 Technical | PT1, PT2, PT3, X X
Restrictions PT4
DE AP, DE RP
5 CM_KPI_5 | Voltage 4 Technical | PT1, PT2, X X
Magnitude
Prediction PT3,PT4
Error DE AP, DE RP

5.2 DEMO specific KPIs

Subchapter 5.2 presents the results from the DEMO-specific KPI identification process. The approach
followed to obtain a preliminary list of KPIs was adapted from the research paper (Pramangioulis et
al. 2019) to fit the EUniversal project and make it more thorough and suitable for both DEMO and
project KPIs. In addition, apart from what is proposed in the study, publications and KPIs defined in
other research projects were reviewed to incorporate the expertise and learnings from previous
H2020 projects. The deliverables and publications that were found most useful can be found in
Chapter 3.1.1.

5.2.1 Portuguese DEMO

Table 9 lists the KPIs identified for the PT demonstrator, indicating the BUC and KPI domain each KPI
relates to. It also depicts which of the expected impacts summarised in Table 6 the four KPIs tackle.
The detailed templates with the KPI information can be found in Annex 4. Moreover, the WP7
deliverables focus on the distinct aspects of the PT DEMO. Since this is only demonstrator where long-
term flexibility markets will be demonstrated, four DEMO-specific KPIs were defined.

The KPI_PT_01 intends to quantify the amount of flexibility the DSO contracts for planning purposes,
considering 3 years horizon, deferring grid investment (PT_BUC_04). The KPI_PT_02 will assess what
is the proportion between the flexibility reserved, both for planned maintenance and for long term
grid planning, and the flexibility activated. The KPI_PT_03 will quantify the variation in CO2 emissions
from increased RES and DER hosting capacity assuming that this increase will imply a reduction in
the production of electricity from non-renewable sources. The KPI_PT_04 will measure the FSP’s
absolute variation of electricity consumption. It is intended that the variation will be close to zero,
because it is only expected a change in the consumption patterns, shifting consumption periods.
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Table 9. DEMO specific KPIs to the PT DEMO, each linked to the relevant related impacts, KPI domains and UCs.

Portuguese DEMO
No. KPIID KPI Name Related KPI Domain Use Case
EUniversal
impacts
1 PT_KPI 01 Amount of flexibility the 1,3,4 Technical PT4

DSO contracts for
planning purposes

2 PT_KPI 02 Ratio of flexibility the 2 Economic PT3, PT4
DSO activates from
reserved services

3 PT_KPI_03 CO2 emissions from 1 Environmental | PT1, PT2, PT3,
Increased RES and DER PT4
hosting capacity
4 PT_KPI_04 Energy consumption 2 Social PT1, PT2, PT3,
PT4

5.2.2 German DEMO

Table 10 lists the KPIs identified for the German DEMO, linking them to the relevant UCs and KPI
domains. It also presents, which of the expected impacts summarised in Table 6 each KPI tackles. The
detailed templates with the information on each KPI can be found in Annex 5. Moreover, the WP8
deliverables focus on the distinct aspects of the German pilot.

The first German DEMO specific metric contains the comparison of flexibility trading with the
conventional curtailment of DER in case of congestions in DE_KPI_01 to get an overview of the
economic effect of flexibility markets. In addition, since the German DEMO process is intended to be
iterative to comply with the Redispatch 2.0 process, the time frame from identifying the technical
constraint to finding an optimized solution is measured in DE_KPI_02.

In order to be able to determine the forecast quality, the number of correct and incorrectly predicted
congestions are calculated in DE_KPI_03 and DE_KPI_04. And last but not least, the accuracy of the
baseline is also evaluated in DE_KPI_05 as it forms the basis for a theoretical curtailment.
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Table 10. DEMO specific KPIs to the DE DEMO, each linked to the relevant related impacts, KPI domains and UCs.

German DEMO
No. KPIID KPI Name Related KPI Domain Use Case
impact

1 DE_KPI 01 Costs of Congestion 1&2 Economic DE AP, DE RP
Management with flex
Market vs. Curtailment

2 DE_KPI_02 Cycle Time DSO process 4 Technical DE AP, DE RP

3 DE_KPI 03 Share of correctly 4 Technical DE AP, DE RP
forecasted congestions

4 DE_KPI_04 Share of false positive 4 Technical DE AP, DE RP
congestion forecasts

5 DE_KPI_05 Baseline accuracy 2&3 Technical DE AP, DE RP

5.2.3 Polish DEMO

Table 11 lists the KPIs identified for the PL DEMO, linking them to the relevant BUCs and KPI domains.
In addition, it presents, which of the expected impacts summarised in Table 6 each KPI addresses. The
detailed templates with the information on each KPI can be found in Annex 6. The WP9 deliverables

focus on the distinct aspects of the Polish pilot.

Polish DEMO is the only demonstrator where flexibility services offered by the DSO for 110 kV lines
congestion mitigation purposes on High Voltage (HV) level will be tested. The KPI_PL_01 “RES
generated energy above connection agreement value” is dedicated to quantifying this BUC

(PL_BUC_03).

KPI_PL_02, 03 and 04 are dedicated to PL FS “Voltage Control with the use of flexstation solutions”.
They are used to quantify the increased observability of the network, ensure of keeping the voltage
level in the acceptable range and increase the connection capacity of LV network.

Table 11. DEMO specific KPIs to the PL DEMO, each linked to the relevant related impacts, KPI domains and UCs.

Polish DEMO
No. KPIID KPI Name Related KPI Domain BUC
impact
1 PL_KPI_01 RES generated energy 2 Technical PLDLR
above connection
agreement value
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2 PL_KPI_02 Monitoring information Technical PL FS
categories

3 PL_KPI_03 Increased local PV hosting Technical PL FS
capacity

4 PL_KPI_04 Fulfilment of voltage limits Technical PL FS

5.3 Results summary

Subchapter 5.3 aims to summarise the KPI identification results of the Task 6.2 in a comprehensive
and holistic manner, with the definition and details of the KPIs found in Annexes 2-6. This subchapter
contains a complete list of KPIs with the corresponding stakeholder groups of interest, categorised
per domain: technical, social, environmental, and economic, in Table 13,

Table 14, Table 15 and Table 16 respectively. Table 12 presents the symbols for each stakeholder
group explained above in subchapter 3.2. As mentioned in Chapter 2, KPIs related to the market
mechanisms will be found in WP5, and SUC KPIs classification and definition templates will be
depicted in D2.3. Nonetheless, all other project and DEMO KPIs are included in this list.

Table 12. Key of stakeholder group icons to include in summary tables of KPIs classified per KPI domain.

Icon

Stakeholder group

Institutions

Customers

DSOs

Flexibility Market operators

Producers

Resource Aggregators

Page 35 de 114



'|" =Universal

UMEI

Table 13. Summary table of technical KPIs

Technical KPIs

DEMO (s)

KPIID

Name of KPI

Relevant
stakeholder(s)

DE DEMO

DE_KPI_2

Cycle Time
DSO process

Ty

DE DEMO

DE_KPI_3

Share of correctly
forecasted
congestions

e

DE DEMO

DE_KPI 4

Share of false positive
congestion forecasts

DE DEMO

DE KPI_5

Baseline accuracy

PL DEMO

PL_KPI_1

RES generated energy
above connection
agreement value

PL DEMO

PL_KPI_2

Monitoring
information
categories

PL DEMO

PL_KPI_3

Increased local PV
hosting capacity

PL DEMO

PL_KPI 4

Fulfilment of voltage
limits

PT, DE and PL DEMO

CM_KPI_1

Flexible capacity vs.
flexible volume
offered ratio

PT, DE and PL DEMO

CM_KPI_2

Flex volume offered
by FSP vs. Flex request
by DSO

O iigRge

PT, DE and PL DEMO

CM_KPIL_3

Flex volume delivered
by FSP vs. Flex bids
accepted by DSO

W Tr e

PT, DE and PL DEMO

CM_KPI_4

Avoided Restrictions

{o} T Tt
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PT, DE and PL DEMO

CM_KPI_5

Voltage Magnitude
Prediction Error

Project KPI

EU_KPI_1

Increased RES and
DER hosting capacity

Project KPI

EU_KPI_2

Increase of energy
storage solutions
penetration

Project KPI

EU_KPI_3

Percentage of SAIDI
and SAIFI
improvement using
novel methodology for
including grid
resilience metric in
planning and
operation of the
distribution grid

Project KPI

EU_KPI_4

Number of
standardised
flexibility services for
distribution grids
provided by DERs,
storage, microgrids or
energy communities

Project KPI

EU_KPI_5

Distribution grid
investment avoidance
or deferral due to the
use of flexibility

Project KPI

EU_KPI_6

The power of
flexibility activated by
energy players

Project KPI

EU_KPI_7

Reinforcement of
distribution network
resilience and
flexibility to extreme
events
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Table 14. Summary table of social KPIs

Social KPIs

Demo (s) KPIID Name of KPI Relevant

stakeholder(s)
PT DEMO PT_KPI_4 Energy consumption ﬁa
Table 15. Summary table of economic KPIs
Economic KPIs

Demo (s) KPIID Name of KPI Relevant

stakeholder(s)

DE DEMO DE KPI 1 Cost of Congestion R
— -l
Management with Flex @ @ ﬁ

Market Vs Curtailment

PT DEMO PT_KPI_1 Amount of flexibility "kT
the DSO contracts
for planning purposes

PT DEMO PT KPI_2 Ratio of flexibility
the DSO activates
from reserved
services

Table 16. Summary table of environmental KPIs

Environmental KPIs

Demo (s) KPIID Name of KPI Relevant
stakeholder(s)
PT DEMO PT_KPI_3 CO2 emissions from
Increased RES and
DER hosting capacity
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6. Conclusions

The aim of this deliverable is to present the KPIs indentified and defined for the EUniversal DEMO
sites in Portugal, Germany and Poland, as well as the project as a whole. This objective has been
fulfilled by following a structured and reproducible methodology that has also been presented in this
report. Follow this step-by-step approach has resulted in the identification of 24 KPIs, divided in three
categories:

- EUniversal project KPIs: 6 KPIs in the technical domain that serve to evaluate the impacts of
the H2020 call.

- DEMO KPIs - common KPIs: 5 KPIs, also classified in the technical domain, common to more
than one pilot for comparison and evaluation of the project’s success.

- DEMO specific KPIs: 13 KPIs that validate the items each particular demonstrator is tackling.

o PT DEMO: 4 KPIs, 1 environmental, 2 economic and 1 social KPI.

o DE DEMO: 5 KPIs, 4 technical and 1 economic KPI.
o PLDEMO: 4 KPIs, all in the technical domain.

The KPIs identified are defined in detail in the templates found in the annexes. The KPIs defined cover
the 11 EUniversal SOs as is presented in Table 17.

Table 17. EUniversal specific objectives linked to the relevant KPIs.

SO SO description KPIID
number
SO1 To create a standard, adaptable and PT_KPI_1, PT_KPI_2,

modular market-enabling interface to link
smart grids to flexibility markets and to
coordinate the actions with commercial
parties and TSOs

S02 To increase grid flexibility through the EU_KPI_1, EU_KPI_4
development of new flexibility services and CM_KPL 1, CM_KPI 2

tools in a multi-energy system scenario
PT_KPI_1, PT_KPI_2, PT_KPI_3,

PT_KPI_4
DE_KPI_2
PL_KPI_1
SO3 To incentivise market flexibility by defining | CM_KPI_1, CM_KPI_2, CM_KPI_3
the.ap.proprlate market mechamsrps t_o PT KPL1PT KPL 2, PT_KPL 4
optimise the procurement and activation of
new flexibility services for grid operation DE_KPI_1
S04 To optimise network planning and EU_KPI_2, EU_KPI_5, EU_KPI_6

operation ‘pased on available ﬂexibil.ity both PT KPL1, PT KPL 2, PT KPI 4
from the grid and market-based services.
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SO5

To reduce technical restrictions in the
operation of the networks by improving
control and observability of the distribution
system and further reliance on flexibility
services

CM_KPI_4, CM_KPI_5
PT_KPI_1, PT_KPI_2,
DE_KPI_3, DE_KPI 4
PL_KPI 2, PL_KPI_3, PL_KPI_5

S06

To increase the resilience of the grids by
implementing adaptive/self-healing schemes
for distribution networks, notably in the
advent of extreme climate events.

EU_KPI_3, EU_KPI_7

SO7

To establish new criteria for network
investment and for operational planning
both in normal and emergency operation -
taxonomy, procedures and performance
metrics

EU_KPI_2, EU_KPI_5, EU_KPIL_6,
EU_KPI_7

PT_PT_1, PT_KPI_2, PT_KPI_4

SO8

To establish the main pillars of business
model archetypes for smart grid solutions
and for the market-driven flexibility
activation considering potential users, value
proposition, value chain and profit model.

DE _KPI_5
PT_KPI_1, PT_KPI_2, PT_KPI 4

S09

To reduce the gap between future scenarios
in which the EUniversal context is expected to
operate and current situation by defining a
set of long-term vision that clarify the future
operating context.

PT_KPI_1, PT_KPI_2,

S010

To enable collaborative engagement of the
EUniversal ecosystem assessing the
interaction between market agents, DSOs and
TSOs.

PT_KPI_1, PT_KPI_2, PT_KPI_4

SO11

To guarantee replicability and scalability of
EUniversal solutions by analysing technical
and non-technical boundaries, including
regulation, and to adapt to the use cases, KPIs
and the future scenarios defined.

PT_KPI_1, PT_KPI_2,

Page 40 de 114




" =Universal
‘ UMEI

7. External Documents

Coordinet. 2020. “D1.6 - List of KPIs : KPI and Process of Measures,” no. 2019.
https://ec.europa.eu/research/participants/documents/downloadPublic?documentlds=0801
66e5c657a270&appld=PPGMS.

EUniversal D2.2. 2021. “Business Use Cases to Unlock Flexibility Provision,” no. 864334.
Grid4EU. 2020. “Project KPIs Definition and Measurement Methods.”

Integrid. 2020. “Preparation and Monitoring of Demonstration Activities - Report from the Joint
Monitoring of Demos,” no. 731218.

PlatOne. 2020. “Project KPIs Definition and Measurement Methods,” no. 864300: 1-115.
https://platone-h2020.eu/Project/Deliverables.

Pramangioulis, Dionysios, Konstantinos Atsonios, Nikos Nikolopoulos, Dimitrios Rakopoulos,
Panagiotis Grammelis, and Emmanuel Kakaras. 2019. “A Methodology for Determination and
Definition of Key Performance Indicators for Smart Grids Development in Island Energy
Systems.” Energies 12 (2): 1-22. https://doi.org/10.3390/en12020242.

UpGrid. 2020. “Scope and Boundaries of Project Demonstrations D1.4 R2 Report on Common KPIs.,”
no. 646531: 1-172. http://upgrid.eu/wp-
content/uploads/2018/01/151104_UPGRID_WP1_D14_KPIs_v14_final.pdf.

Page 41 de 114



UMEI

'r' =Universal

Annex 1 - EUniversal Project KPIs

Annex 1.1 - EU_KPI_1 - Increased RES an EV hosting capacity
BASIC KPI INFORMATION
KPI Name Increased RES and EV hosting capacity KPIID EU_KPI_1
Strategic SO2 - To increase grid flexibility through the development of new flexibility
Objective(s) services and tools in a multi-energy system scenario.
DEMO where | All (analysis at project level - Scalability and replicability analysis)
KPI applies
UC where KPI | General to project objectives
applies if any
KPI This KPI measures the expected increase in distribution network hosting
Description capacity (expressed in kW or MW) for RES and EV integration, enabled by the
implementation of new market-based flexibility services as well as advanced
tools for improved network long-term and short-term operation planning tools.
KPI Formula | The KPIis calculated in percentage of additional RES/DER that can be connected
to the grid above the Business as Usual (BAU) scenario:
HCgyni — HC
IHC% — EUniversal BAU .100%
HCpay
Where:
[HC%: Increase of expected hosting capacity of RES/DER when EUniversal
framework are applied with respect to BAU scenario.
HCguniversal: additional hosting capacity of RES/DER when EUniversal framework
are applied with respect to currently connected generation (kW or MW).
HCgau: additional hosting capacity of RES/DER in BAU scenario applied with
respect to currently connected generation (kW or MW).
Unit of %
measurement
Target / >50%
Thresholds
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Reporting Yearly
Period

Reporting Public/EUniversal
Audience and
Access Rights

OTHER /
(please

specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[EU_KPI_1] 1 Define baseline conditions: load Comillas, with contributions from

conditions, existing generation
capacity, grid operational limits
(voltage, thermal limits), resources to
be considered as a baseline (OLTCs,
capacitor banks, DG power factor
control, etc.)

DEMO leaders and WP4 partners
(to ensure consistency among
operational /planning criteria
considered)

[EU_KPI_1] 2 Identify critical buses of the grid and
define DG/EV upscaling strategy:
locating all additional capacity in the
most critical bus would provide a
lower bound of this KPI (pessimistic
assumption), whereas other
allocation criteria would yield higher
value of the KPI

Comillas

[EU_KPI_1] 3 Compute baseline HC through
simulations

Comillas

[EU_KPI_1] 4 Define grid/flexibility scenarios for
HC computation: number and location
of flexibility providers,
active/reactive power control,
available operational tools to support
grid operation (e.g. DLR,
reconfiguration)

Comillas, with contributions from
DEMO leaders and WP4 partners
(to ensure consistency among
operational /planning criteria
considered)

[EU_KPI_1] 5 Define DER scenarios for HC
computation: DG/EV sizes, location,

Comillas
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technologies, single phase/three

phase connections, etc.
[EU_KPI_1] 6 Compute HC for each relevant Comillas

EUniversal scenario through

simulations
[EU_KPI_1] 7 Calculate KPI value Comillas
KPI DATA COLLECTION
Data Data Methodolo- | Source/Tools/ | Location | Frequen- | Data

ID gy for data | Instruments of Data cy of data | collection
collection for Data collection | collection | responsible
collection
Network | HCgay Simulation NA NA Once per | Comillas
hosting analyses grid and
capacity scenario
in BAU
scenario
Network | HCgunive | Simulation NA NA Once per | Comillas
hosting rsal analyses grid and
capacity scenario
in
EUnivers
al
scenario
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition
X

Details of The baseline would be determined through simulations by considering current
Baseline load and generation conditions.
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The hosting capacity would be calculated for the more demanding operational
scenarios identified in each case (e.g. minimum load and maximum generation, or
highest coincident EV charging load).

Current DSO operational practices (use of OLTCs, DG power factor control, etc.)
and operational criteria (thermal limits, maximum and minimum admissible
voltages) will be considered in the baseline.

After defining the DG/EV upscaling rules (pessimistic or other), DG/EV
penetration levels will be increased until the first network element reaches an
operational limit.

Responsible
(Name,
Company) for
Baseline

Comillas, contribution from DEMO leaders

Annex 1.2 - EU_KPI_2 - Increase of energy storage solutions

penetration

BASIC KPI INFORMATION

KPI Name Increase of energy storage solutions penetration KPIID EU_KPI_2

Strategic S04 - To optimise network planning and operation based on available flexibility

Objective(s) | both from the grid and market-based services.
SO7 - To establish new criteria for network investment and for operational
planning both in normal and emergency operation - taxonomy, procedures and
performance metrics

DEMO where | All (analysis at project level — Scalability and replicability analysis)

KPI applies

UC where KPI | General to project objectives

applies if any

Owner Comillas in the context of T10.3
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KPI This KPI measures how much storage capacity is used to avoid grid constraints
Description depending on several other parameters (grid characteristics, RES penetration,
BESS location, availability from other flexibility sources, etc.).
KPI Formula | The KPIis calculated as the additional storage capacity, both in power (kW) and
energy (kWh), needed to avoid grid constraints.
ASCrw /kwn = SCeuniversat — SCpau
This KPI is not expressed as a percentage of the storage capacity in the BAU as
this value will likely be zero in many scenarios. In order to enable comparisons,
the storage capacity may be expressed as a percentage of a fixed value such as
the peak demand in the area (kW), the transformation capacity of the upstream
substation (kWh) or the annual electricity consumption in the area.
ASC
ASCy = — KW /kWh
Fixed valuegy kwn
Unit of kW, kWh, %
measurement
Target / Use-case dependent
Thresholds
Reporting Could be presented in a yearly basis
Period
Reporting Public/EUniversal/
Audience and
Access Rights
OTHER /
(please
specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[EU_KPI_2] 1 Define baseline conditions: load | Comillas, with contributions from DEMO

conditions, existing generation
capacity, grid operational limits
(voltage, thermal limits),
resources to be considered as a

leaders and WP4 partners (to ensure
consistency among
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baseline (OLTCs, capacitor operational /planning criteria
banks, DG power factor control, | considered)
etc.)
[EU_KPI_2] 2 Define baseline storage Comillas, contribution from DEMO
capacity (if applicable) leaders, contribution from T3.3
[EU_KPI_2] 3 Define evaluation scenarios for | Comillas, with contributions from DEMO
ASC computation: number and | leaders and WP4 partners (to ensure
location of flexibility providers, | consistency among
active/reactive power control, | operational/planning criteria
available operational tools to considered)
support grid operation (e.g.
DLR, reconfiguration)
[EU_KPI_2] 4 Compute ASC for each relevant | Comillas
EUniversal scenario through
simulations
[EU_KPI_2] 5 Calculate KPI value Comillas
KPI DATA COLLECTION
Data DataID Methodo- | Source/Tools/ | Loca- Frequen- | Data
logy for Instruments tion of | cy of data | collection
data for Data Data collection | responsi-
collection | collection collec- ble
tion
Storage SCpav DSO NA NA Once per Comillas/
capacity in BAU systems grid and DEMO
scenario scenario leaders
Storage SCruniversal Simulation | NA NA Once per Comillas
capacity in analyses grid and
EUniversal scenario
scenario
Fixed reference | Fixed DSO NA NA Once per DEMO
value for valueiwwwn | sSystems grid and leaders/
storage scenario Comillas
capacity
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KPI BASELINE

Source of
Baseline
Condition

LITERATURE VALUES

COMPANY HISTORICAL
VALUES

X

VALUES MEASURED
DURING THE PROJECT

Details of
Baseline

Existing or expected storage capacity in the grid

Responsible
(Name,
Company)
for Baseline

Comillas, contribution from DEMO leaders, contribution from T3.3

Annex 1.3 - EU_KPI_3 - Improvement on distribution network
continuity of service

BASIC KPI INFORMATION

KPI Name Improvement on distribution network continuity of service | KPIID EU_KPI_3
Strategic S04, SO6, SO7

Objective(s)

DEMO where | All (analysis at project level — T4.4)

KPI applies

UC where KPI

General to project objectives

considering improved planning methodologies and new service restoration

strategies, allowing the islanded operation.

applies if any

Owner INESC TEC and CYP

KPI EUniversal framework aims at improving network reliability and resilience
Description against extreme events, taking advantage of the flexibility of RES and DER and
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KPI Formula

Reliability improvements will be determined though SAIDI, SAIFI and CAIDI and
Energy Not Delivered (END).

The improvement in SAIDI can be calculated as follows:

SAIDI i —SAIDI i
ASAIDI% — EUniversal baseline , 100%
SAIDIpgseline

Where,

Customer Minutes of Interruption
SAIDI = h/consumer
Total Numver of Consumers Served

The improvement in SAIFI can be calculated as follows:

SAIFI i —SAIFI i
ASAIFI% — EUniversal baseline 100%
SAIFIpgseline

Where,

Y. Total Number of Customers Interrupted )
SAIFI = interruption
Total Numver of Consumers Served

/consumer

The improvement in CAIDI can be calculated as follows:

CAIDI i —CAIDI i
ACAIDI% — EUniversal baseline 100%
CAIDIpgseline

Where,

Y. Customer Minutes of Interruption . .
CAIDI = h/ interruption
Total Numver of Consumers Interrupted

The improvement in the Energy not supplied (ENS)

ENS i —ENS i
AENS% — EUniversal baseline , 100%
ENSpaseline

Unit of
measurement

% percentage basis

Target /
Thresholds

SAIF], SAIDI and CAIDI (>20%)

ENS (>40%)
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Reporting Yearly

Period

Reporting Public/EUniversal/DEMO

Audience and

Access Rights

OTHER Indicate specifics of Reporting Audience and Access Rights if OTHER (please
(please specify) was marked above.

specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible

Methodology ID

[EU_KPI_3] 1 Define baseline conditions: load conditions, CYP with contributions
existing generation capacity, grid operational from DEMO leaders and
limits (voltage, thermal limits), resources to be | INESC TEC.
considered as a baseline (OLTCs, capacitor
banks, DG power factor control, etc.). Collect
historical continuity of service indicators
(SAIF], SAIDI, CAIDI).

[EU_KPI_3] 2 Define baseline for network reliability. CYP and INESC TEC in

the context of T4.4.

[EU_KPI_3] 3 Define evaluation scenarios for reliability CYP and INESC TEC in
analysis: representativeness of the network the context of T4.4.
analysed, number and location of flexibility
providers, available operational tools to
support grid operation (e.g. DLR,
reconfiguration). Perform network reliability
analysis.

[EU_KPI_3] 4 Compute SAIFI, SAIDI and CAIDI for each CYP and INESC TEC in
relevant EUniversal scenario through the context of T4.4.
simulations.

[EU_KPI_2] 5 Calculate KPI value CYP and INESC TEC in

the context of T4.4.
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KPI DATA COLLECTION

Data Data ID Methodo- | Source/Tools/ | Location Frequen- | Data
logy for Instruments of Data cy of data | collection
data for Data collection | collection | responsi
collection | collection ble

Network | SAIDIyqse1ine | Simulation | NA NA Once per UCY and

reliability analyses grid and INESC

indexes SAIFygsetine scenario TEC

baseline

(SAID], CAIDIygsetine

SAIF],

CAIDI)

Network | SAIDIgyni, | Simulation | NA NA Once per | UCY and

reliability analyses grid and INESC

indexes SAIFIgyniv scenario TEC

EUniver-

niver CAIDIEUniv

sal

scenario

(SAIDI,

SAIF],

CAIDI)

KPI BASELINE

Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED

Baseline VALUES DURING THE PROJECT

Condition

X

Details of The baseline would be determined through simulations by considering current

Baseline and future load and generation conditions, within the simulation scenario.

Responsible | UCY and INESC TEC considering the results of the tools obtained in Task 4.4.

(Name,

Company)

for Baseline
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Annex 1.4 - EU_KPI_4 - Number of standardised flexibility
services for distribution grids provided by DERs, storage,
microgrids or energy communities

BASIC KPI INFORMATION
KPI Name Number of standardised flexibility services for | KPIID EU_KPI 4
distribution grids provided by DERs, storage, microgrids
or energy communities
Strategic S02
Objective(s)
DEMO where | All (D2.1 and WP7-9)
KPI applies
UC where KPI | General to project objectives
applies if any
KPI This KPI measures the number of flexibility services enabled by EUniversal
Description solutions and demonstrated within the 3 pilots.
KPI Formula . Numbe_r of standardized flexibility services defined within the project
(resulting from D2.1)
e Number of standardized flexibility services demonstrated in Portuguese
DEMO
e Number of standardized flexibility services demonstrated in German
DEMO
o Number of standardized flexibility services demonstrated in Polish
DEMO
Unit of Absolute value
measurement
Target / >6
Thresholds
Reporting n.a.
Period
Reporting Public/EUniversal/DEMO
Audience and
Access Rights
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OTHER /
(please
specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[EU_KPI 4] 1 Count the number of flexibility services effectively DEMO leaders
tested in EUniversal project
KPI DATA COLLECTION
Data Data Methodology | Source/Tools/ | Location | Frequency | Data
ID for data Instruments of Data of data collection
collection for Data collection | collection | responsible
collection
Datato | N_Flexi | N.A N.A N.A N.A DEMO leaders
collect | bilityS
ervices
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED AT
Baseline VALUES START OF PROJECT
Condition
X
Details of Baseline corresponds to the number of flexibility services that could already be
Baseline implemented at the kick-off of the project. In the case of EUniversal project no
implementation of local flexibility trading was in place, so the baseline is null.

Responsible | DEMO leaders
(Name,
Company)
for Baseline
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Annex 1.5 -

EU_KPIL_5 - Distribution grid investment avoidance

or deferral due to the use of flexibility

BASIC KPI INFORMATION

KPI Name

Distribution grid investment avoidance or deferral due to | KPIID EU_KPI_5
the use of flexibility

Strategic S04, SO7

Objective(s)

DEMO where | All (considering the case studies established in T4.4.)
KPI applies

UC where KPI

General to project objectives

applies if any

KPI The satisfaction of load increase requires an expansion of distribution assets in

Description order to avoid violation of technical operating limits (e.g., overloaded transformers
and lines, typically at urban networks, and voltages, typically at rural networks).
Network expansion planning considering the connection of DER can defer
investments in distribution assets, since load can be satisfied locally up to a certain
amount.

KPI Formula | The present value (PV) of deferred investment is given by:

IC
eP+T

PV (1) =

Where,

IC: investment cost,
T: deferral time

p: interest rate.

The network planning KPI, named as Deferred Distribution Capacity Investment -
DDCI, can be calculated as follows Error! Reference source not found.:

NRC —NRC i
DDCI — BAU EUniversal
NRCgay

Where,

NRCgau: net present value of the network reinforcement cost for the BAU
scenario,

NRCsensisLe: net present value of the network reinforcement cost for the
EUniversal scenario.
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Unit of
measurement

% percentage

Target /
Thresholds

From 10-20%

Reporting
Period

Yearly

Reporting
Audience and
Access Rights

Public/EUniversal/DEMO

OTHER
(please

specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[EU_KPI_5] 1 Define baseline conditions: load conditions, CYP with contributions
existing generation capacity, grid operational | from DEMO leaders and
limits (voltage, thermal limits), resources to INESC TEC.
be considered as a baseline (OLTCs, capacitor
banks, DG power factor control, etc.). Define
BAU investment plan for the network.
[EU_KPI_5] 2 Define baseline for network investment CYP and INESC TEC in the
context of T4.4.
[EU_KPI_5] 3 Define evaluation scenarios for investment CYP and INESC TEC in the
planning: representativeness of the network | context of T4.4.
analysed, number and location of flexibility
providers,
[EU_KPI_5] 4 Compute investment deferral by considering | CYP and INESC TEC in the
participation of flexibility through long-term | context of T4.4.
services.
[EU_KPI_5] 5 Calculate KPI value CYP and INESC TEC in the

context of T4.4.
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KPI DATA COLLECTION
Data DatalD | Methodo- Source/Tools/ | Loca- | Frequen- | Data

logy for Instruments tion of | cy of data | collection

data for Data Data collection | responsi

collection collection collec- ble

tion
NPC of NRCg,y | Simulation NA NA Once per UCY and
network grid and INESC
reinforcement scenario TEC
BAU
NPC of NRCgyniy | Simulation | NA NA Onceper | UCY and
network grid and INESCTEC
reinforcement scenario
Eunviersal
scenario
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED AT
Baseline VALUES START OF PROJECT
Condition
X
Details of BAU consists in the distribution network at the reference year with the
Baseline investments in distributed generation (location and size) within the planning
horizon.

Responsible | INESC TEC and CYP
(Name,
Company)
for Baseline
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Annex 1.6 -

EU_KPI_6 - Reinforcement of distribution network

resilience and flexibility to extreme events

BASIC KPI INFORMATION

KPI Name

Reinforcement of distribution network resilience and | KPIID EU_KPI_7

flexibility to extreme events

Strategic S06, SO7

Objective(s)

DEMO where | All (analysis at project level - T4.4)
KPI applies

UC where KPI

General to project objectives

applies if any
KPI EUniversal framework aims at improving network reliability and resilience against
Description extreme events, taking advantage of the flexibility of RES and DER and considering

improved planning methodologies and new service restoration strategies, allowing the
islanded operation.

While reliability is a well-established concept and can be measured and benchmarked
using the expected, or average, network performance indicators (such as Expected
Energy Not Supplied), metrics capable of quantifying the effect of high-impact low-
probability events (or “tail risks” as defined in recent literature, such as the 2021
“Climate Resilience” report by IEA) are needed for resilience assessment and
quantification. The metrics Value at Risk (VaR), or Conditional Value at Risk (CVaR) are
emerging as suitable metrics for resilience purposes, as they are capable of measuring
the impacts of the events in the tail of the probability distribution of network
performance metrics, such as Energy Not Supplied. The figure below shows an
illustration of this concept.

Probability

Mean = fnx-f(x) dx CVaR = :li—ajnx‘}'(x) dx

F o
o
‘J.—af=f flx) dx

/

i : x=ENS
Mean z CVaR o
(EENS) (VaR)
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KPI Formula | Regarding improvement in network resilience:

Resilience improvement will be determined through the conditional value of Expected

Energy Not Supplied (CEENS).

The improvement in CEENS can be calculated as follows:

CEENSgyni — CEENS ;
ACEENS% — EUniversal baseline 100%
CEENSbaseline
where CEENS is calculated as below (as shown in figure above):
1 D
CEENS = —— d
] re

where 1-a indicates the size of the considered set of worst cases (usually set to 95%,

hence a=5%) and f{x) is the probability distribution of energy not supplied
Unit of % percentage basis
measurement
Target / CEENS, >30%
Thresholds
Reporting yearly
Period
Reporting Public/EUniversal/DEMO
Audience and
Access Rights
OTHER Indicate specifics of Reporting Audience and Access Rights if OTHER (please specify) was
(please marked above.
specify)
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KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[EU_KPI_7] 1 Define baseline conditions: load conditions, CYP with contributions

existing generation capacity, grid operational from DEMO leaders and
limits (voltage, thermal limits), resources to be | INESC TEC.

considered as a baseline (OLTCs, capacitor
banks, DG power factor control, etc.). Collect
historical data related to extreme events and
continuity of service indicators (SAIFI, SAIDI,

CAIDI).
[EU_KPI_7] 2 Define baseline for network resilience. CYP and INESC TEC in
the context of T4.4.
[EU_KPI_7] 3 Define evaluation scenarios for resilience CYP and INESC TEC in
analysis: representativeness of the networks the context of T4.4.

analysed, type of events to be considered,
number and location of flexibility providers,
available operational tools to support grid
operation (e.g. DLR, reconfiguration). Perform
network resilience analysis.

[EU_KPI_7] 4 Compute resilience metrics EUniversal CYP and INESC TEC in
scenario through simulations. the context of T4.4.
[EU_KPI_7] 5 Calculate KPI value CYP and INESC TEC in

the context of T4.4.

KPI DATA COLLECTION

Data Data ID Methodo- | Source/Tools/ | Loca- Frequen- | Data
logy for Instruments tion of | cy ofdata | collec-
data for Data Data collection | tion
collection | collection collec- respon-

tion sible

Expected | CEENS, se1ine | Simulation | NA NA Once per UCY and

Energy grid and INESC

Not scenario TEC

Supplied

Page 59 de 114



UMEI

'r' =Universal

Expected | CEENSgyniversq; | Simulation | NA NA Once per | UCY and
Energy grid and INESC
Not scenario TEC
Supplied
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition

n.a n.a n.a
Details of The baseline would be determined through simulations by considering current
Baseline and future load and generation conditions, within the simulation scenario.
Responsible | UCY and INESC TEC considering the results of the tools obtained in Task 4.4.
(Name,
Company)
for Baseline
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Annex 2 - System Use Cases KPIs

Table 18. System Use Case summary table

SUC SUMMARY TABLE

SucC SUC name Scope and main objective

no.

1 Grid expansion planning activities The main goal of the use case is to identify,
considering long-term flexibility characterize and quantify the technical and
services economic effectiveness of such flexibility services

when compared with the traditional grid
investments, so as to contract long-term flexibility
services as an alternative to the traditional
distribution grid investment solutions.

2 Congestion management This use case intends to use flexibility services in
considering flexibility needs in MV maintenance operation planning. This will increase
network for planned maintenance the security of operation, considering improved

congestion and voltage management capacity, as
well as the possibility of operating the network in
islanded mode.

3 Coordinating flexibility need The main goal of this system use case is to promote
identification and mobilization a coordinated operation between MV and LV
between LV and MV network network, considering the mobilization of both MV

and LV flexible resources.

4 Day-ahead congestion management | This use case aims to enable the cost-effective use
considering flexibility needs in MV of market enabled flexibility for solving MV
network congestion problems, that can arise as a result of

the variability of generation and load connected in
MV distribution networks.

5 Estimating LV voltage magnitude The objective of this system use case is to provide
based on historical data and load the most likely state of the network in real time and
forecasts for the next few hours, relying exclusively on data

(measurements) and without resorting to grid
topology or electrical characteristics.

6 Day ahead congestion forecasting Describes the operation of the LV grid day ahead

congestion forecasting tool, to be used within the
EUniversal German pilot. Output is information on
the risk for congestion, per feeder and transformer,
day ahead and per quarter hour time step.

7 Voltage control in LV networks The main objective of this use case is to present a
based on limited observability and tool that is capable of not only solving voltage
network topology characterization violations, but also offer directions to avoid such
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problems by the establishment of preventive
admissible ranges for the consumption/generation.

8 LV flexibility needs assessment for The objective of this use case is to calculate the
voltage and congestion management | flexibility required along with its location in the LV
network in order to avoid future network issues
caused by growth of renewable energy installations
and evolution of new consumer loads
9 HV and MV network state The main objective is to determine current and
forecasting based on load and forecasted network power flow for the next 48
weather forecasts hours with a 1h resolution (voltage for each
network nodes and power/current for each
network branch).
10 HV and MV congestion detection and | The main objective is to identify a list of potential
flexibility needs identification flexibility services to eliminate network problems
or increase network capacity
11 | Congestion management using The main objective is to identify the available lines
permissible line capacity based on capacity as the result of their flexibility
Dynamic Line Rating (DLR) (dependency on the weather condition)
12 Minimizing costs linked to DSO Compute the optimal bids to contract/submit on the
flexibility requirements market platform after retrieving the required
system and market data by the dedicated
optimization algorithm.
13 NODES Market Platform: Short-term | Processes related to short-term flexibility
flexibility procurement procurement via the NODES market platform.
14 | NODES Market Platform: long-term | Processes related to long-term flexibility
flexibility procurement procurement via the NODES market platform.
15 | Market Platform SUC (N-SIDE in PT | Processes of short and long term flexibility
DEMO) procurement via N-SIDE market platform.
16 | DER registration and configuration Register, model DER & Portfolios/VPP definition &
configuration
17 | Bidding aggregation Run optimization process to aggregate flexibilities
and submit active /reactive power offers
18 | Resources dispatch and monitoring | Dispatch individual resources managed by the FSP,
monitor and control the resource delivery in real-
time.
19 Baselining Covers the baselining process managed by the FSP

and used as the input of a settlement in order to
assess the delivery of the DER
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20 | Collecting and publishing metering

data

Describes the mechanisms and sequences used to
retrieve the metering data from the DER and share
them to the data consumers

21 DSO data management - German

Demonstrator

The scope of this SUC are the communication and
data exchange between internal DSO systems and
tools in the German DEMO.

22 DSO data exchanges with network

tools and internal systems -
Portuguese DEMO

The scope of this SUC are the communication and
data exchange between internal DSO systems and
tools in the Portuguese DEMO.

23 | DSO data exchanges with network
tools and internal systems - Polish

DEMO

The scope of this SUC are the communication and
data exchange between internal DSO systems and
tools in the Polish DEMO.

24 | DSO data exchange (external
systems)

The scope of this SUC are the communication and
data exchange between DSO, FMO and FSP in the
three DEMOs.

Table 19. SUC specific KPI summary table

SUCKPIs

ID Name Description suciIb

SUC_KPI_1 | Voltage unbalance
reduction

This indicator can be used to measure
the voltage imbalance reduction.

SUC 7 and SUC 8

SUC_KPI_2 | Total Execution
time

Measures the function total execution
time for evaluating the scalability of
the tool.

SUC 3 to SUC8, SUC 12

SUC_KPI_3 | Model accuracy

Measures the accuracy of the model

. . SuUC 16
for each flexible asset in case the
historical data is provided to fit the
model.
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Annex 3 - Common KPIs

Annex 3.1 - CM_KPI_1 - Flexible capacity vs. flexible volume
offered ratio

BASIC KPI INFORMATION
KPI Name Flexible capacity vs. flexible volume offered ratio KPIID | CM_KPI_1
Strategic S02,S03
Objective(s)
DEMO where | PL, DE, PT
KPI applies

PT1, PT2, DE AP, DE RP, PL AP, PL RP
UC where
KPI applies if
any
KPI Assess how much flexibility volume the FSP has been able to expose to the market
Description | from the overall flexible capacity registered. The ratio between total registered

flexibility capacity and the amount of flexibility that FSP offers via the market

platform.
KPI Formula Frsppia

E:ap
where:
Feap - . :
Total flexibility capacity registered.
Frsppia -
Amount of flexibility offered by FSP

Unit of Percentage [%]
measure-
ment
Target / 100%
Thresholds
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Reporting
Period

Quarterly

Reporting
Audience
and Access
Rights

EUniversal

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible

Methodology ID

[CM_KPI_1]1 Determine the total flexibility capacity FMO, DSO
registered on market platform.

[CM_KPI_1] 2 Determine the sum of the FSP's power bids. FMO, DSO

[CM_KPI_1] 3 Ratio calculation DSO

KPI DATA COLLECTION

Data Data ID | Methodo- | Source/Tools/ | Location | Frequency | Data
logy for Instruments of Data of data collection
data for Data collection | collection responsible
collection | collection

FSP Feap Retrieved | Flexibility FMO 15 min FMO

regis- from market

tered market platform

capacity

FSP's Frsppia | Retrieved | Flexibility FMO 15 min FMO

flexibility from market

bids market platform
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KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition

n/a n/a n/a
Details of In the DEMO area, the market platform will be used for the first time therefore
Baseline baseline is not applicable. The aim is to achieve as close as possible to 100%.
Responsible n/a
(Name,
Company) for
Baseline

Annex 3.2 - CM_KPI_2 - Flex volume offered by FSP vs. Flex

request by DSO

BASIC KPI INFORMATION

KPI Name Flex volume offered by FSP vs. Flex request by DSO KPIID | CM_KPI_2

Strategic S02,S03

Objective(s)

DEMO where | PT, DE, PL

KPI applies
PT1, PT2, DE AP, DE RP, PL AP, PL RP

UC where

KPI applies if

any

KPI Assess to which extent the market has been able to cover the flexibility requests

Description | from the grid operators with flexibility offers from the FSPs. The ratio of delivered
flexibility and flexibility bid accepted by DSO.
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KPI Formula Frsppia
F DSO request
where:
FDSO request s
Amount of flexibility requested by DSO.
Frconi
Fspbid Amount of flexibility offered by FSP

Unit of Percentage [%]
measure-
ment
Target / >100%
Thresholds
Reporting Quarterly
Period
Reporting EUniversal
Audience
and Access
Rights

KPI CALCULATION METHODOLOGY

KPI Step Methodology Step Responsible
ID

[CM_KPI_2] 1 Determine the flexibility requested by DSO. FMO, DSO
[CM_KPI_2] 2 Determine the flexibility offered by FSP. FMO, DSO
[CM_KPI_2] 3 Ratio calculation DSO
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KPI DATA COLLECTION
Data Data ID Methodology | Source/Tools/ | Location | Frequen- | Data

for data Instruments of Data cy of data | collec-

collection for Data collec- collection | tion

collection tion respon-
sible
Flexibility | Fpsorequest | Retrieved Flexibility FMO 15 min FMO
requested from market | market
by DSO platform
Flexibility Frsppid Retrieved Flexibility FMO 15 min FMO
offered by from market | market
FSP platform
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition
n/a n/a n/a

Details of In the DEMO area, the market platform will be used for the first time therefore
Baseline baseline is not applicable. The aim is to achieve as close as possible to 100%.
Responsible | n/a
(Name,
Company) for
Baseline
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Annex 3.3 - CM_KPI_3 Flex volume delivered by FSP vs. Flex bids

accepted by DSO

BASIC KPI INFORMATION

KPI Name Flex volume delivered by FSP vs. Flex bids accepted by | KPIID | CM_KPI_03
DSO

Strategic 503

Objective(s)

DEMO PL, PT, DE

where KPI

applies

UC where BUC PL AP, PL RP, DE AP, DE RP, PT 1, PT 2, PT 3, PT4

!(Pl applies SUC 22

if any

KPI Assess if FSP is able to deliver the amount of flexibility which bids before via market

Description | platform. The ratio of delivered flexibility and flexibility bid accepted by DSO.

KPI1 Fdelivered

Formula Fyias
Where:
Fetiverea is the amount of flexibility which is delivered by FSP as the request of DSO
to provide flexibility.
Fyigs is the amount of flexibility that FSP bids for a particular portfolio to submit in
market platform and has been accepted by DSO to be activated.

Unit of %

measure-

ment

Target / 100%

Thresholds

Reporting quarterly

Period

Reporting EUniversal

Audience

and Access

Rights
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KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[CM_KPI_03] 1 Determine the sum of the FSP's | FSP

power bids

[CM_KPI_03] 2

Determine the actual delivered
power adaption by FSP

Meter data operator (as part of DSO);
Checked by FSP

[CM_KPI_03] 3

Ratio calculation

DSO; Checked by FSP

KPI DATA COLLECTION
Data Data ID Methodology | Source/Tools/ | Location | Frequency | Data
for data Instruments of Data of data collect-
collection for Data collection | collection ion
collection respon
-sible
FSP's Fids Retrieved Market Market For each FSP
flexibility from market | platform Platform meter
bids reading
period
FSP Fielivered Measurement | Metering customers | For each DSO
flexibility System meter
delivery reading
period
KPI BASELINE
Source of Values measured at the start of the field test
Baseline
Condition
Details of The aim is to achieve as close as possible to 100%.
Baseline
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Responsible | FSP/DSO
(Name,
Company) for
Baseline
Annex 3.4 - CM_KPI 4, Avoided Restrictions
BASIC KPI INFORMATION
KPI Name Avoided Restrictions KPIID CM_
KPI_4
Strategic S02, S04, SO8
Objective(s)
DEMO where | German/Portuguese
KPI applies

UC where KPI

PT DEMO: PT 1, PT 2, PT 3, PT4

appliesifany | e hpvo: BUC DE AP and DE RP

Owner DSO

KPI The fulfilment of voltage limits is a common KPI used to evaluate the power
Description quality and quality of supply of distribution networks. EUniversal project is

addressing some actions to be implemented in the DEMO areas which will impact
positively in the fulfilment of voltage limits. New voltage regulation capabilities
will be implemented by deploying smart devices and tools. Some of these actions
regard to the remote management of DER.

This KPI will help to assess the contribution of flexibility for grid support. It will
be quantified by the voltage and congestion problems that were avoided through
the mobilization of flexibility services.

Different measures regarding the fulfilment of voltage limits KPI will be
calculated:

e Voltage Violation Frequency Reduction (reduction of the number of
voltage violations in a certain time interval) based on voltage violations
registered on the baseline scenario (predicted - Tool) computed with
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the number of voltage violations registered after the flexibility plans are
activated.

e Voltage Violation Frequency Reduction (reduction of the number of
voltage violations in a certain time interval) based on voltage violations
registered (real metering data) computed with the number of voltage
violations registered after the flexibility plans are activated.

To quantify the congestions avoided, these measures will be calculated:

e Congestion Problems Frequency Reduction (reduction of the number of
voltage violations in a certain time interval) based on congestions
registered on the baseline scenario (predicted - Tool) computed with
the number of congestions registered after the flexibility plans are
activated.

e (Congestion Problems Frequency Reduction (reduction of the number of
voltage violations in a certain time interval) based on congestions
registered (real metering data) computed with the number of
congestions registered after the flexibility plans are activated.

KPI Formula

The Power Quality and Quality of Supply KPIs are computed according to the
defined quality levels, e.g. in the EN 50160 standard. A KPI is proposed: one based
on the number of voltage violations registered.

A voltage violation, &, is defined as:

— 1’V < Vmin — { 1:V > Vmax
Emin = { 0, Otherwise’ and Emax = 0, Otherwise

Where g,,;,, represents an undervoltage, &,,,, an overvoltage, and V4, and V,,;n,
are the upper and lower voltage limits considered for the KPI computation,
respectively. Given this, the voltage violations number, n, for the operation
period T, is given by:

A congestion problem, §, is defined as:

5= {LI > Irating
0, Otherwise
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Where & represents an overload, and I.4in4 the upper operational limits, for
each asset, considered for the KPI computation, respectively. Given this, the
congestion violations number, n, for the operation period T, is given by:

e Violation Frequency Reduction (VFR1.01) -Tool

_ Mpaseline — Mryc

VFR o0 = x 100%

Npaseline

Where npaseline 1S the number of violations (registered in each asset) in the
baseline scenario and n; . is the number of violations (registered in each asset)
with the tool application.

e Violation Frequency Reduction (VFRgea) -Real

_ MNyreal — Nyyc

VFRpeq = x 100%

Nreal

ro=a

the number of violations (registered in each asset) with the tool application.

Unit of % percentage
measurement

Target / 100%
Thresholds

Reporting Indicate how often this indicator must be reported (weekly, monthly, yearly)
Period two months
Reporting EUniversal
Audience and

Access Rights

OTHER /

(please

specify)
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KPI CALCULATION METHODOLOGY
KPI Step Step Responsible
Methodology ID
[CM_KPI 4]1 Collection of measurements DSO
from the SM infrastructure, for
the grid field test period.
[CM_KPI_4] 2 Computation of the voltage
violations and congestions INESC TEC
number.
[CM_KPI_4] 3 KPI computation INESC TEC
KPI DATA COLLECTION
Data Data | Methodology | Source/Tools/ | Location | Frequenc | Data
ID for data Instruments of Data y of data collection
collection for Data collection | collection | responsi-
collection ble
Smart LV DSO Internal DSO Internal DSO 15 min DSO
meter data systems systems Internal average
storage data
values
Predicted Nweca | State Grid Tools DSO 15 min INESC-
congestions Estimation + System average TEC/VITO
Power Flow data
values
Predicted Nwcv | Data driven Grid Tools DSO 15 min INESC-
Voltage state System average TEC/VITO
violations estimator data
values
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KPI BASELINE

Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition

Details of In the DEMO area, the market platform will be used for the first time therefore

Baseline baseline is not applicable. The aim is to achieve as close as possible to 100%.
Responsible | DSO

(Name,

Company)

for Baseline

Annex 3.5 - CM_KPIL_5, Voltage Magnitude Prediction Error

BASIC KPI INFORMATION

KPI Name Voltage Magnitude Prediction Error KPIID CM_KPI_5
Strategic S02, S04, SO8

Objective(s)

DEMO where | Portugal, Germany

KPI applies

UC where KPI

PT DEMO: PT 1, PT 2, PT 3, PT4

applies if any
DE DEMO: BUC DE AP & DE RP
SucCs

Owner E-Redes
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KPI Computation of voltage violation magnitude estimated based on the baseline
Description scenario (predicted) and the real voltage magnitude registered. Determines the
accuracy of the algorithm to perform state estimations. The performance and
dispersion are evaluated for voltage magnitude.
Two indicators are calculated: MAE (Voltage magnitudes Mean Absolute Error
(MAE) and MAD (Voltage magnitudes Maximum Absolute Deviation (MAD)
KPI Formula 1 N T
MAE = —Z Z Znt— X
NT 2 Dy 7t = Xl
MAD = max|z,; — xp¢|,n=0,..,N,t =0,..T
where:
e N is the number of estimation points
e T isthe size of the testing period
e Zz,.is the real measurement at point n for the period ¢t
Xn ¢ Is the estimated measurement at point n for the period t
Unit of [V]
measurement
Target / MAE (Voltage magnitudes Mean Absolute Error (MAE) : OV
Thresholds
MAD (Voltage magnitudes Maximum Absolute Deviation (MAD): OV
Reporting Two months
Period
Reporting EUniversal
Audience and
Access Rights
OTHER /
(please
specify)

KPI CALCULATION METHODOLOGY

KPI Step
Methodology ID
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Measurements are gathered from the smart meters
[CM_KPL5]1 included in the estimation during the testing bSO
period.
N.B. The processes of gathering the real values of the
estimated quantities is part of the state estimation
process already since it uses historical data to infer
the real-time state of the network.
[CM_KPI_5] 2 The state estimator executes a real-time state | INESC TEC,
estimation (voltage magnitudes) every 15 minutes.
[CM_KPI_5] 3 Computation of the MAE and MAD for voltage | INESC TEC,
magnitude estimations.
KPI DATA COLLECTION
Data DataID Methodolo- | Source/Tools/ | Location Frequency of | Data
gy for data | Instruments of Data data collection
collection | for Data collection | collection responsi-
collection ble
Voltage Smart SM DSO Data 15-minute DSO SM
magni- meters infrastructure Platform discretised infrastruct
tudes gather datais sentto | ure
measureme the historical
nts and
send data database every
infrastruc- 24 hours
ture
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition
Details of In the DEMO area, the market platform will be used for the first time therefore
Baseline baseline is not applicable. The aim is to achieve as close as possible to 100%.
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Responsible
(Name,
Company)
for Baseline

n.a
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Annex 4 - Portuguese DEMO KPIs

Annex 4.1 - PT_KPI_1 - Amount of flexibility the DSO reserves

for planning purposes

BASIC KPI INFORMATION
KPI Name Amount of flexibility the DSO reserves for planning KPI ID PT _KPI 1

purposes
Strategic S01, S02, S03, S04, S05, S07, S08, S09, S010, SO11
Objective(s)
DEMO where | Portugal
KPI applies
UC where KPI | PT 1, SUC1
applies if any
Owner E-REDES
KPI Total amount of flexibility reserved for planning purposes during the entire
Description DEMO
KPI Formula T

TFA,r = Z Pflex,t
t=0
Where:
e TFA.r - Total flexibility (active power) reserved for grid planning
purposes from FSP that was available in the network, for the period T.
e Ppex: — Total flexibility (active power) reserved for grid planning
purposes from FSP available in the network, at each instant t.

Unit of kW
measurement
Target / >0 kW
Thresholds
Reporting Yearly
Period
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Reporting
Audience and
Access Rights

EUniversal

OTHER
(please

specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[PT_KPI_1] 1 Extract all trade confirmations of reserved flex. E-REDES
services
[PT_KPI_1] 2 KPI Computation E-REDES
KPI DATA COLLECTION
Data Data | Methodo- | Source/Tools/ | Location | Frequen- | Data
ID logy for Instruments of Data cy of data | collec-
data for Data collec- collection | tion
collection | collection tion responsi-
ble
Trade confir- Pfiext Store data | UMEI UMEI For each DSO, FMO
mation list of of reserva-
reserved reserved tion
flexibility service bids
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition
Details of N.A. (no flex contracts before EUniversal).
Baseline
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Responsible | N.A
(Name,
Company)
for Baseline

Annex 4.2 - PT_KPI_2 - Ratio of activated reserved flexibility

BASIC KPI INFORMATION

KPI Name Ratio of activated reserved flexibility KPIID PT_KPI_02
Strategic S01, S02, S03, S04, S05, S07, S08,S09,S010, SO11

Objective(s)

DEMO where | Portugal
KPI applies

UC where KPI | PT 3 and PT 4
applies if any
Suco1, suc 03

Owner E-Redes
KPI Percentage of the total flexibility reserved that is activated used to manage
Description operation for both active and reactive power

In the Long Term Flexibility market, flexibility is reserved and the DSO must
pay a reservation fee. It is important to be aware if this flexibility, in the short
term flexibility market will be actually activated.

The Flexibility Activated Reserved Ratio (FARR) KPI, defined as the percentage
of the total flexibility reserved from FSPs that is activated to manage the grid
operation without technical constraints, is defined as:

KPI Formula

Z?:o P flex,Activated;
FARRp,, = X 100%

T
tho Preservedt

Where:

*FARRp,, - Percentage of the total flexibility (Active power) from FSP reserved
in the network that was activated for grid management purposes, for
the period T;

« Pflex,Activatedt - Total flexibility from FSPs reserved that is activated in the

network at each time instant. t used for grid management purposes (Active
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power);
* Preserved,— Total flexibility from FSP reserved in the network at each time
instant t (Active power).

T
_ Zt=0 Qflex,Activatedt

X 100%

FARR
%% '{:0 Qreservedt

Where:
*FARR, %" Percentage of the total flexibility (Reactive power) from FSP

reserved in the network that was activated for grid management purposes, for
the period T;

« Qflex,Activatedt - Total flexibility from FSPs reserved that is activated in the
network at each time instant t used for grid management purposes (Reactive
power);

¢ Qreservedt - Total flexibility from FSP reserved in the network at each time
instant t (Reactive power).

Unit of
measurement

%

Target /
Thresholds

100%

Reporting
Period

Semester

Reporting
Audience and
Access Rights

EUniversal

OTHER
(please

specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[PT_KPI_02]1 Extract all trade confirmations | E-REDES

of reserved flex. Services (active
and reactive power)
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[PT_KPI_02] 2 Extract all trade confirmations | E-REDES
of activated flex. Services (active
and reactive power)
[PT_KPI_02] 3 KPI computation INESC TEC
KPI DATA COLLECTION
Data Data ID Method | Source/Tools/ | Location | Frequen- | Data
o-logy | Instruments of Data cy of data | collecti
for for Data collec- collection | on
data collection tion respon
collecti sible
on
Trade Preserved, | Store UMEI UMEI For each DSO,
confirmation list data of reservatio | FMO
of reserved reserve n
flexibility service d bids
(active power)
Activation list of Qreserved, | Store UMEI UMEI For each DSO,
flexibility services data of activation | FMO
(active power) activate
d bids
Trade Pactivated, | Store UMEI UMEI For each DSO,
confirmation list data of activation | FMO
of reserved reserve
flexibility service d bids
(reactive power)
Activation list of Qactivated, | Store UMEI UMEI For each DSO,
flexibility services data of activation | FMO
(reactive power) activate
d bids
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KPI BASELINE

Source of
Baseline
Condition

LITERATURE VALUES COMPANY HISTORICAL

VALUES

VALUES MEASURED
DURING THE PROJECT

Details of
Baseline

N.A. (no long term flexibility contracts before EUniversal).

Responsible
(Name,
Company)
for Baseline

N.A

Annex 4.3 - PT_KPI_3 - Avoided CO: emissions from increased
RES and DER hosting capacity (depends on EU_KPI_1)

BASIC KPI INFORMATION

KPI Name

Avoided CO; emissions from increased RES and DER
hosting capacity (depends on EU_KPI_1)

KPIID

PT_KPI_3

Strategic SO2 (in line with EU_KPI_1)
Objective(s)

DEMO where | Portugal

KPI applies

UC where KPI

General to project objectives (in line with EU_KPI_1)

applies if any

Owner E-Redes

KPI Avoided CO; emissions from increased RES and DER hosting capacity that would
Description otherwise be emitted by the thermal power plants.

KPI Formula | The avoided CO; emissions KPI is defined as:
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Avoided CO, emissions = EFggs X [[HCggs X hggs] + EFpgr X [+ [HCpgg X
hpgr), considering

IHCRES = HCRES;EUniversal - HCRES;BAU

IHCDER = HCDER;EUniversal - HCDER;BAU

Where:

¢ EFges - Annual emission factor from the Portuguese thermal power plants (tCO2/GWh)
¢ [HCRgs - Increased hosting capacity of RES (kW or MW)

e hpgs - average number of electricity generation hours of RES, considering the
Portuguese energy mix in a given year (h)

* EFper — Annual emission factor from the Portuguese energy mix (tCO,/GWh)
¢ [HCpgg — Increased hosting capacity of DER (kW or MW)

* hpgg - reference number for electricity generation hours of DER in Portugal, in a given
year (1,500 h)

* HCRgs.Euniversal - additional hosting capacity of RES when EUniversal framework is
applied with respect to currently connected generation (kW or MW) (from EU_KPI_1)

* HCRgs.gau - additional hosting capacity of RES in BAU scenario applied with respect to
currently connected generation (kW or MW) (from EU_KPI_1)

e HCpgRr.EUniversal - additional hosting capacity of DER when EUniversal framework is
applied with respect to currently connected generation (kW or MW) (from EU_KPI_1)

* HCpgr.gau - additional hosting capacity of DER in BAU scenario applied with respect
to currently connected generation (kW or MW) (from EU_KPI_1)

Unit of
measurement

tCO;

Target /
Thresholds

Not applicable

Reporting
Period

Yearly

Reporting
Audience and
Access Rights

EUniversal
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OTHER
(please

specify)

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[PT_KPI_3] 1 Collect from EU_KPI_1 the hosting capacities of E-Redes
RES and DER when EUniversal framework are
applied with respect to currently connected
generation (HCRES;EUniversal and HCDER;EUniversal) and
in BAU scenario (HCRES;BAU and HCDER;BAU)-
[PT_KPI_3] 2 Increased hosting capacity of RES and DER E-Redes
computation (IHCrgs and IHCpgr)
[PT_KPI_3] 3 Collect the average number of electricity E-Redes
generation hours of RES (hggs), from the
Transmission System Operator website (excel
file).
[PT_KPI_3] 4 Computation of the annual emission factor from | E-Redes
the thermal power plants and the overall energy
mix (EFrgsand EFpgr), using information from
the Transmission System Operator (excel file)
[PT_KPI_3] 5 Avoided CO; emissions computation E-Redes
KPI DATA COLLECTION
Data DatalD | Methodo- Source/Tools/ | Location Frequency | Data
logy for Instruments of Data of data collect-
data for Data collection | collection ion
collection collection respon-
sible
Additional HCRes;Euniv | from from EU_KPI_1 | from from from
hosting EU_KPI_1 EU_KPI_1 EU_KPI_1 EU_KPI_
capacity of 1
RES
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when EUniv
ersal frame
work is
applied
Additional HCgres;pau | from from EU_KPI_1 | from from from
hosting EU_KPI_1 EUKPI.1 | EUKPI_1 EU_KPIL_
capacity of 1
RES in BAU
scenario
Additional HCpgr;guni | from from EU_KPI_1 | from from from
hosting versal EU_KPI_1 EUKPI.1 | EUKPI_1 EU_KPL_
capacity of 1
DER
when EUniv
ersal frame
work is
applied
Additional HCpgr:pau | from from EU_ KPI. 1 | from from from
hosting EU_KPI_1 EUKPI.1 | EUKPI_1 EU_KPIL_
capacity of 1
DER in BAU
scenario
Average hres Download of | Transmission Excel file Yearly E-Redes
number of the excel file | System
electricity from the Operator
generation Transmissio | website
hours of n System
RES Operator
website
Reference hper n/a n/a (Reference | n/a One shot E-Redes
number for number for (Reference
electricity electricity number
generation generation for
hours of hours of DER in | electricity
DER in Portugal) generation
Portugal hours of
DER in
Portugal)
Annual EFres Download of | Transmission Excel file Yearly E-Redes
emission the excel file | System
factor from from the Operator
the Portugu Transmissio | website
ese thermal n System
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power Operator
plants website
Annual EFper Download of | Transmission Excel file Yearly E-Redes
emission the excel file | System
factor from from the Operator
the Portu- Transmissio | website
guese energ n System
y mix Operator
website
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition n/a n/a n/a
Details of COz emissions will only be calculated after the EUniversal framework is applied,
Baseline by comparing it to the hosting capacity in BAU scenario.
Responsible | n/a
(Name,
Company)
for Baseline

Annex 4.4 - PT_KPI_4 - Energy consumption

BASIC KPI INFORMATION

KPI Name Energy consumption KPIID PT_KPI_4
Strategic S02, S04, S07,S08, SO10

Objective(s)

DEMO where | Portugal
KPI applies

applies if any

UC where KPI | PT 1,PT 2, PT 3 and PT 4

Page 88 de 114




UMEI

'.' =Universal

KPI Variation of resource provider’s consumption due to the flexibility services activation
Description by voltage
KPI Formula | The resource provider’s consumption (RPC) KPI is defined as:
n=1%i=0 RPCLy;r — XN=1X1=0 RPCry;
RPCLV =
N
N=12i=0 RPCyy;r — Xn=12{=0 RPCyy,i
RPCMV =
N
Where:
e RPC;y - variation of resource provider’s consumption before and after the
flexibility service activation, by low voltage consumers
* RPC,y,r - resource provider’s consumption after flexibility services activation,
for the period T and for N low voltage consumers, for a given month
* RPC,y.;- resource provider’s consumption before flexibility services activation,
for the period T and for N low voltage consumers, for the homologous month of a
previous year without flexibility services activation
e RPCyy - variation of resource provider’s consumption before and after the
flexibility service activation, by medium voltage consumers
* RPCyy,;r - resource provider’s consumption after flexibility services activation,
for the period T and for N medium voltage consumers
* RPCy,.;- resource provider’s consumption before flexibility services activation,
for the period T and for N medium voltage consumers
Unit of MWh
measurement
Target / 0 MWh
Thresholds
Reporting Yearly
Period
Reporting EUniversal
Audience and
Access Rights
OTHER /
(please
specify)
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KPI CALCULATION METHODOLOGY

KPI Step
Methodology ID

Step

Responsible

[PT_KPI_ 4] 1

Collection of the resource provider’s consumption
after the flexibility service activation from the
smart meter infrastructure, for each period T and
for all the low voltage consumers, for a given month

E-Redes

[PT_KPI_4] 2

Collection of the resource provider’s consumption
after the flexibility service activation from the
smart meter infrastructure, for each period T and
for all the medium voltage consumers, for a given
month

E-Redes

[PT_KPI_4] 3

Collection of the resource provider’s consumption
before the flexibility service activation from the
smart meter infrastructure, for each period T and
for all the low voltage consumers, for the
homologous month of the previous year

E-Redes

[PT_KPI_4] 4

Collection of the resource provider’s consumption
before the flexibility service activation from the
smart meter infrastructure, for each period T and
for all the medium voltage consumers, for the
homologous month of the previous year

E-Redes

[PT_KPI_4] 5

Collection of the total number of low voltage
consumers involved

E-Redes

[PT_KPI_4] 6

Collection of the total number of medium voltage
consumers involved

E-Redes

[PT_KPI_4] 7

RPC LV Computation

E-Redes

[PT_KPI_4] 8

RPC MV Computation

E-Redes

Page 90 de 114



'.' =Universal

UMEI

KPI DATA COLLECTION

Data Data ID | Methodo- Source/Tools/ | Location Frequenc | Data
logy for Instruments of Data yofdata | collection
data for Data collection | collection | respon-
collection collection sible

Resource RCPy;¢ | Collection of | Smart Meter Data Monthly E-Redes

provider’s co smart meter | Data (SMD) platform

nsumption aft measure-

er flexibility ments that

services are stored at

activation data

(low voltage) platform

Resource RCPwmy;¢ | Collection of | Smart Meter Data Monthly E-Redes

provider’s co smart meter | Data (SMD) platform

nsumption aft measure-

er flexibility ments that

services are stored at

activation data

(Medium platform

voltage)

Resource RCPvLv; Collection of | Smart Meter Data One shot E-Redes

provider’s co historical Data (SMD) platform

nsumption be information

fore flexibility from smart

services metering

activation data

(low voltage)

Resource RCPwmv;i | Collection of | Smart Meter Data One shot E-Redes

provider’s co historical Data (SMD) platform

nsumption be information

fore flexibility from smart

services metering

activation data

(medium

voltage)
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KPI BASELINE

Source of
Baseline
Condition

LITERATURE VALUES

n/a

COMPANY HISTORICAL
VALUES

Smart Meter Data (SMD)

VALUES MEASURED
DURING THE PROJECT

n/a

Details of
Baseline

Historical information from Smart Meter Data (RCPry;i and RCPwv;)

Responsible
(Name,
Company)
for Baseline

E-Redes
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Annex 5 - German DEMO KPIs

Annex 5.1 - DE_KPI_1 - Costs of Congestion Management with
flexibility market vs. Curtailment

BASIC KPI INFORMATION
KPI Name Costs of Congestion Management with flexibility | KPIID | DE_KPI 01
market vs. Curtailment
Strategic S03
Objective(s)
DEMO where | German
KPI applies
UC where BUC DE AP
KPI applies if
any
KPI Demonstrate the economic value of the market process.
Description
Relates the cost for of traded flexibility on the market with the costs of curtailment
c
KPI Formula “EM 100
Cc
Where:
Crmare the cost for the traded flexibility on the market
Cc are the costs for curtailment measures
Unit of %
measure-
ment
Target / Costs for congestion management and curtailment should be less with
Thresholds demonstrator or at least not higher
Reporting quarterly
Period
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Reporting DEMO
Audience
and Access
Rights

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[DE_KPI 01] 1 Sum up costs for the traded market-based flexibility! FMO
[DE_KPI_01] 2 Determine an approximation for curtailment prices DSO
[DE_KPI_01] 3 Estimate sum of curtailed energy and calculate total costs | DSO
[DE_KPI_01] 4 Determine ratio of market-based flexibility to curtailment | DSO
KPI DATA COLLECTION
Data Data | Methodology | Source/Tools/ | Location Frequency of | Data
ID for data Instruments of Data data collection
collection for Data collection | collection responsi-
collection ble

Costsof | cc Research on Flexibility DSO For reporting | FMO
alternati- past Market System period
vely to curtailment
market costs
curtailed multiplied by
energy the required

curtailment

energy
Costs for | crm Determine Flexibility Market For reporting | FMO
traded flexibilities Market Platform period
flexibility traded on the
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on the market; sum up
market the costs
KPI BASELINE
Source of Values measured at the start of the field test
Baseline
Condition
Details of Baseline are determined by the curtailment costs which are directly included in
Baseline the KPI; The aim is to achieve a more cost-efficient result with the flexibility
market solution than with curtailment
Responsible | DSO
(Name,
Company) for
Baseline
Annex 5.2 - DE_KPI_2 - Cycle Time DSO process
BASIC KPI INFORMATION
KPI Name Cycle Time DSO process KPIID DE_KPI_02
Strategic S02
Objective(s)
DEMO where | German
KPI applies
UC where DE AP, DE RP, SUC 15
KPI applies if
any
KPI Calculation of the amount of time between information input (Ti) and finalized
Description | output to the market (&,). The DSO update process needs to be done in a certain
time to be able to react adequately to the grid situation.
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KPIFormula (d=T,—T;
where:
T; is the time of information input
T, is the time of finalized output/order to the market
Unit of seconds/minutes
measure-
ment
Target / Sminutes
Thresholds
Reporting weekly
Period
Reporting EUniversal/DEMO
Audience
and Access
Rights
OTHER For developing KPI can be divided into minor KPI for each step
(please
specify)

KPI CALCULATION METHODOLOGY

KPI Step

Methodology ID

Step

Responsible

[DE_KPI_02] 1

Trigger Calculation process and start of

DSO in cooperation with

timekeeping technology provider
[DE_KPI_02] 2 Successive execution of program parts and | DSO

data exchange
[DE_KPI_02] 3 Display results in the GUI DSO
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[DE_KPI_02] 4 Offer/execute market options and end of DSO
timing
KPI DATA COLLECTION
Data Data | Methodo- | Source/Tools/ | Location Frequency | Data collection
ID logy for Instruments of Data of data responsible
data for Data collection | collection
collection | collection
Execu- |d Timing of | DSO System DSO For each DSO + technology
tion DSO Platform calculation providers
time process iteration
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition
n.a n.a n.a
Details of A total time of less than 5 minutes should be achieved; This time value results on
Baseline the one hand from empirical values from the EU-Sysflex project, on the other hand
it allows to reliably derive measures within the market periods of 15min.
Responsible | DSO + Technology partners
(Name,
Company) for
Baseline
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Annex 5.3 -

DE_KPI_03: Share of correctly forecasted congestions

& DE_KPI_04: Share of false positive congestion forecast

BASIC KPI INFORMATION

KPI Name DE-03: Share of correctly forecasted congestions KPIID DE_KPI 03
DE-04: Share of false positive congestion forecasts DE_KPI_04

Strategi

aresic 505

Objective(s)

DEMO where | German

KPI applies

UC where DE AP, DE RP, SUC 7

KPI applies if

any

KPI DE-04: The ratio of the correctly forecasted congestions versus all congestions

Description | that occurred or would have occurred without curative DSO action.
DE-05: The ratio of the incorrectly forecasted congestions versus the total
number of congestions forecasted.

KPI Formula | DE KPI 3:
Cfc,c/co
Where:

Csc,c is the number of congestions correctly forecasted, so excluding the false
positive congestions forecasts.

C, is the number of situations where analysis of the measurements indicate that
congestion occurred or would have occurred if no curative actions by the DSO
were taken (l.e., flexibility used).

DE KPI 4:

Cte,s/ Csc

Page 98 de 114




o

UMEI

=Universal

Where:

Ctcris the number of false positive congestion forecasts, so congestions forecasted
where analysis of the measurements indicate that no congestion would have
occurred, even if no curative actions by the DSO were taken (Le., flexibility used).

Ct. is the total number of congestions forecasted.

Unit of [%]

measure-

ment

Target / DE_KPI 3:100%

Thresholds
DE_KPI_4: 50%
All congestions need to be correctly detected in the day ahead congestion
forecast, as to ensure that the DSO has adequate time to take action to avoid all
congestions. False negatives should not occur. False positives are acceptable, but
their share should be as small as possible.

Reporting monthly

Period

Reporting EUniversal/DEMO

Audience

and Access

Rights

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[DE_KPI_3]1 During German pilot, the day ahead forecast is VITO
generated on a daily basis. The forecast results are
stored: per grid, per quarter hour the congestion risk
and whether the congestion risk exceeds the
detection threshold.
[DE_KPI_3] 2 Voltage and current measurements are collected in Mitnetz Strom
the German pilot on the relevant loactions where
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congestions can occur (feeder head, feeder end,
locations with high PV connections) and stored.

[DE_KPI_3] 3 Any activations of flexible devices which are altered | Market platform In
or caused by LV congestion management actions are | cooperation with
logged and quantified. (delta P per quarter hour, DSO & VITO
which is translated into the delta V/delta I realized
per quarter hour)

[DE_KPI_3] 4 Per feeder and per quarter hour, following VITO
categorization is applied:

e true negative: no congestion forecasted, no
congestion occured

e false negative: no congestion forecasted,
congestion occured

e true positive: congestion forecasted, load on
the grid corrected for the flexibility
activations would have caused congestion

e false postive: congestion forecasted, load on
the grid corrected for the flexibility
activations would not have caused
congestion

[DE_KPI_3] 5 The results from step 4 are aggregated into Cgc,, Co, VITO
Ctcf and Cg and the KPI's are calculated.

KPI DATA COLLECTION

Data Data ID | Methodolo- | Source/Tools/ | Location | Frequen- | Data

gy for data | Instruments of Data cy of data | collection
collection for Data collec- collection | responsible
collection tion

Congestion | Fore- Results of Day ahead Prob. Daily VITO +

forecast casted | SUCO07 congestion State Mitnetz

result conges-. forecasting tool | estima- Strom
tions Ct tion
algori-
thm
(suco7)
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Measured or
indicated
congestions

Co Collection of
metering
data

Feeder head
and street box
measurements

Metering
Database

Every
15min

Mitnetz
Strom

KPI BASELINE

Source of
Baseline
Condition

Values measured during field test

Details of
Baseline

Comparison of result from SUC7 and the real measured values

Responsible
(Name,
Company) for
Baseline

VITO and Mitnetz

Annex 5.4 - KPI_DE_05, Baseline accuracy

BASIC KPI INF

ORMATION

KPI Name

Baseline accuracy

KPIID

DE_KPI_05

Strategic
Objective(s)

S08

DEMO where
KPI applies

German

UC where
KPI applies if
any

BUC DE AP, DE RP,
SuC 29
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KPI Assess the accuracy of the computed baseline compared to the energy/power
Description | consumer/injected into the grid (when no dispatch)
KPI Formula | Mean Absolute Error (MAE):
1
MAE =~ Je,|
n
Root Mean Squared Error (RMSE):
1
RMSE = / — Z el
n
With:

- tas settlement period

- nas number of settlement periods considered

- e as the error, difference between the baseline value and the

energy/power measurement (when no dispatch).

Unit of KW, KWh (or % if scaled to the measurement)
measure-
ment
Target / 0
Thresholds
Reporting daily
Period
Reporting DE DEMO
Audience
and Access
Rights

KPI CALCULATION METHODOLOGY

KPI Step

Methodology ID

Step Responsible
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[DE_KPI_05] 1

Create Baseline per portfolio

FSP

[DE_KPI_05] 2

Measure resources without dispatch

Meter data operator

(as part of DSO role)
[DE_KPI_05] 3 Calculate the MAE and RMSE for the considered DSO/FSP
time-steps and portfolios
KPI DATA COLLECTION
Data Data | Methodolo- | Source/Tools/ | Location | Frequency | Data
ID gy for data | Instruments of Data of data collection
collection for Data collection | collection responsibl
collection e
Baseline of | Fg Forecast FSP Market daily on % FSP
flexibility Platform hourly bases
resources
Measure Fu Measureme | Power Metering on % hourly | DSO
Resources nt Measurement System bases
without
dispatch
Error of e= Calculation | - Market daily DSO+FSP
baseline Platform +
value and Fi- Fu Metering
measure- System
ment
KPI BASELINE
Source of Values measured at the beginning of the field test
Baseline
Condition

Pag
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Details of Error should be close to zero; Practical values are coordinated after final
Baseline measurement setup

Responsible | FSP+DSO
(Name,
Company) for
Baseline
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Annex 6 - Polish DEMO KPIs

Annex 6.1 - PL_KPI_1 - RES energy enlargement

BASIC KPI INFORMATION
KPI Name RES energy enlargement KPIID PL_KPI_1
Strategic
Objective(s) S02
DEMO where | PL
KPI applies
UC where KPI | PL DLR
applies if any
KPI RES generated energy above connection agreement value.
Description
KPI Formula
PLKP1 = =4
Ar—AAy
Total yearly production:
Ar = X220 A
Total yearly production above connection agreement:
Ady = 523" My
AAp; = Ap; — Aca if Api > Aca
AAhi = 0 ifAhi < ACA

AAy = Total yearly production above connection agreement

Ar =Total yearly production

Ap; = hourly production [MWh]

AAy; = hourly production above connection agreement

A4 = production according to connection agreement [MWh]
Unit of %
measurement
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Target /
Thresholds

120%

Reporting
Period

Yearly

Reporting
Audience and
Access Rights

EUniversal

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[PL_LKPI_1] 1 Collect metering data: Generation hourly profile | DSO

for each Producer (Wind Farm)
[PL_KPI_1] 2 Compare with connection agreement value DSO
[PL_KPI_1] 3 Calculate PL KPI_1 acc formula DSO
KPI DATA COLLECTION
Data Data | Methodolo | Source/Tools/ | Location of Frequen- | Data

ID gy for data | Instruments Data cy of data | collection
collection | for Data collection collection | responsi
collection ble
Hourly Api | AMI Smart meter Wind Farm Monthly DSO
produc- connection
tion point
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition
n/a n/a n/a
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Details of In the DEMO area, this service will be used for the first time therefore baseline is

Baseline not applicable.

Responsible | DSO

(Name,

Company) for

Baseline

Annex 6.2 - PL_KPI_2 - Monitoring Information Categories

BASIC KPI INFORMATION

KPI Name Monitoring Information Categories KPIID PL_KPI_2

Strategic SO5

Objective(s)

DEMO where | PL

KPI applies

UC where KPI | PLFS

applies if any

KPI Monitoring data volume is an indication of the increase of data amount for new

Description monitored currents, powers, or voltages in primary substations, secondary
substations, or customer level. One of the main objectives of EUniversal project
is the integration of measurement data for low voltage network control tools, for
supporting state estimation and power flow algorithms, or for the congestion’s
management
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MDgiex — MD
KPI Formula MIC(%) = Flex BAU
MDpg 4y
where
D Total monitored data according to the count criterion in
Bav BAU scenario.
Total monitored data according to the count criterion in
M DFlex S ss .
flexibility scenario.
Unit of % percentage
measurement
Target / 200%
Thresholds
Reporting Once at end of the project
Period
Reporting EUniversal
Audience and
Access Rights

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[PL_KPI_2] 1 Consolidation of the table of information DSO
categories for the following equipment:
e Smart meters, data concentrators,
based nodes and RTU.

e Advanced LV supervisors (SS).

e DER controllers, in BAU scenario
[PL_KPI_2] 2 Consolidation of the table of information DSO

categories for the following equipment:
e Smart meters, data concentrators,
based nodes and RTU.
e Advanced LV supervisors (SS).
e DER controllers, in flexibility scenario
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KPI DATA COLLECTION
Data Data ID | Methodology Source/Tools/ | Location of | Frequen- | Data
for data Instruments Data cy of data | collect-
collection for Data collection collection | ion
collection respon-
sible
Total MDgay Filling the DEMO Based on once DSO
monitored monitored data | equipment companions
data in (ves/no) column | inventory
before
BAU _ EUniversal and
scenario count each case
Total MDriex Filling the DEMO Based on once DSO
monitored monitored data equipment companions
data in (ves/no) column | inventory
. after EUniversal
ﬂex1b11-1ty and count each
scenario case
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition
) - X
Details of Total monitored data according to the count criterion in the BAU scenario will be
Baseline defined at the beginning of field tests
Responsible DSO
(Name,
Company) for
Baseline
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Annex 6.3 - PL_KPI_3 - Increased local PV hosting capacity
BASIC KPI INFORMATION
KPI Name Increased local PV hosting capacity KPIID PL_KPI_3
Strategic SO5
Objective(s)
DEMO where | Polish
KPI applies
UC where KPI | PL FS
applies if any
KPI Flexible substations will allow for increased RES and DER hosting capacity
Description
KPI Formula Prax
Py
Prax = Maximum technically allowable PV installation capacity calculated with
the presence of the flexible substation
P, = Total PV capacity installed before flexible substation.
Unit of %
measurement
Target / 130%
Thresholds
Reporting Once at the end of the project
Period
Reporting EUniversal
Audience and
Access Rights

Page 110 de 114



-~
L

=UJniversal
UMEI

KPI CALCULATION METHODOLOGY
KPI Step Step Responsible
Methodology ID
[PL_KPI_3] 1 Collect and summarize the installation power of all PV | DSO

in the LV network supplied by the planned flexstation
[PL_KPI_3] 2 The power flow calculation of the maximum allowable | DSO

PV capacity in the presence of the control feature of the

flexible substation
[PL_KPI_3] 3 Calculate PL KPI_3 acc formula DSO
KPI DATA COLLECTION
Data Data Methodolo | Source/Tools/I | Location of | Frequency | Data

ID gy for data | nstruments for | Data of data collec-
collection Data collection | collection collection tion
responsi-
ble
Total PV Py manually Inventory list of | LV network | once DSO
capacity the PV supplied by
installed installation FS
connected to the
grid
KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition i i
X

Details of Total PV capacity installed before flexible substation. will be defined at the
Baseline beginning of field tests
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Responsible | DSO
(Name,
Company)
for Baseline

Annex 6.4 - PL_KPI_4 - Fulfilment of voltage limits

BASIC KPI INFORMATION

KPI Name Fulfillment of voltage limits KPIID PL_KPI_4
Strategic SO5

Objective(s)

DEMO where | PL
KPI applies

UC where KPI | PLFS
applies if any

KPI The fulfillment of voltage limits is a common KPI used to evaluate the power quality and
Description quality of supply of distribution networks. EUniversal project is addressing some
actions to be implemented in the DEMO areas which will impact positively in the
fulfillment of voltage limits. New voltage regulation capabilities will be implemented by
deploying smart devices and tools. Some of these actions regard to the remote
management of DER.

KPIF 1 Veay =V,
ormula V(%) = BAU — VFlex

VBA U

where:

v The 95% percentage voltage value during the monitoring period in
BAU a selected critical point in the LV network for the BAU scenario.
The 95% percentage voltage value during the monitoring period in

Vriex a selected critical point in the LV network for flexibility scenario.

Unit of %
measurement
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Target /
Thresholds

2,5%

Reporting
Period

Once at the end of the project

Reporting
Audience and
Access Rights

EUniversal

KPI CALCULATION METHODOLOGY

KPI Step Step Responsible
Methodology ID
[PL_KPI 4] 1 Collect V95% values in a selected critical point in | DSO
the LV network for the BAU scenario.
[PL_KPI_4] 2 Collect V95% values in a selected critical point in | DSO
the LV network for a flexibility scenario.
[PL_KPI 4] 3 Calculate PL KPI_4 acc formula DSO
KPI DATA COLLECTION
Data Data Methodolo- | Source/Tools/ | Location of | Frequency Data
ID gy for data | Instruments Data of data collection
collection | for Data collection collection responsi-
collection ble
Voltage Viau Analysis of | Smart Meters AMI 15 min DSO
value for data from average data
the BAU AMI values
scenario
Voltage Vrlex Analysis of | Smart Meters AMI 15 min DSO
value for data from average data
flexibility AMI values
scenario
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KPI BASELINE
Source of LITERATURE VALUES COMPANY HISTORICAL | VALUES MEASURED
Baseline VALUES DURING THE PROJECT
Condition ) i
X
Details of The 95% percentage voltage value during the monitoring period in a selected
Baseline critical point in the LV network will be measured after flexible substation
installation with automatic control disabled
Responsible | DSO
(Name,
Company)
for Baseline
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