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Executive summary
This document is focused on the presentation of the testing and validation results of the FleXunity Power
Flexible Communities solution, also referred on the texts as the “FleXunity Platform”, conducted under the
scope of task T6.4. It also includes the analysis to the data acquired during the implementation of the task T6.3
regarding the stakeholder's feedback and system optimization.
The task T6.3 was focussed on stakeholder feedback and system optimization. A wide variety of stakeholders
were identified and engaged during the project. Several surveys were conducted, using an online survey tool,
to systematically collect and evaluate feedback and opinions from stakeholder groups to determine opinions
on market opportunity, demand management, energy savings, occupant comfort, engagement, and overall
satisfaction. The results from this task supported task T6.4 by helping in the overall system performance
evaluation, helped during task T8.2 in the dissemination of the project and identify new channels through
which to communicate and exploit the project results and supported task T8.3 by determining stakeholder
opinions on market opportunity for the business cases propositions.
Task T6.4 addressed the system validation and evaluation aspect of the FleXunity main developments to
ensure that all the installed systems and equipment were communicating with the FleXunity Platform and
performing their required precise function. The FleXunity Platform was tested and validated based on
established KPIs, categorized in different dimensions, such as technical, environmental, economic, social and
ICT, to effectively measure and prove the value of the solution, and the benefits delivered to key relevant
stakeholders. As part of the system validation activities, the integrated functionalities of the FleXunity systems
and devices were constantly being tested and validated, during and after their deployment on the pilot sites.
These tests, that were also performed in Cleanwatts labs, before the equipment shipment and deployment,
have successfully identified and triggered the fixing of several development bugs. In addition, after each pilot
site deployment, an automated report that lists device and communication issues is sent every day to the pilot
implementation partners (EC managers) and Cleanwatts so that actions can be taken to resolve any technology
issues that arise rapidly.
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1 Introduction
This document of deliverable D6.3 is focused on designing and implementing the testing and validation plan
of FleXunity´s Power Flexible Communities solution (also referred on the texts as “FleXunity platform”) that
was designed to manage and optimize the demand-side flexibility and excess PV generation resources of
energy community members (i.e.: prosumers and consumers) by leveraging a virtual power plant
configuration. More importantly, D6.3 also captures and defines the Key Performance Indicators (KPIs) of the
FleXunity Project, which will allow the consortium in measuring the success of the Project in relation to the
defined goals of the system.
Before the deployment of all the FleXunity components/systems, initial integration and validation tests were
performed in laboratory. During and after the local installation and commissioning, another set of tests and
validation procedures were performed. Representative sample of test and validation data was obtained and
already presented in the D6.2 report.
In addition to the installation and commissioning tasks, integration activities and validation of the equipment
and systems with the FleXunity platform was performed as part of tasks “T2.5 - End-to-end VPP Framework
integration” and during this “T6.4 - System validation and evaluation”.
Ensuring that all the installed systems and equipment are communicating with the FleXunity platform and
performing their required precise function was and still is a constant process, during the operation of the
system. The monitoring and management of the pilots and the system validation and evaluation is always
being performed.
Although not initially predicted on the Grant Agreement, this document also presents the analysis to the data
acquired during the implementation of the task T6.3 regarding the stakeholder's feedback and system
optimization.
This document is divided in two main sections, the first related to the T6.3 survey analysis and the second
were the T6.4 system validation and evaluation methodology and analysis is conducted.

2 Stakeholders feedback and system optimization (T6.3)
Task 6.3 focusses on stakeholder feedback and system optimization. A wide variety of stakeholders for the
pilot FleXunity UK and Iberian Energy Communities were identified and engaged during the project. Electronic
surveys were used to systematically collect and evaluate feedback and opinions from stakeholder groups to
determine opinions on market opportunity, demand management, energy savings, occupant comfort,
engagement, and overall satisfaction.
Results from this task supported T6.4 by helping evaluate overall system performance, T8.2 by helping to
disseminate the project and identify new channels through which to communicate and exploit the project
results and T8.3 by determining stakeholder opinions on market opportunity for FleXunity business cases
propositions.
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2.1 Approach and methodology
Consortium partners were consulted to define a comprehensive list of key stakeholder groups (T) for the pilot
FleXunity UK and Iberian Energy Communities, and for potential future FleXunity Energy Communities. These
ranged from:
1. Transmission System Operators (TSOs) who may use FleXunity Energy Communities to provide
ancillary services such as frequency control, voltage control, or congestion management.
2. Distribution System Operators (DSOs) who may use FleXunity Energy Communities to provide
flexibility service to ameliorate network congestion issues, decrease grid losses and potentially reduce
network maintenance costs
3. Electricity retailers who may be required partners to offer flexibility and peer-to-peer trading services
on public electricity networks. Retailer business models may also be affected through the creation of
new forms of energy tariffs that promote customer flexibility which may affect their financial incomes.
4. Renewable energy coops and associations who may see financial, social, environmental and technical
benefit through the use of FleXunity products and services.
5. Municipalities who may champion or operate Citizen Energy Communities across their authority areas.
6. Regulatory Entities who may comment on the barriers to market roll out and potential benefits of
FleXunity Energy Communities.
7. Other European Associations to understand the opinion of the different renewable energy
associations to assess the impact of Citizen Energy Communities at a business, environmental and
social level.
8. Experts on FleXunity related areas, such as distributed energy resources, demand response and smart
grids, who can provide expert opinion on the value of FleXunity services and business positioning.
9. End Users who have a stake in the functionality and operational benefits that FleXunity Energy
Communities can bring them.
TStakeholder type
TSOs
DSOs
Retailers
Renewable Energy Coops and Associations
Municipalities
Regulatory Entities
Other European Associations
Experts on FleXunity related areas
End Users (FleXunity recruits)
Table 1. List of identified stakeholder groups for the roll out of FleXunity Energy Communities.

Digital surveys with questions tailored to each stakeholder group were created using the online platform
SurveyMethods1. SurveyMethods enabled the creation of FleXunity branded surveys helping to disseminate
and promote the project to contacts across key stakeholder groups. Surveys were composed of a mix of
questions that allowed numerically and qualitatively ranked answers (e.g., rank from 1 to 5 or strongly agree
to strongly disagree), and open-ended comment boxes (to allow open feedback) and open text responses.
Consortium partners were consulted on the contents of the surveys and were then invited to identify
appropriate contacts (often new contacts via discussions with colleagues or via LinkedIn) within each
1

https://surveymethods.com/
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stakeholder group which they could contact. Electric Corby CIC created introductory emails with a link to the
surveys and follow-up emails to promote survey fills that were shared with consortium partners to generate
the highest number of high-quality form fills. Meetings were held to monitor consortium partner participation
in the task and define actions to ensure feedback was achieved across all stakeholder groups. For FleXunity
recruits (End Users) two surveys were created. The first survey was used to capture their self-reported
feedback on their motivations for participating in the FleXunity project and expectations from the pilot. The
second survey was used to determine End User perceptions on overall satisfaction of the FleXunity experience
and feedback on the latest version of the user app.

2.1.1 Survey methodology
Digital surveys with questions tailored to each stakeholder group were created using the online platform
SurveyMethods. Surveys were composed of a mix of questions that enabled respondents to provide
qualitatively ranked opinions on the concepts of Energy Communities and VPPs (from strongly agree, agree,
disagree, strongly disagree or no answer) and numerically ranked opinions on VPP platform functionality (5
being very important to 1 not important). Furthermore, open-ended comment boxes provided the opportunity
for respondents to write open text responses to questions around the barriers to, benefits of and
requirements for Energy Communities. Wherever the respondent answered ‘no answer’ they were promoted
to explain why.
Surveys consisted of 20 to 30 questions (dependent on the stakeholder type). Respondents’ answers were
logged in the SurveyMethods database and survey completions were anonymized to encourage full and
honest responses from participants.
The first survey was sent to TSOs in June 2021. Surveys to remaining stakeholder types were sent from March
2022. Throughout both survey campaigns follow up emails and phone calls were performed by the consortium
partner that identified the contact to drive completion. A follow up survey to FleXunity end users was sent on
18th May 2022 to determine their overall satisfaction with the FleXunity experience and whether they would
recommend the FleXunity app following the May 2022 version 2 release.

2.1.2 Analysis methodology
Survey results were exported to excel. Formulae were set to quantify the percentage of Agree’ and ‘Strongly
Agree’ answers. For numerically ranked answers on VPP functionality, results for each functionality were
summed and expressed as a percentage of the maximum possible score that a functionality could receive
based on the number of respondents in each stakeholder group. For example, a value of 92% for a functionality
indicates that the sum of respondent’s values was 92% of the maximal possible score (i.e., if each respondent
had ranked it at a value of 5).
All open text responses were reviewed and representative or insightful thoughts from respondents were
highlighted.
The analysed results are presented in the following sections of this report and interpreted to provide insight
on stakeholder opinions on the impact that FleXunity could have on stakeholder operations, demand
management, energy savings, occupant comfort and engagement and overall satisfaction levels.
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2.2 Survey results, analysis, and conclusions
Overall, 171 survey emails were sent to stakeholder contacts and 65 form fills were received (a response rate
of 38%). Of these 47 responses were received from stakeholder groups 1 to 8 (response rate 47%) and 18
responses were received from stakeholder group 9 (end users) (response rate 26%).

2.2.1 TSOs
Five TSOs from Portugal, Slovenia, UK, Norway and Lithuania responses to the survey request. The percentage
of respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy Communities and energy
markets are shown in Figure 1.
ECs contribute to decrease the carbon intensity of the energy system.
ECs promote universal access to all electricity markets.
ECs promote security of supply of electricity.
The Aggregator can participate in the internal EU market for electricity as a supplier with a single power-generating module.
The Aggregator can participate in the internal EU market for electricity as a buyer with single demand unit.
ECs enable competitive energy tariffs to its members.
ECs contribute to the creation of new energy tariffs.

100%
100%
80%
60%
40%
20%
60%

Figure 1. An analysis showing the percentage of TSO respondents that answered ‘Agree’ and ‘Strongly Agree’ to survey questions.

In general, TSOs all agreed that Energy Communities could contribute to the carbon intensity of their energy
systems. Most TSOs (80%) felt that ECs can promote security of electricity supply and 60% felt that ECs can
contribute to the creation of new tariffs. However only one of the TSO respondents (20%) thought they had
enough information to confidently answer that they agreed that ECs enable competitive energy tariffs.
A series of questions about the participation of aggregators in energy markets were asked to TSOs Figure 2.
Two of the respondents provided ‘No Answer’ responses to all the questions. As such, a value of 60%
represents full agreement between the remaining three TSOs that provided ranked ‘Strongly Agree’ to
‘Strongly Disagree’ opinions for each of the questions.
Of the three TSOs that provided opinions, all agreed or strongly agreed that aggregators can participate in
FCR, mFRR and RR markets as Balancing Service Providers (BSP) and in mFRR markets as a Balancing
Responsible Party (BRP).
The TSOs also agreed that aggregators can participate in congestion management markets as a service
provider with a single unit, or in capacity services or energy services when it aggregates flexibility from one
local Citizen Energy Community. However, only one of the TSOs agreed that an aggregator could participate
in these markets if it aggregates flexibility from geographically dispersed Citizen Energy Communities.
Similarly, more TSOs (40%) agreed with the statement that an aggregator can participate in the Reactive Power
markets when it aggregates flexibility from one local Citizen Energy Community rather than from dispersed
communities (to which only 20% of TSO stated that they agreed or strongly agreed).
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An aggregator can participate in the:
FCR market as Balancing Service Provider (BSP).

60%

FCR market as BSP with a single reserve-providing unit.

40%

FCR market as Balancing Responsible Party (BRP).

40%

aFRR market as Balancing Service Provider (BSP).

40%

aFRR market as BSP with a single reserve-providing unit.

20%

aFRR market as Balancing Responsible Party (BRP).

20%

mFRR market as Balancing Service Provider (BSP).

60%

mFRR market as BSP with a single reserve-providing unit.

40%

mFRR market as Balancing Responsible Party (BRP).

60%

RR market as Balancing Service Provider (BSP).´

60%

RR market as BSP with a single reserve-providing unit.

40%

RR market as Balancing Responsible Party (BSP).

40%

Congestion management markets as a service provider with a single unit when it aggregates flexibility from one local Citizen Energy Community.

60%

Congestion management markets as a service provider with a single unit when it aggregates flexibility from geographically dispersed Citizen Energy Communities.

20%

Reactive power markets when it aggregates flexibility from one local Citizen Energy Community.

40%

Reactive power markets when it aggregates flexibility from geographically dispersed Citizen Energy Communities.

20%

Reactive power markets as a service provider with a single unit when it aggregates flexibility from one local Citizen Energy Community.

40%

Reactive power markets as a service provider with a single unit when it aggregates flexibility from geographically dispersed Citizen Energy Communities.

20%

The Aggregator can provide:
Capacity services when it aggregates flexibility from one local Citizen Energy Community.

60%

Capacity services when it aggregates flexibility from geographically dispersed Citizen Energy Communities.

20%

Energy services when it aggregates flexibility from one local Citizen Energy Community.

60%

Energy services when it aggregates flexibility from geographically dispersed Citizen Energy Communities.

20%

Reactive power through bilateral agreements when it aggregates flexibility from one local Citizen Energy Community.

20%

Reactive power through bilateral agreements when it aggregates flexibility from geographically dispersed Citizen Energy Communities.

20%

Figure 2. The percentage of TSO respondents that answered ‘Agree’ and ‘Strongly Agree’ to questions about the participation of
aggregators in energy markets. Two of the respondents provided ‘No Answer’ responses to all the questions above. As such, a value
of 60% represents full agreement between the remaining three TSOs that provided opinions on each of the questions.

2.2.2 DSOs
Out of 14 DSOs contacted 5 DSOs from Portugal, Finland and the UK responded to the survey request. The
percentage of respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy
Communities, Virtual Power Plants, flexibility services, P2P trading and digital tools are shown in Figure 3.
In general DSOs agree that new digital tools are needed to access small flexible loads. VPPs may help DSOs
manage increase in renewables and EVs. Local P2P trading will likely need co-ordination with DNOs. ECs
probably won’t decrease grid losses or reduce grid management costs.
ECs and VPP tech could help DSOs:
Manage the increase in renewables
Manage the increase in EVs
Better visualise and forecast DER
Reduce grid management costs.
Decrease grid losses.
Additional revenue streams
Access and activate aggregated small flexible loads.

80%
80%
60%
40%
20%
60%
100%

Flexibility
Aggregation of 'behind the meter' flexibility can support grid management.
Local energy markets are important for end-uses to provide flexibility

60%
80%

P2P energy trading in local energy markets will:
Need coordination with the DNO
Incentivise deployment of DER

80%
60%

Digital tools
DNOs need new digital procurement tools to access small flexible loads.
Digital tools are important for end-users to provide flexibility

100%
100%

Figure 3. An analysis showing the percentage of DNO respondents that answered ‘Agree’ and ‘Strongly Agree’ to survey questions.
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DNOs expressed uncertainty around whether ECs and VPPs would ameliorate network congestion issues or
reduce network management costs.
“Depending on operation they [ECs/VPPs] could either support or distress the network”
“Cost reduction may not be the primary driver, instead it should be on benefits
creation/local benefits capture. Perhaps a higher cost service that delivers improved
whole systems outputs”
DSO open text responses noted barriers for P2P transactions in Energy Communities in the UK.
“[Regulation] DUoS impacts will remain unknown until DUoS Significant Code Review is
completed”.
“Other energy system entities will be competing for the flexibility - i.e., suppliers and other
aggregators”.
“Complexity and choice may be a barrier to consumer uptake (simplicity and automation
may be preferable)”.
“Customer behavioural challenges will be a key barrier - economic signal may not be
great enough for participation”.
Perceived benefits of Energy Communities for DSOs included:
“Improved whole system outcomes rather than a specific network or single consumer
focus”.
“May improve the local consumption/generation balance in lieu of lack of local wholesale
market signals”.
“Flexibility for reliability, control of LV bottle necks, possibly LV grid responsibility is
outsourced from DSO to community”.
Several technical challenges to enable DSOs to activate aggregated small flexible loads were highlighted:
“Specific control and visibility will be a challenge, but can instead be overcome with
aggregation and diversity”.
“Automation, basically activation could be done manually for daily basis, but it is not
useful for long term”.
Functionalities essential for Energy Community VPP platforms included:
“Registration & pre-qualification, baselining, bidding for framework contracts, declaration
and bidding for availability payments, activation and dispatch, asset or dispatch group
level monitoring, technical performance assessment, settlement”.

2.2.3 Retailers
Out of 19 retailers contacted 8 retailers from Portugal, UK and Finland responded to the survey request. The
percentage of respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy
Communities, Virtual Power Plants, P2P trading and digital tools are shown in Figure 4.
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In general retailers agreed, or strongly agreed, that energy communities are an important opportunity for
unlocking new revenue streams (100 % respondents) and reducing the cost of customer acquisition (88% or
respondents). Digital tools are important for end-users to provide flexibility (100% respondents) and that P2P
trading will not threaten the electricity retail business. Only 25% of respondents felt that P2P trading would
threaten the electricity retail business, with one respondent commenting that “I do not see that the scale of
P2P trading would create a serious threat for wholesale and retail electricity market (trading volumes). P2P
trading might not be possible for all customers anyway”.

ECs are important opportunity for Electricity Retailers.
Aggregating flexibity via a VPP can help retailers reduce deviations in buying energy in wholesale market.
ECs and VPP Platforms can unlock new revenue streams from aggregation and participation in balancing markets.
Digital tools (e.g. mobile apps and IoT) are important to encourage end-users to participate in ECs.
Digital tools (e.g. mobile app and IoT) are important to encourag end-users to provide flexibility to the grid.
Managing ECs can unlock new revenue streams
ECs can help Retailers reduce the cost of client acquisition.
ECs could generate greater interest for domestic customers by using indexed energy tariffs.
Real time monitoring via a VPP platform could help retailers make better wholesale market buying decisions.
Retailers need new digital aggregation tools to manage small flexible loads and participate in balancing markets.
ECs and VPP Platforms can unlock new revenue streams from aggregation and participation in balancing markets.
Discounts on grid access tariffs (DUoS charges) is a good initiative to encourage end-users to join Ecs
ECs could have an impact Retailers' financial income.
P2P energy trading in local energy markets is complementary to grid electricity supply.
P2P energy trading in local energy markets will be a threat to the Electricity Retailer business.

100%
100%
100%
100%
100%
88%
88%
88%
88%
88%
88%
88%
75%
63%
25%

Figure 4. An analysis showing the percentage of retailer respondents that answered ‘Agree’ and ‘Strongly Agree’ to survey questions.

Retailers noted that energy communities offer opportunity for themselves and new market entrants to
introduce new business models.
“Energy communities represent a chance for retailers to diversify away from pure retail
and allow others (non-retailers) to introduce new models”
New revenue streams that Energy Communities could enable for Electricity Retailers included:
“Management of surplus energy; forecasting needs; analysis of installed capacities and
yields”.
“New platforms and services for energy communities, data and analytic services,
aggregation of flexible energy resources, investments on distributed energy resources
and/or energy efficiency solutions”.

2.2.4 Renewable Energy Coops and Associations
Two renewable energy coops from Portugal responded to the survey request. The percentage of respondents
that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy Communities, Virtual Power Plants, P2P
trading and digital tools are shown in Figure 5.
In general, the energy coop respondents see promise in rise of ECs across the EU, boosting investment in
renewables and creating new revenue streams for co-ops. Digital tools are important for the management
and participation in ECs. Existing legislation may not be aligned with the goals of co-ops or mature enough to
drive creation of ECs. The EC framework is not a perceived threat to energy co-ops.
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The widespread implementation of ECs across EU Member States is realistic in the near future.
Citizen participation in ECs will empower consumers and boost investment in DERs.
The adoption of the EC framework will contribute to new revenue sources for Renewable Energy Coops
The adoption of the EC framework will contribute to new revenue sources for our associates.
Digital tools (e.g. mobile apps and IoT) will help EC Managers create and manage Energy Communities.
Digital tools (e.g. mobile apps and IoT) are important to encourage end-users to participate in ECs.
Digital tools (e.g. mobile apps and IoT) are important to enable end-users to provide flexibility to the grid.
Discounts on grid access tariffs (DUoS charges) will contribute to end-users joining ECs.
Changing consumption profiles, due to control of flexible loads, will lead to new energy tariffs.
Customer flexibility can help overcome unpredictability due to renewable energy production.
The EC framework is in line with the main goals of my institution.
Current national legislation is mature enough to allow the creation of Energy Communities.
The control of flexible loads could lead to problematic privacy issues for community members.
ECs will have a high impact in helping to solve grid congestion issues.
The EC is a competitor framework for Renewable Energy Coops
Current national public incentives strongly support consumer transition to renewable energy Ecs
It is feasible to have an Energy Community between two neighbouring countries.

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
50%
50%
50%
50%
0%
0%
0%

Figure 5. An analysis showing the percentage of Renewable Energy Coops and Associations that answered ‘Agree’ and ‘Strongly
Agree’ to survey questions.

Free text responses around additional public incentives/policies that could accelerate Energy Community
deployment included:
“The government must define whether it wants to support the end customer, or the
creation of energy communities. There is a lack of support for the creation of
communities, such as guiding guides, funding lines, etc...”

“Access to template for legal documentation required to register new Energy
Communities. Tax exemptions (or in general discounts) on grid tariff to be paid for local
energy sharing. Simplified and rapid processes to register new projects. Support entities
to support citizens and SME in the registration process"

2.2.5 Municipalities
Five municipalities from Portugal, UK and Finland responded to the survey request. The percentage of
respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy Communities, Virtual
Power Plants, P2P trading and digital tools are shown in Figure 6.
All the municipality respondents agreed or strongly agreed that they should develop local incentives to
support the transition of citizens to energy communities (100%) and that municipalities should lead on the
creation (i.e., the formation) of energy communities (100%). However, only around half (60%) of
municipality respondents thought that they should assume the lead on the management of Energy
Communities.
“As long it assumes the municipality doesn't provide money to set up and manage but it
should lead by example. The municipality can also lead by channelling central gov funds
to energy communities”.
The respondents felt that ECs created and managed by Municipalities could help engage other consumers
and prosumers (100% of municipality respondents agreed or strongly agreed with this statement) and that
digital tools are important to help encourage end-users to participate in ECs (100% agreed or strongly
agreed).
Most respondents (80%) thought that the creation of ECs will increase local investment and develop new
revenue streams and that the creation of ECs by the Municipalities will decrease local authority building costs
and create new revenue streams. Furthermore 80% of respondents agreed or strongly agreed that Energy
Communities will increase local energy resilience.
13
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Municipalities should develop local incentives to support locals transition to renewables or ECs
ECs created and managed by Municipalities could help engage other consumers/prosumers.
Municipalities should assume the lead on the creation of Energy Communities.
Digital tools (mobile app and IoT) will help Community Managers to create and manage ECs
Digital tools (mobile app and IoT) are important to encourage end-users to participate in ECs
The creation of ECs will increase local investment and develop new revenue streams.
The creation of ECs by the Municipalities will decrease LA building costs and create new revenue streams
Energy Communities will increase local energy resilience
Municipalities should assume the lead on the management of Energy Communities.
Buildings owned by Municipalities must be active members of the Energy Community framework
ECs created and managed by Municipalities should participate on P2P energy trading markets
Current national public incentives strongly support consumers transition to renewables and ECs.

100%
100%
100%
100%
100%
80%
80%
80%
60%
60%
40%
20%

Figure 6. An analysis showing the percentage of Municipalities that answered ‘Agree’ and ‘Strongly Agree’ to survey questions.

Only 20% of municipality respondents felt that existing national public incentives strongly support consumers
transition to renewables and ECs.
“There probably are some policies but people are note really aware of them and costs
money to get equipment and solar”.
“Not enough awareness raising, and incentives put in place to motive citizens to form
energy communities”.
Major advantages enabled by energy communities for municipalities included:
“[The potential to] Reduce fees to access the electric grid Reduce the cost of energy spent
with public buildings"
"…maximise the use of low carbon renewable generation"
"Security of energy, cheaper energy, fair price…”
"Costs saving, improving the socio-economic and environmental portfolio of cities in
tackling energy ad climate challenges…”

When asked to list additional public incentives or policies to accelerate Energy Community deployment the
municipalities responded with:
“Public funds to deploy [for] investment in infrastructure for energy production”.

“… Government [should] stimulate local authorities to support [ECs] through additional
financial resourcing…”
“Tax exemptions [would be] key incentive”

2.2.6 Regulatory Entities
Three regulatory entities from the UK, Finland and Portugal responded to the survey request. The percentage
of respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy Communities, Flexibility,
P2P trading and digital tools are shown in Figure 7.
All of the regulatory entity respondents (100%) thought that ECs could help reduce energy poverty and that
flexibility could help tackle challenges with intermittent renewables.
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None (0%) of the respondents felt that ECs themselves will have a positive impact on network stability and
energy resilience and none thought that DUoS discounts were a good initiative to drive EC roll out.
“[Network stability is] very technical and depends on the location. Most of the converters
cannot feed to a "cold" network thus lowering the resilience potential”.
“[DUoS discounts would be] good for the end user perhaps but not for the system as a
whole - those avoided costs are then transferred to others to pay”.
“the [DUoS] discounts should reflect the avoided costs. Otherwise, there is the risk of cross
subsidization”.
Most (67%) of the respondents thought that the implementation of Citizen Energy Communities across the EU
is realistic in the near future, however one respondent noted that:
"The existing market structures in many countries and especially the UK (not EU) are not
designed for this approach. the incumbents cannot see the benefit and will block
meaningful advance fiscally”.
Most (67%) thought that existing national regulation is mature enough to allow creation of Renewable ECs
although one respondent felt that further improvements to legal frameworks are required to enable the
creation and management of Energy Communities.
“The market is dominated by incumbents who will not benefit from the decentralisation of
the system".
Most (67%) also thought that more financial incentives and support measures are needed to foster the
deployment of DER and load balancing.
ECs can have a positive impact on energy poverty issues.
Digital tools (mobile app and IoT) are important to engage end-users in ECs.
Digital tools (mobile app and IoT) are important to engage with end-users to provide flexibility to the grid.
Customer flexibility can help tackle problems related to the unpredictability of renewable energy production.
Implementation of Citizen Energy Communities across the EU is realistic in the near future.
Current national regulation is mature enough to allow creation of Renewable ECs.
More financial incentives and support measures are needed to foster the deployment of DER and load balancing.
P2P energy markets are a threat to existing energy market business models.
Market available hardware tech (e.g. smart meters, etc) are reliable enough to allow management of EC energy assets
Use of blockchain technology to register energy transactions is important to overcome trustiness issues.
The flexible loads control can lead to problematic privacy issues regarding the community members.
The change of consumption profiles, due to the flexible load control, will help develop new energy tariffs.
Further improvements to legal national frameworks are required to allow creation of ECs
Discounts on grid access tariffs (DUoS charges) is a good initiative to encourage end-users to join ECs.
ECs can have a positive impact on the network stability, power quality levels and energy resilience.
There is the need for the development of a specific certification for the digital tools used for ECs
It is feasible, in terms of regulatory framework, to have a EC between two neighbouring countries.

100%
100%
100%
100%
67%
67%
67%
67%
67%
67%
67%
67%
33%
33%
0%
0%
0%

Figure 7. An analysis showing the percentage of Regulatory Entities that answered ‘Agree’ and ‘Strongly Agree’ to survey questions.

The barriers and threats for the establishment of Energy Communities reported by the respondents were:
"Market mechanism, scale, capability and capacity of all local communities".
“Investment challenge, availability of components”
“The complexity of agreements between participants and management entities that have
to address eventual problems, rules, penalties, operation, etc.”
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“The scale of the community. For example, solving several small issues/problems may
bring great costs. This leads to the existence of specialized services with professional
solutions."
Additional public incentives/policies suggested by respondents to accelerate Energy Community deployment
included:
"Development capital availability. The role of local government in Energy Community to
be clarified".
“Subsidies should be avoided”.
"The removal of obstacles of administrative, legal and technical matters that are
necessary for the operation and design of these communities. Make templates available
for documents such as regulations, data access minutes, authorizations, etc. And
providing legal and technical consulting for project development”.

2.2.7 Other European Associations
Three European Associations from Germany, Portugal, Greece responded to the survey request. This category
of stakeholder was established to help the FleXunity project better understand the opinions that renewable
energy associations have on the impact that Citizen Energy Communities could have at a business,
environmental and social level. Respondents included an island cooperative that promotes economic and
social enhancements, including energy autonomy for its inhabitants, and a lobby group and community
platform for individuals committed to the decentralized citizen energy transition. The percentage of
respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy Communities, Flexibility,
P2P trading and digital tools are shown in Figure 8.
Widespread Citizen Energy Communities across the EU is realistic in the near future.
The actual framework for ECs is in line with our main goals.
Citizen participation in ECs will empower consumers and boost the investment in distributed renewables.
The adoption of the EC framework by citizens will contribute for new revenue sources for our associates.
Digital tools (mobile app and IoT) will facilitate the role of a Community Manager in the creation of Ecs
Digital tools (mobile app and IoT) are important to engage end-users in ECs.
Digital tools (mobile app and IoT) are important to engage end-users to provide flexibility to the grid.
Discounts on grid access tariffs (DUoS charges) is a good initiative for end-users to join an EC
Current national public incentives strongly support consumers transition to renewables ECs.
The control of flexible loads can lead to problematic privacy issues regarding the community members.

100%
100%
100%
100%
100%
100%
100%
100%
0%
0%

Figure 8. An analysis showing the percentage of ‘Other European Organisations’ that answered ‘Agree’ and ‘Strongly Agree’ to survey
questions.

Responses from this group of stakeholders were very aligned with all respondents agreeing or disagreeing
together. All of the respondents felt that it is realistic that Citizen Energy Communities could be widespread
across Europe in the near future and that citizen participation in ECs will empower consumers and boost the
investment in distributed renewables.
All respondents thought that the EU legal framework for ECs is in line with their main business, environmental
and social goals and that the adoption of the ECs by citizens will contribute to new revenue sources for the
organisation’s associates. All respondents also felt that discounts on grid access tariffs (DUoS charges) is a
good initiative for end-users to join an EC.
This group of stakeholders also all felt that Digital tools (e.g., mobile app and IoT) are important for the
management of and creation of ECs, for engaging end-users in ECs and for those end-users to provide flexibility

16

D6.3 – System validation and evaluation
to the grid. None of the respondents thought that the control of flexible loads would lead to privacy issues of
their community members.
“Privacy can be managed”.
None of the respondents thought that existing national public incentives strongly support consumers
transition to renewables ECs.
“Many countries are still not implementing directives, or when they are the regimes are
really not favourable and equitable”.
“What is missing are regulatory frameworks that make it easy and profitable (for
members) to build the communities, and outsource their operation to companies that do
this as their bread and butter”.
Suggested new revenue streams for this group of stakeholders included:
"Sale of energy produced in the REC. Sale of flexibility for balancing markets. Benefits for
customers for consuming cheaper energy or prosumers being available to sell their
surplus energy under better financial conditions"
Recommended public incentives/policies to accelerate Energy Community deployment included:
“Network tariffs that are fair and equitable as the communities won't use the totality of
the grid so they shouldn't be paying for it”.

2.2.8 Experts on FleXunity related areas
Of the 29 experts on distributed energy resources, demand response and smart grids contacted, 16 from
Portugal, UK, Greece, Switzerland, Finland, Estonia, USA and India responded to the survey. The percentage
of respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy Communities, Flexibility,
P2P trading and digital tools are shown in Figure 9.

Digital tools (mobile app and IoT) are important to engage end-users in ECs.
Digital tools (mobile app and IoT) are important to engage with end-users to provide flexibility to the grid.
Customer flexibility can help tackle problems related to the unpredictability of renewable energy production.
ECs will play an important role on the provision of network ancillary system services.
ECs can have a positive impact on the network stability, power quality levels and energy resilience.
Market available tech (e.g. smart meters, etc) are reliable enough to allow management of EC energy assets
Digital tools (mobile app and IoT) are of extreme importance to facilitate the creation and management of ECs.
Implementation of Citizen Energy Communities across the EU is realistic in the near future.
ECs can have a positive impact on energy poverty issues.
ECs will provide new revenue streams for multiple stakeholders (e.g.: retailers, consumers, prosumers).
Discounts on grid access tariffs (DUoS charges) is a good initiative to encourage end-users to join ECs.
Current national regulation is mature enough to allow creation of Renewable ECs.
ECs are mainly feasible for P2P energy trading.
Current algorithms cannot provide reliable forecasts and optimization required for EC management
It is feasible, in terms of regulatory framework, to have a EC between two neighbouring countries.
The control of flexible loads can lead to problematic privacy issues regarding the community members.

100%
100%
100%
94%
94%
94%
94%
88%
88%
88%
81%
75%
63%
44%
44%
44%

Figure 9. An analysis showing the percentage of ‘Experts on FleXunity related areas’ that answered ‘Agree’ and ‘Strongly Agree’ to
survey questions.
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All respondents thought that customer flexibility can help tackle problems related to the unpredictability of
renewable energy production and that digital tools (e.g., mobile app and IoT) are important to engage endusers in ECs and for those end users to provide flexibility to the grid.
Most respondents (94%) feel that ECs will play an important role on the provision of network ancillary system
services and can have a positive impact on the network stability, power quality levels and energy resilience.
Furthermore, most respondents (88%) thought that the creation of Citizen Energy Communities across the EU
is realistic in the near future and that ECs can have a positive impact on energy poverty issues and will lead to
new revenue streams for multiple stakeholders (e.g.: retailers, consumers, prosumers).
The majority (81%) of respondents thought that discounts on grid access tariffs (DUoS charges) is a good
initiative to encourage end-users to join ECs. 75% of respondents felt that existing national regulation is
mature enough to allow creation of renewable ECs however one respondent noted that:
“… for coordinated generation, storage and demand the UK policy framework has
significant barriers to participation of this kind and is dependent on grant funding”.

Responses to the main barriers and threats for the establishment of Energy Communities included themes
such as (i) complexity of Energy Community proposition for typical ‘energy illiterate’ end users and potential
investors (ii) lack of incentives, unfair charges or taxes or lack of funding, (iii) uncertain regulatory
environment.
“Scepticism of novel solutions. Lobby of DSO's to protect their market. Motivation and
remuneration of community leaders”.
“Incentives to do so that are sustainable in the midst of the electric power industry
operating and billing/settling under influence of traditional industry policies, and without
risk to the affordability of maintaining electric service reliability”.
"Stakeholders' energy illiteracy; political decisions (or lack of decisions) not aligned with
the electrification and decarbonization of the economy, regulatory and/or administrative
measures that condition the successful development of projects of this nature; lack of
knowledge and adequate professional training for installers and maintenance"
"Complexity - it is incredibly difficult to communicate innovation projects at the best of
times and these projects are very complex”.
“The energy community concept is not easy to be understood (and to be explained) by (to)
some consumers (as possible future members of the communities)."
"Threats: unstable regulatory environment"
“Current energy taxation, opposition from current market players”.
"Lack of clarity of regulation, Lack of knowledge from citizens"
"Regulatory barriers, funding needs”
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Suggestions on new revenue streams that could be enabled by Energy Communities included the wider social
and economic benefits that ECs could provide flexibility, ancillary and energy trading services and localised
time of use tariffs.
“Sale of locally produced energy, PPP [public-private partnership] models enable
municipalities to release funds for other locally needed investments (e.g., establishment
of industrial zone, funding for teachers and instructors that will result in higher
educational and expertise level of local people resulting in higher incomes)”.
“Energy savings may be invested to generate revenues to be shared among community
members e.g., investing in EV chargers. These revenues can also be used for other types of
social benefits to the communities, such as re-investing in small businesses generating
more revenues and socio-economic development”.
“Flexibility services”.
"Ancillary service provisions, provision of flexibility services, demand response
participation"
"Trading energy and capacity from community owned assets with community members”.
“Hyper-local ToUT designed with Suppliers (potential for customer acquisition benefits for
the convener of this)"
Responses around additional public incentives/policies to accelerate Energy Community deployment included
the potential role that municipalities could take in promoting ECs, more regulatory easement to enable ‘sand
pit’ testing of novel energy management, incentives, funding and reduced network tariffs for energy
communities.
“Local public authorities [should be] obliged to support the formation of local energy
communities via membership or via providing public sites for renewables production”.
"Sandpit mechanisms to allow for trialling the use of control systems and development of
appropriate regulation of connection offers that can account for their use in managing
potential constraints”.
"Funding needs regarding equipment (solar panels, inverters and batteries).
“Incentives to purchase electrical energy storage equipment."
“Reduced/adjusted/aggregated network tariffs for energy communities”.

2.2.9 End Users (FleXunity recruits)
18 end users from the FleXunity Iberian and UK pilot energy communities responded to the survey. The
percentage of respondents that ‘Agreed’ or ‘Strongly Agreed’ with the statements around Energy
Communities, Flexibility, P2P trading and digital tools are shown in Figure 10.
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UK
Considering Covid-19, the installation of equipment is progressing according to my expectations
Current public incentives strongly support consumer transition to renewables abd ECs
Participation in ECs may reduce overall energy costs for end users and for the whole society
The benefits of ECs will only be realized if most of my neighbours adopt the concept
I would recommend the concept of an EC and associated technologies to my neighbours
Citizen participation in ECs will empower consumers and boost investment in renewables
Digital tools are important to encourage end-users to participate in ECs
The low maturity of the EC framework and tech, is an important obstacle for the participation of users.
I am happy with the project’s engagement process and the communication
The automatic control and optimisation of my devices connected to a smart plug will decrease my comfort levels
Automatic control of electric devices and energy generation will optimise my self-consumption leading to significant savings on my energy bills
I would be happy to recommend FleXunity tech and app to a friend to help them optimise their own consumption.
I would be happy to use the FleXunity app to sell my excess solar generation and load flexibility to the grid.
If I could sell excess production to an energy community I'd like to be able to change how much to sell for, when to sell at least once a month
I'd like to receive notifications, via the FleXunity app, throughout the day letting me know when I can make money by selling my excess energy
I'd like to have the possibility to overwrite decisions made automatically by the FleXunity app.
I'd be happy to receive emails or app notifications with energy reports of my home/building.
Having energy monitoring and control equipment will help me take actions to increase my energy efficiency and reduce my energy bills.
I expect that the ability to exchange energy between EC members will be an important revenue stream for me.
I'd like the FleXunity app to predict the my earnings before I choose to participate in different energy markets.
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80%
80%
80%
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90%
80%
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80%
70%
80%
100%
70%
80%
90%
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100%
100%
0%
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100%
100%
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100%
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100%
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Figure 10. An analysis showing the percentage of UK (n=10), Spanish (n=6) and Portuguese (n=2) FleXunity end users that answered
‘Agree’ and ‘Strongly Agree’ to survey questions.

In general, FleXunity recruits thought that ECs can reduce overall energy costs (80% of UK respondents and
100% of Spanish and Portuguese respondents agreed or strongly agreed). Most (90 to 100%) of respondents
thought that energy monitoring and control devices will help reduce bills, however, fewer felt that automated
control of flexible loads (i.e., demand management) could lead to significant savings on energy bills (83% of
respondents in Spain, 80% in the UK and 50% in Portugal).
Most (80 to 100%) recruits indicated that they would be happy to use the FleXunity app to sell excess solar
generation and load flexibility to the grid and (100% of UK and 83% of Portuguese respondents) stated that
they would like to be able to change their sell price, and when to sell, at least once a month. However, only
50 to 67% of respondents expect that peer-to-peer energy trading between EC members will be an important
revenue stream for them.
Most recruits thought that remote, automated control of flexible device would not decrease comfort levels
(Only 10% indicated that it might decrease comfort levels) and (80% to 100% of respondents) felt that they
were happy with engagement process and communications.
Pilot participants (80% in the UK to 100% in Spain and Portugal) would be happy to recommend the concept
of ECs to neighbours and would also be happy to recommend version 1 of the FleXunity app (released
November 2021) to a friend to help them optimise their consumption.
End user respondents thought that participation in ECs may reduce overall energy costs for the end users and
for the whole society (80% to 100% of respondents) however (90 to 100%) of respondents also thought that
the low maturity of the EC framework and technology, is an important obstacle for user participation.
Only 50% of UK respondents thought that existing public incentives strongly support consumer transition to
renewables and ECs.
The main reported reasons why end users chose to participate in FleXunity project included the desire to save
money and potentially make money from solar generation. Some participants were interested in using new
technology to give them a better understanding of their energy generation and consumption. A number of
recruits wanted to assist with the local community and contribute to carbon reductions and sustainability.
“Save energy as well as save money”.
“To use energy efficiently, save money and make money from my solar panels”.
“Interested in the new technology and way of thinking”.
“Monitoring of imported electricity against the generation”.
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“I believe it's an important step towards a sustainable future, and the need for shared
energy will only become more vital as time goes on”.
“Exploration of eco/green energy opportunities, awareness of need to reduce carbon
emissions, fascination with use of tech for good”.
“To assist the local community”.
A second survey was sent to FleXunity end users in May 2022 to capture opinions on their overall satisfaction
of the FleXunity experience, whether they would recommend the FleXunity app following the May 2022
version 2 release. Six end users from the FleXunity Iberian and UK pilot energy communities responded to the
survey
Most respondents (67%) indicated that the FleXunity app helped them save energy with two respondents
stating that the app has helped them change their behaviour after seeing their consumption profiles.
"[The app has helped me] Reducing the use of electricity on peak times”.
83% of the end users indicated that the app has had no adverse impact on their levels of comfort at home or
office. 67% correspondents stated that they usually used the FleXunity app to monitor energy consumption
and production and one user indicated that they usually used the app to control devices connected to their
smart plugs.
One respondent reported that they use the FleXunity app daily, two use the app once a week, one uses the
app once a month while the remaining two respondents use the app less than once a month.
One respondent from the Spanish pilot did rate the app’s ease of use as 'poor’ and stated that the app “does
not save the password from one access to the next, impossible to modify the name or icon of plug, impossible
to program the plugs”. Although these functionalities are available in the app it does indicate that the ease of
navigation, access and login and system performance could be improved.
However, based on respondents ranking of how likely they were to recommend the FleXunity app to a friend
or colleague the app received a net promoter score (NPS) or zero which is ranked Good (NPS scores typically
range from -100 to +100). 67% of respondents stated that they were satisfied, or extremely satisfied, with the
overall FleXunity app experience and also rated the app’s ease of use as very good.
When asked what would make users more likely to recommend the FleXunity app to others the respondents
indicated:
"Being able to not only monitor but also remotely control many more high electricity
usage equipment in the house”.
“Once the monetisation is finalised it will certainly become a worthy app to recommend."

2.2.10 Ranked VPP platform functionalities
To guide FleXunity VPP platform development for market roll out a subset of stakeholder groups were asked
to rank a series of VPP platform functionalities (Figure 11).
In general, all functionalities ranked relatively highly except the need to use Blockchain technology to record
energy trading transactions which received a scores between 13% and 63% (of the maximum possible score)
for each stakeholder group.
Stakeholder groups generally felt that crediting end users for their energy flexibility, tracking energy
transactions and billing end users for the energy they have consumed were important VPP functionalities.
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The remaining proposed functionalities all scored well with Municipalities and Renewable energy co-ops
scoring certain technical elements lower than other stakeholder groups (e.g., price, settlement and
confirmation of flexibility transactions, creating and adjusting flexibility bidding programs and monitoring
activation of flexibility programs) presumably because these stakeholders feel that they will not be the actors
performing these tasks.
DSOs and experts on FleXunity related areas felt that price, settlement and confirmation of flexibility
transactions were important functionalities giving this functionality 96% and 93% (of the maximum possible
score) respectively.
Experts on FleX
related areas
(n=16)

DSOs
(n=5)
Crediting end users for their energy flexibility.
Tracking energy transactions.
Billing end users for the energy they have consumed.
A map showing the portfolio of energy communities.
Ability to monitor KPIs.
Show aggregated flexibility (real and forecasted).
Price, settlement and confirmation of flexibility transactions.
Create and manage pools of assets.
Reporting on economic performance.
Create and adjust flexibility bidding programs.
Economic overview of flexible assets.
Monitoring activation of flexibility programs.
Enable multiple analyses of KPIs.
Use of Blockchain technology to record energy trading transactions.

92%
96%
84%
72%
76%
80%
96%
84%
76%
84%
76%
76%
72%
40%

91%
94%
91%
80%
88%
85%
93%
89%
88%
89%
79%
89%
80%
58%

Other EU
organisations
(n=3)

Municipalites
(n=5)
96%
60%
96%
92%
72%
80%
60%
80%
60%
52%
76%
40%
52%
52%

Retailers
(n=8)

67%
80%
67%
73%
60%
60%
60%
60%
80%
60%
60%
60%
53%
13%
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Renewable Energy
Coops and
Associations
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Figure 11. Stakeholder ranked responses to proposed VPP platform functionalities. Each respondent was asked to rank functionalities
according to the perceived importance (a value of 5 being very important and 1 not important). To allow comparison of responses
between stakeholder groups with different number of respondents, results for each functionality were summed and expressed as a
percentage of the maximum possible score that a functionality could receive based on the number of respondents in each stakeholder
group. For example, a value of 92% for a functionality indicates that the sum of respondent’s values was 92% of the maximal possible
score (i.e., if each respondent had ranked it at a value of 5).

Pilot end users were also asked to rank certain VPP functionalities. In general, the ability to monitor
performance as money earnt or CO2 saved was the highest overall ranking functionality. Interestingly the
lowest scoring functionality overall was the ability to overwrite setpoints proposed by the VPP. This indicates
that recruits have some confidence in the ability for FleXunity to determine appropriate set points for flexible
loads. In the UK the use of blockchain to record energy trading transactions was ranked low (46%), however,
in Spain and Portugal respondents indicated that this was important scoring this functionality as 80% and 100%
important respectively. The remaining three functionalities scored between 66% and 90% indicating that they
were good functionalities that would be used by users.
UK
Showing your performance (e.g. money earnt, CO2 saved) vs.the EC
Use of e-contracts to update your energy flexibility preferences.
Dashboard reports of the money earnt from allowing the VPP to control your flexible load.
Use of Blockchain technology to record energy trading transactions.
Tips and suggestions for sustainability and energy efficiency improvements.
Ability to overwrite the setpoint proposed by the VPP for your controllable loads at any time.

ES
72%
66%
70%
46%
66%
54%

PT
83%
77%
70%
80%
80%
53%

90%
90%
90%
100%
80%
90%

Figure 12. Pilot end user ranked responses to proposed VPP platform functionalities. Each respondent was asked to rank
functionalities according to the perceived importance (a value of 5 being very important and 1 not important). UK respondents n=10,
Spanish (n=6) and Portuguese (n=2).

2.2.11 Summary for Task T6.3
Survey of the UK and Iberian pilot recruits revealed that the majority feel that ECs can reduce overall energy
costs and could lead to significant savings. In addition, most end users felt that energy monitoring and control
devices will help reduce bills. FleXunity recruits would recommend the concept of ECs to their neighbours
In general, the end users were happy with the project’s engagement process and communications would be
happy to recommend the FleXunity app to a friend, although room for systems and app improvements were
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noted by one pilot participant. End user respondents also reported that they felt that remote, automated
control of flexible device will not decrease comfort levels. From the results of the survey, we conclude that
demand management, energy savings and occupant comfort can be accommodated by a VPP and energy
community solution such as FleXunity.
Across the wider group of stakeholders, information informing market roll out includes the broad consensus
that new digital tools such as mobile apps and Internet of Things (IoT) are important for end user participation
in, and community management of ECs.
Most TSOs, regulatory entities and retailers thought that ECs will play an important role on the provision of
ancillary services or flexibility for the grid. Retailers agreed that energy communities are an important
opportunity for unlocking new revenue streams, however TSOs were not sure if ECs could enable competitive
tariffs.
On customer engagement, retailers generally felt that ECs could reduce the cost of customer acquisition.
Municipalities thought that they could help engage consumers and prosumers to join ECs and should develop
local incentives to support the transition of citizens to energy communities. However, few municipality and
coop respondents felt that existing national public incentives strongly support consumers transition to
renewables and ECs. All of the regulatory entity respondents (100%) thought that ECs could help reduce
energy poverty and that flexibility could help tackle challenges with intermittent renewables.
This task enabled the contact of over 100 high quality, non-end user, stakeholders by email and phone enabling
dissemination of the FleXunity project and yielded a survey response rate of 47%.

3 System validation and evaluation (T6.4)
Following the T6.1 (site surveys and audits), the T6.2 (pilot installations), and the T6.3 (stakeholder groups
surveys and feedback), the task T6.4 focuses on the system validation and evaluation aspect of the FleXunity
main developments to ensure that all the installed systems and equipment are communicating with the
FleXunity Platform and performing their required precise function.
As part of the T6.4 system validation activities, the integrated functionalities of the FleXunity systems and
devices were constantly being tested and validated, during and after their deployment on the pilot sites. These
tests, that were also performed in Cleanwatts labs, before the equipment shipment and deployment, have
successfully identified and triggered the fixing of several development bugs. In addition, after each pilot site
deployment, an automated report that lists device and communication issues is sent every day to the pilot
implementation partners (EC managers) and Cleanwatts so that actions can be taken to resolve any technology
issues that arise rapidly.

3.1 Methodology
The FleXunity´s Power Flexible Communities solution (also referred on the texts as the “FleXunity platform”)
was tested and validated from different perspectives/dimensions. Firstly, since FleXunity strongly relies on
communications, the operation of the communications architecture was assessed and evaluated. Secondly,
the performance of the FleXunity platform itself, proving the value of FleXunity´s solution and the benefits
delivered to multiple relevant stakeholders in terms of energy and cost savings, was also assessed and
evaluated by means of real-world deployments. To do so, several KPIs were established, categorized in
different dimensions, such as technical, environmental, economic, social, ICT KPIs, to effectively measure and
prove the value of FleXunity project, and the benefits delivered to key relevant stakeholders.
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3.1.1 Communications Infrastructure Validation
The FleXunity platform strongly relies on the hybrid and hierarchical machine-to-machine (M2M)
communications architecture. It leverages on different communication methods and protocols to connect the
FleXunity platform with the interfaces of different hardware and software modules developed o manage,
optimize, and control energy consumption and production resources. The platform also delivers energy
flexibility-based services to the various actors in the energy value chain. Against this background, it was
decided that the overall FleXunity validation plan must incorporate the assessment and evaluation of the
performance of such communications infrastructure in a real-world environment. The FleXunity´s
communications related infrastructure was tested and validated in the following ways:
•
Equipment proper installation and functionalities validation per pilot site;
•
Since that the platform strongly relies on communications, the functioning of crucial
communications architecture was assessed and evaluated;
•
The data being acquired and stored on the database was analysed in terms of consistency with
the energy assets being monitored/controlled;
•
Remote operations with local validation were conducted, to ensure proper functioning of the
devices.
The main issues being encountered during the testing and validation were as follows:
•
•
•
•
•

Communication failures between smart plugs, transmitters and the FleXunity HEMS Hub units
caused by range issues and obstructions in the communication line of sight;
Internet outages causing the IoT devices to go offline and not always automatically reconnect;
Users changing their WiFi passwords placing the gateways and all equipment offline (e.g., smart
meters);
User behaviours (e.g., unknowingly unplugging a device or moving a device so that it is out of the
range of the gateway hub unit);
IR controllers not pointing directly to the air conditioning unit receiver.

Intermediate results during the activities of T6.4 validation and evaluation activities indicated that alternative
configurations for the control and test home smart plugs had to be explored. A number of homes require the
installation of additional smart plugs to act as repeaters to overcome encountered communication issues. T6.4
results also indicated that the modems at non-residential sites had to be reconfigured to increase data
transmission limits to mitigate intermittent device communication issues, as the SIM cards used had small
thresholds in terms of data transmission.

3.1.2 Energy and Cost Savings Benefits Validation
The FleXunity system is focused on managing, optimizing, and orchestrating the EC members energy
consumption and production through the scheduling of EC members' energy flexibility (implemented using
flexibility offers concept) to deliver energy flexibility-based services to the various actors in the energy value
chain. Furthermore, the development of such a FleXunity ICT platform boasts number of benefits, including
energy and cost savings for EC members, but also promises lower GHG (greenhouse gas) emissions, higher
reliability of the electric power system, and lower operating costs. In this context, parameters such as Selfconsumption, Self-sufficiency, total energy cost (TCO), Grid balance would be measured to test and validate
the main benefits of FleXunity ICT platform through comparing the energy consumption data and costs before
and after the installation of the solution. However, it should be noted that this report is not meant to
exhaustively present all tests performed, but to summarise the system validation and evaluation in a form of
“KPI cards” presented in (Evaluation metrics and KPI cards section).
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3.2 Demonstration and evaluation scenarios
In the following subchapters the different demonstration sites and evaluation scenarios are described.
Besides the data being collected in the two pilot demonstrators in UK and Iberia, there is data being collected
in different project tasks that provide the necessary insights for the evaluation performed on this report. These
tasks are evaluating or performing calculations using different scenarios and are mainly the following:
•
•

•
•

T3.3 – New EC Business Models implementation
o Performing the evaluation of the different Business and Procurement Models.
T4.3 – Simulation and evaluation of EC flexibility services impact
o Dedicated to the simulation and evaluation of the provision of ancillary services from the
established demonstration sites.
T5.3 – Dashboard testing and validation
o Performing the testing and validation of the dashboards.
T6.3 – Stakeholders feedback and system optimization
o Which performed several surveys to the different stakeholders.

3.2.1 Pilot installations – Energy Communities
The FleXunity project has established two pilot flexible energy communities located in the UK and in Iberia
(Spain and Portugal). The UK pilot is based in the Borough of Corby in the county of Northamptonshire and is
representative of a geographically localised flexible energy community. In contrast, the Iberian pilot, is
representative of a distributed energy community with participants located across two countries: Portugal and
Spain.
The pilot Energy Communities (EC) are composed of a mix of homes and non-residential sites (Table 2). The
report from Deliverable 6.2 (D6.2) provides a final record of the equipment and devices that have been
installed across each pilot site and provides details of any adaptations there were made to optimise monitoring
and control of pilot site energy systems.
Table 2 – Summary of the residential and non-residential composition of the UK and Iberian pilot communities.

Community member location
UK pilot (Corby)
Iberian pilot (Spain)
Iberian pilot (Portugal)

Test Homes
(with solar PV)
20
19
1

Control Homes
(no solar PV)
10
5
5

Non-residential sites
(with solar PV)
4
4
2

Each community member has some form of flexible load and has provided consent for the FleXunity project
to control and manage the flexible load. The common forms of flexible loads include: refrigerators, electric
heaters, air conditioning and HVAC systems which allow changes to the on/off profile and temperature set
points.
The project has deployed all necessary IoT equipment and cloud-based platforms at each community member
site to enable the project to control and manage the communities collective demand response flexibility. A
subset of homes and businesses have received PV and battery storage systems and Vehicle-to-Grid (V2G)
charging stations.
The flexible energy communities generate a significant pool of aggregated flexibility which, dependent of the
country legal frameworks, can be made available to the energy markets. The total aggregated potential
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flexibility for the UK pilot is estimated to be around 215.5 kW (not considering one building with electric
heaters) and for the Iberian pilot it is estimated to be around 115.52 kW.
Table 3- An overview of the number of test homes, control homes and non-residential sites in the UK and Iberian pilot flexible energy
communities with estimates of total annual consumption, flexible capacity, PV generation and battery storage for each cohort.

Pilot

UK

Iberia

Cohort

Number of
recruits

Annual
consumption
(kWh)

Total flexible
capacity (kW)

PV Power
(kWp)

Battery storage
(kWh)

V2G
chargers
installed

Flexible
loads

Nonresidential

4

7,680,000

213.34

135

60

4

HVAC and
heaters

Test home

20

64,575

56

-

-

-

-

-

2.17

Control
home

10

71,660

Total

34

7,816,235

215.51

191

60

4

Nonresidential

6

318,200

73.78

58

30

4

Test home

20

102,530

46

15

-

-

-

-

104

45

4

Control
home

10

97,754

Total

36

518,484

41.73

115.52

Fridges and
freezers

HVAC
HVAC and
heaters

A total of about 380 IoT devices were installed on all the pilot sites, which include energy monitoring and
management devices such as smart meters, smart plugs and infra-red (IR) controllers for HVAC systems. The
smart plugs, besides the energy monitor capabilities also allow on/off control of connected appliances (e.g.,
electric heaters). All the local installed devices, exchange information with a concentrator hub or gateway
which in turn transmits it to the project cloud database and is also responsible for the orchestration of the
local energy assets according to the instruction released by the FleXunity Platform.
The four UK non-residential pilot sites comprise an industrial food manufacturer, an industrial equipment
manufacturer, a business centre and a depot site for the local council.
The UK pilot test homes consist of 20 homes with solar PV panels already installed, with annual electricity
consumption values ranging from 1176 kWh to 6539 kWh (median of 2,788 kWh per year). Their PV installed
capacities range from 1 kW to 4 kW with most homes having either a 2 kW (37%) or 4 kW (37%) array. Domestic
flexible loads, such as air conditioning, are not common in the UK. Few homes had any form of electric heating
or heat pumps, most households had gas central heating. Recruits that did have a heat pump were generally
not happy with the project controlling it as it was deemed a critical load. The project chose to consider the use
of fridges and freezers as alternative forms of flexible loads. In aggregate, all the UK test home and control
home, represent a relatively small pool of flexibility of around 2.2 kW (1.5 kW of flexibility from the test home
fridges and freezers and 0.7 kW from the control homes).
Annual consumption of the ten UK pilot control homes ranges from 1,074 kWh to 16,107 kWh (median of
4,845 kWh per year). All control home volunteered the use of a single fridge freezer for the project, which give
a total available flexible load of around 0.7 kW.
Six non-residential sites were recruited for the Iberian pilot: four in Spain and two in Portugal. They comprise
a municipality building, an office building, a water service company, a B&B bed and breakfast hotel and two
office buildings in Portugal.
The Iberian pilot test homes consist of 19 homes in Northern Spain and 1 home in Northern Portugal. Their
annual electricity consumption ranges from 1,332 kWh to 12,781 kWh (median of 4,731 kWh per year). The
solar PV and batteries were installed as part of the project. The test homeowners volunteered the use of HVAC,
splits, fridges and freezers as flexible loads.
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Ten control homes were recruited for the Iberian pilot. Five from northern Spain and five from Northern
Portugal. Annual electricity consumption values range from 1,722 kWh to 34,365 kWh (median of 4,409 kWh
per year). The control homeowners volunteered the use of HVAC, splits, fridges, and freezers as flexible loads.

3.2.2 EC flexibility services impact
In the scope of task “T4.3 – Simulation and evaluation of EC flexibility services impact” a Use Case has been
designed to evaluate the EC flexibility services impact. The Use Case (UC) aims at simulating and evaluating
the capability of energy communities (EC) to provide flexibility services, namely through replacement reserve
standard balancing product (RR), by taking advantage of a real-time simulation in a hardware-in-the-loop (HIL)
configuration.
The main objective of the UC is to evaluate the ability of EC to provide flexibility services, focused on the
provision of RR, by:
1)
2)

Assessing the technical performance of the power and communication systems, by measuring e.g.,
response times and provision of the quantities contracted;
Assessing the economic viability, by quantifying performance indications such as Net Present
Value (NPV) and break-even point, for a time horizon of 25 years

The full description, assumptions and KPIs developed for the evaluation scenario are described in D4.3.

3.2.3 Dashboards
After the dashboard requirement been established and validated in T5.1, the task T5.2 began the activities for
the Energy Community user interfaces (UI) modules development and update. The implementation of the
dashboard required the development of backoffice applications required to prepare all types of data
structures, APIs, integration and commissioning activities, maintenance and device status updates, and
interactions with the different UIs.
The D5.2 shows the result of the design and implementation of the user interfaces modules for community
managers and community members following identified requirements in T5.1.
The user interfaces (UIs) are all cloud based and are adapted for the different involved stakeholders, dived in
two different main groups: Community Members and the Community Managers. The Community Members
have also two distinct UIs: one targeting the residential sector, with a mobile app and cloud web-based tool
(i.e., kiome®), and another for the non-residential community members with a cloud web-based tool (i.e.,
kisense®). The Community Managers have access to a different UI (i.e., kiplo®), composed by three main
modules: the Communities Module, the Flexibility Module, the Energy Markets Module. There are also
different UI for back-office operations related with platform and database management, installation and
commissioning procedures, user management and remote device settings and configuration.
The next figure shows an infographic view of the FleXunity VPP, the Energy Management platforms and the
different User Interfaces within the Energy Community environment, where “Cleanwatts” is representing the
Community Manager.
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Figure 13 – Infographic of the FleXunity VPP, EMS platforms and user interfaces.

The different dashboards are being tested and validated on “T5.3 – Dashboard testing and validation”
according to the testing matrix/plan.

3.2.4 Business and Procurement Models
In terms of Business and Procurement Models, the different evaluation scenarios being analysed on “T3.3 –
New EC Business Models implementation” include:
•

•

•
•
•

Business Models #1 (BM1)
o case 1 – energy sharing in a REC - with distributed ownership and bid based market price
formation (traditional P2P approach)
o case 2 – energy sharing in a REC - with single owner (anchor client/investor) and tariff
calculation to meet investor ROI and benefits for members
Business Models #2 (BM2)
o case 1 – previous case 1 with flexibility for additional benefits for prosumers with bid-based
market price formation
o case 2 – previous case 2 with flexibility for additional benefits for consumers/investors
implementing dynamic tariffs schemes
Business Models #3 (BM3)
o aggregator perspective selling flexibility in balancing market
Business Models #4 (BM4)
o retailer perspective using flexibility to optimize retail portfolio and reduce imbalance costs
Procurement Model (PM1)
o validating with Portuguese TSO with real data streams the savings for their procurement
models to buy flexibility from RECs

3.3 Evaluation metrics and KPI cards
This section captures and describes the evaluation metrics and assessment methodology of the FleXunity
Project, which will allow to measure the success and prove the value of FleXunity platform and the benefits
delivered to multiple relevant target stakeholders of the project, namely consumers, prosumers, EC
managers, aggregators, retailers, and system operators. Furthermore, it´s worth mentioning that FleXunity
Project evaluation metrics and KPIs are the common indicators across the FleXunity´s two pilot flexible energy
communities deployed in the UK and in Iberia (Spain and Portugal). However, the precise KPIs measurement
methodologies and specificities will be pilot specific.
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3.4 Key Performance Indicators (KPIs)
Although the interest in Energy Communities (EC) related projects and initiatives has been ever-expanding
after the introduction of Clean Energy for all Europeans package2, when it comes to the evaluation and
measurement of the outcomes of these projects not much progress has been made. There are no common
established assessment indicators or tools that could serve to evaluate and compare implemented EC projects.
In this context, FleXunity consortium has agreed upon and developed several KPIs categorized in different
dimensions (i.e., technical, environmental, economic, social, ICT KPIs) to effectively measure and prove the
value of FleXunity project, and the benefits delivered to key relevant stakeholders.
The key KPIs dimensions selected for the FleXunity project as discussed below:

3.4.1 Technical Dimension
KPIs in the technical dimension have been developed to measure and assess the effectiveness of the FleXunity
platform with respect to the operating parameters and technical constraints involved in managing and
optimizing the demand-side flexibility and excess PV generation resources of energy community members
(i.e.: prosumers and consumers) by leveraging a virtual power plant configuration.
Project KPI
EC’s Energy
Production and
Consumption
Simplified
accuracy of PV
forecast

Simplified
accuracy of
demand forecast

Unlocking
Flexibility
Potential

KPI Description
This KPI measures EC’s Energy Production and Consumption values
which can be used to assess the energy efficiency of an EC.

Unit
(kWh/month)
(kWh/year)

FleXunity´s advanced AI-based optimization algorithm requires %
consumption (load) and generation forecasts to estimate the available
(or tradable) flexibility from the EC and schedule the activation of
predefined flexible loads. This KPI measures and evaluates the
accuracy of such forecasting algorithms for the PV generation. It will
perform the analysis at each pilot site on the overall Energy
Community level.
We have decided to use Normalized Mean Absolute Error (NMAE) as a
metric for measuring the accuracy of our forecasting algorithms.
NMAE measures this accuracy as a percentage.
FleXunity´s advanced AI-based flexibility optimization algorithm %
requires consumption (load) and generation forecasts to estimate the
available (or tradable) flexibility from the EC and schedule the
activation of predefined flexible loads. This KPI measures and
evaluates the accuracy of such forecasting algorithms for the
consumption (load). It will perform the analysis at each pilot site on
the overall Energy Community level.
We have decided to use Normalized Mean Absolute Error (NMAE) as a
metric for measuring the accuracy of our forecasting algorithms.
NMAE measures this accuracy as a percentage.
To maximize the savings of the EC members and the earnings of the EC %
manager there is an interest to utilize and monetize the available
flexibility of the EC. In this context, FleXunity´s advanced AI-based
flexibility optimization algorithm was developed. This KPI measures
and evaluates the accuracy of such a flexibility optimization algorithm.
This type of indicator will be used to know how well the optimization
model performed in using the existing flexibility to decrease the

2

“European Commission - Glossary,” [Online]. Available: https://ec.europa.eu/info/fundingtenders/opportunities/portal/screen/support/glossary. [Accessed 17 June 2021].
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Self-consumption

Self-sufficiency

Data acquisition
success

Technical
compatibility

surplus generation which otherwise would be wasted or injected into
the grid at a very low rate, to improve EC members’ savings.
The objective of a REC is to promote local and clean energy
consumption, by offering community members cheaper prices than
those offered by the energy supplier. These benefits are maximized
when all the energy produced in the community is consumed by its
members.

%

In this context, this KPI measures and evaluates the amount of
electricity locally generated and consumed with respect to the total
local generation. To measure what degree the FleXunity algorithm
optimised the self-consumption, one can examine the EC members
total amount of self-consumption before and after the FleXunity
algorithm have performed the scheduling.
The objective of a REC is to promote local and clean energy %
consumption, by offering community members cheaper prices than
those offered by the energy supplier. These benefits are maximized
when all the energy produced in the community is consumed by its
members.
This KPI measures and evaluates the amount of electricity locally
generated and consumed (the same numerator of the Selfconsumption) with respect to the total consumption. This type of
indicator quantifies user independence from the grid. To measure
what degree the FleXunity algorithm optimised the Self-sufficiency,
one can examine the EC members total amount of Self-sufficiency
before and after the FleXunity algorithm have performed the
scheduling.
This KPI measures the number and percentage of deployed IoT devices
that successfully transferred the energy consumption and production
data, as also the ones that maintain stable communications to be
controlled remotely on the pilot sites.
This KPI examines the extent to which the integrated solutions fit with
the current existing technological standards/infrastructures. This
indicator aims to provide an indication of the technical compatibility
of the solution, meaning the extent to which the solution fits with
current practices, administrative and existing technological
standards/infrastructures.

%

Five-point
Likert scale
(No unit)

The technical dimension included also several KPIs developed under the scope of T4.3 were a simulation of
the capability of energy communities to provide flexibility services was performed using real time data and a
hardware-in-the-loop (HIL) configuration. The full description, assumptions and KPIs developed for the
evaluation scenario are described in D4.3.
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3.4.2 Environmental Dimension
KPIs in the environmental dimension are responsible for measuring and evaluating the effectiveness of the
solutions demonstrated in the FleXunity project from the viewpoint of the expected environmental impact.
Project KPI
CO2 emissions
reduction

Increased
environmental
awareness

KPI Description
This KPI measures the amount and percentage of CO2 reductions after
the implementation of the FleXunity solution. Since CO2 accounts for a
major share of Greenhouse Gas emissions from the energy consumption
in the buildings. Thus, having an indicator dedicated to CO2 emissions
will be useful to assess the contribution of FleXunity solution with
regards to the reductions of CO2 emissions.
Awareness of environmental problems is important for creating support
for environmental projects and programs. This KPI assesses the extent
to which the FleXunity project has used opportunities for increasing
environmental awareness and educating about sustainability and the
environment.

Unit
Kg
C02/month,
tonnes
CO2/year

Five-point
Likert scale
(No unit)

3.4.3 Economic Dimension
The economic dimension consists of KPIs that have been conceptualized to measure and evaluate the
effectiveness of the FleXunity platform with respect to the economic benefits delivered to relevant
stakeholders.
Project KPI
Cost Savings

KPI Description
Unit
This KPI can measure and assess the economic benefits of energy %
consumption scheduling strategy executed by the FleXunity platform
either on EC member or another stakeholder side. This indicator would
estimate the Energy Cost Savings for EC members by calculating the
difference between energy cost for EC members before and after
implementing the FleXunity solution.
EC members Energy Cost Savings could be further broken into following
key categories:
• Self-consumption savings: This type of savings is only applicable
to prosumers in the EC. Self-consumption savings would be
measured through the multiplication of self-consumed energy
from each member at each hour by the respective saving
(difference between grid price for that member and the REC selfconsumption price).
• REC savings: This type of savings will be for every member of the
community. REC savings would be measured through the
multiplication of shared energy received by each member at
each hour by the respective saving (difference between grid
price for that member and the REC base price).
• Flexibility saving: Flexibility saving would be measured through
the multiplication of surplus energy consumed by each member
leveraging their flexible loads at each hour by the respective
saving (difference between grid price for that member and the
Surplus based REC price).
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Awareness of
economic
benefits of
reduced energy
energy
consumption
Stimulating
innovative
environment

Total savings: Sum of each member’s REC, self-consumption savings, and
Flexibility savings.
This KPI measures the extent to which FleXunity project has created Five-point
awareness of economic benefits of reduced energy energy consumption Likert scale
among end users.
(No unit)

This KPI assess the extent to which the FleXunity project is part of or
stimulates an innovative environment. A project can stimulate an
environment that enhances innovations, either by being part of it or by
contributing to it.

Five-point
Likert scale
(No unit)

3.4.4 Social Dimension
The chosen KPIs for social dimension will be used to measure and evaluate the extent to which the end-users
(energy community members) were willing to participate and be self-motivated for further demonstration and
application of the demonstrated solutions in the FleXunity project.
Project KPI
Pilots
Participant
recruitment
Consumers’
engagement

Professional
stakeholder
involvement

KPI Description
Unit
This KPI measures whether FleXunity´s pilots are managing to recruit #
enough participants in order to attain pilots objectives.
Since the FleXunity platform allows EC members to connect, monitor and
control their flexible energy assets. Therefore, users’ involvement and
engagement with the FleXunity platform is crucial. In this context, this
KPI measures the users’ involvement and engagement with the platform
to actively monitor and control their energy use. This KPI includes the
number of final users involved.
This KPI measures to the extent to which professional stakeholders (i.e.,
industry or business associations, local councils and communities,
government departments, politicians, environmental organisations)
outside the project team have been involved in planning and execution
of the FleXunity project .

Five-point
Likert scale
(No unit)

Five-point
Likert scale
(No unit)

3.4.5 ICT Dimension
KPIs in the ICT dimension have been developed to measure the integration and interoperability of the
FleXunity platform, to ensure proper integration of the developed hardware and software modules
throughout the FleXunity project.
Project KPI
KPI Description
Unit
Improved
This KPI measures and evaluate the integration and Interoperability Five-point
Interoperability between the developed hardware and software components of the the Likert scale
FleXunity project. Furthermore, this KPI also examines the FleXunity´s (No unit)
capability to work with external systems by providing services to and
accepting services from other systems. The indicator assesses the
improvement in interoperability in a qualitative manner.
ICT response
The response time of ICT infrastructure is related to the services ms/byte;
time
developed and the payload (information exchanged) between them. The sec/byte;
indicator is applicable to the various platforms and ICT deployment min/byte
actions and services in the project. For some ICT services response times
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need to be in milliseconds while for other services seconds or minutes
are perfectly acceptable.

(Depends on
the system)
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4 KPI Cards
To provide more context about the KPIs related data, as well to understand how close the FleXunity Project
selected KPIs are to the target, Key Performance Indicator (KPI) card template was developed. A Key
Performance Indicator (KPI) card is a commonly used method of evaluating the status of a measure by
comparing key indicators to a target. The KPI card/template contains the below mentioned information about
the selected project KPIs:
• KPI Description
• KPI Formula
• Recommended Measurement Process and Data Sources
• Recommended Monitoring Interval
• Unit of Measurement
• Threshold Target Value
• Relevant Stakeholders
• Type of Indicator
• Spatial Scale of Evaluation
• Temporal Scale of Evaluation
The evaluation metrics and KPI cards for the validation and evaluation of system implemented in FleXunity are
presented on the following subchapters/tables. They consist of KPIs for the assessment of the different
components (e.g., hardware, software, business models, procurement model), dimensions (e.g., technical, ICT,
environmental, economic, social, governance and success), and functional and non-functional attributes.

KPI Description
KPI Formula
Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit of
Measurement
Threshold Target
Value

Relevant
Stakeholders

EC’s Energy Production and Consumption
This KPI measures EC’s Energy Production and Consumption values which can be used to
assess the energy efficiency of an EC.
No formula. The data is collected directly from the energy meters and/or PV inverters.
Near real-time data about the EC´s energy consumption and generation were obtained
by the energy meters installed on each pilot site

Hourly, Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)

(kWh/month) (kWh/year)

No target threshold value was established, since that at this stage it was meant to be an
indicative or comparative KPI for the pilot which is highly dependent on other external
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
Energy
x
Load/equipment level
Utilities/DSOs/TSOs
Consumers (endx
Spatial Scale
Member/pilot site Level
x
users)/Prosumers
of Evaluation
Technology and
Energy Community
x
Services Providers
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Type of Indicator

KPI Description

Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

Business Model
x

x

Temporal
Scale of
Evaluation

In-project timeframe
End of project
Post-project

x
x
x

Simplified accuracy of PV Forecast
FleXunity´s advanced AI-based optimization algorithm requires consumption (load) and
generation forecasts to estimate the available (or tradable) flexibility from the EC and
schedule the activation of predefined flexible loads. In this context, this KPI measures and
evaluates the accuracy of such forecasting algorithms for the PV generation. It will
perform the analysis at each pilot site on the overall Energy Community level. We have
decided to use Normalized Mean Absolute Error (NMAE) as a metric for measuring the
accuracy of our forecasting algorithms. NMAE measures this accuracy as a percentage.
𝑛

𝑀=

𝐸𝑒𝑙,𝑎𝑐𝑡,𝑝𝑣 − 𝐸𝑒𝑙,𝑓𝑜𝑟,𝑝𝑣
1
∑|
|
𝑛
𝐸𝑒𝑙,𝑎𝑐𝑡,𝑝𝑣(max)
𝑡=1

•
•
•
•
•

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit of
Measurement
Threshold Target
Value
Relevant
Stakeholders

M= Mean absolute percentage error (%)
n=number of times the summation iteration happens
𝐸𝑒𝑙,𝑎𝑐𝑡,𝑝𝑣 = actual generated electrical energy (kWh;MWh)
𝐸𝑒𝑙,𝑓𝑜𝑟,𝑝𝑣 = forecasted generated electrical energy (kWh;MWh)
𝐸𝑒𝑙,𝑎𝑐𝑡,𝑝𝑣(max) = maximum actual generated electrical energy (kWh;MWh)

Data will be based on the forecasts performed by the algorithms and real-world data
obtained by the energy meters installed on each pilot site. Furthermore, solar irradiance,
wind speed, and temperature will be also used as inputs for the PV generation forecasting
algorithms.
Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)

%

NMAE < 10% is Excellent, NMAE < 20% is Good 3

Energy
Utilities/DSOs/TSOs

x

Spatial Scale
of Evaluation

Load/equipment level

3

K. Angelakoglou et al., “A methodological framework for the selection of key performance indicators to assess smart
city solutions,” Smart Cities, vol. 2, no. 2, pp. 269–306, 2019, doi: 10.3390/smartcities2020018.
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Type of Indicator

KPI Description

Consumers (endusers)/Prosumers
Technology and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

x

Member/pilot site Level

x

Energy Community

x

Business Model

x

Temporal
Scale of
Evaluation

In-project timeframe
End of project
Post-project

x
x
x

Simplified accuracy of Demand Forecast
FleXunity´s advanced AI-based flexibility optimization algorithm requires consumption
(load) and generation forecasts to estimate the available (or tradable) flexibility from the
EC and schedule the activation of predefined flexible loads. This KPI measures and
evaluates the accuracy of such forecasting algorithms for the consumption (load). It will
perform the analysis at each pilot site on the overall Energy Community level. We have
decided to use Normalized Mean Absolute Error (NMAE) as a metric for measuring the
accuracy of our forecasting algorithms. NMAE measures this accuracy as a percentage.
𝑛

𝐸𝑒𝑙,𝑎𝑐𝑡,𝑑 − 𝐸𝑒𝑙,𝑓𝑜𝑟,𝑑
1
|
𝑀 = ∑|
𝑛
𝐸𝑒𝑙,𝑎𝑐𝑡,d(max)
𝑡=1

•
•
•
•
•

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit of
Measurement

M= Mean absolute percentage error (%)
n=number of times the summation iteration happens
𝐸𝑒𝑙,𝑎𝑐𝑡,d = actual consumed electrical energy (kWh;MWh)
𝐸𝑒𝑙,𝑓𝑜𝑟,d = forecasted consumed electrical energy (kWh;MWh)
𝐸𝑒𝑙,𝑎𝑐𝑡,d(max) = maximum actual consumed electrical energy (kWh;MWh)

Data will be based on the forecasts performed by the algorithms and real-world data
obtained by the energy meters installed on each pilot site. Additionally, other inputs for
the demand forecasting algorithms include Calendar data: such as different seasons,
hour, bank holidays, etc.; Weather data: Temperature, humidity, rainfall, etc.; Demand
data: Historical consumption of electricity.
Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)

%
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Threshold Target
Value

Relevant
Stakeholders

Type of Indicator

NMAE < 10% is Excellent, NMAE < 20% is Good 4

Energy
Utilities/DSOs/TSOs
Consumers (endusers)/Prosumers
Technology and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

x

Load/equipment level

x

Member/pilot site Level

x

Energy Community

x

Spatial Scale
of Evaluation

x

Temporal
Scale of
Evaluation

Business Model

In-project timeframe
End of project
Post-project

x
x
x

Unlocking Flexibility Potential
To maximize the savings of the EC members and the earnings of the EC manager there is
an interest to utilize and monetize the available flexibility of the EC. In this context,
FleXunity´s advanced AI-based flexibility optimization algorithm was developed. This KPI
KPI Description
measures and evaluates the accuracy of such a flexibility optimization algorithm. This
type of indicator will be used to know how well the optimization algorithm performed in
using the existing flexibility to decrease the surplus generation which otherwise would
be wasted or injected into the grid at a very low rate and improve members’ savings.
Calculation is made as follows:
• Calculation of savings from flexibility is done through the multiplication of flexibility
KPI Formula
made available by each member at each hour by the flexibility remuneration;
• Calculation of the extra savings resulting from the flexibility model through the sum
of savings from individual facilities.
Data will be based on the results of the flexibility model developed by the FleXunity
project. In this analysis, forecasts weren’t used (only the data collected) and the
generated signals go from 0 to 1, not giving the exact REC price, but a normalized signal.
With those signals at each hour, it’s possible to help deciding the moments when
flexibility pays off.
Furthermore, due to the lack of actual surplus PV generation in the project deployed ECs,
Recommended
different Scenarios with higher surplus PV generation in the EC were established, tested,
Measurement
and compared to better understand the flexibility model impact:
Process and Data
• Base Scenario: Where the original production was used
Sources
• Scenario 2: Where the original production was multiplied by 1.5, resulting in a
surplus of 10%
• Scenario 3: Where the original production was multiplied by 2, resulting in a
surplus of 20%
• Scenario 4: Where the original production was multiplied by 2.5, resulting in a
surplus of 30%

4

K. Angelakoglou et al., “A methodological framework for the selection of key performance indicators to assess smart
city solutions,” Smart Cities, vol. 2, no. 2, pp. 269–306, 2019, doi: 10.3390/smartcities2020018.
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The focus of this model, is to eliminate surplus in hours of expensive energy and where
there is sufficient solar production.

Recommended
Monitoring
Interval
Unit
of
Measurement

Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)

%

No target threshold value was established, since that at this stage it was meant to be an
Threshold Target indicative or comparative KPI for the pilot which is highly dependent on other external
Value
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
Energy
x
Load/equipment level
x
Utilities/DSOs/TSOs
Consumers
(end- x
Member/pilot site Level
x
users)/Prosumers
Technology
and
Energy Community
x
Relevant
Spatial Scale
Services Providers
Stakeholders
of Evaluation
Policy-making Bodies x
Business Model
x
and Governance
Representative
Citizen
Groups/Citizens
Output
x
In-project timeframe
x
Temporal
x
x
Type of Indicator Impact
Scale
of End of project
Post-project
x
Evaluation
Self-consumption
The objective of a REC is to promote local and clean energy consumption, by offering
community members cheaper prices than those offered by the energy supplier. These
benefits are maximized when all the energy produced in the community is consumed by
its members.
KPI Description

In this context, this KPI measures and evaluates the amount of electricity locally
generated and consumed with respect to the total local generation. To measure what
degree the FleXunity algorithm optimised the self-consumption, one can examine the EC
members total amount of self-consumption before and after the FleXunity algorithm
have performed the scheduling.
The self-consumption (SC) is defined as the amount of electricity locally generated and
consumed (Egc) with respect to the total local generation (Egen). Where x is the time
duration in which the ratio is calculated on a daily, monthly, and yearly basis.

KPI Formula
SCx =
•

𝐸𝑔𝑐, 𝑥
𝐸𝑔𝑒𝑛, 𝑥

SC= Self-consumption
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•
•
•

X = is the time duration in which the ratio is calculated on a daily, monthly, and
yearly basis.
Egc = Amount of electricity locally generated
Egen = Total local generation

Recommended
Measurement
Process and Data
Sources

Near real-time data about the EC´s energy consumption and generation were obtained
by the energy meters installed on each pilot site. These data sources about the EC energy
consumption and generation were used to calculate the self-consumption (SC) of the
FleXunity´s EC pilots.

Recommended
Monitoring
Interval

Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)

Unit
of
Measurement

%

No target threshold value was established, since that at this stage it was meant to be an
Threshold Target indicative or comparative KPI for the pilot which is highly dependent on other external
Value
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
Energy
x
Load/equipment level
Utilities/DSOs/TSOs
Consumers
(end- x
Member/pilot site Level
x
users)/Prosumers
Technology
and
Energy Community
x
Relevant
Spatial Scale
Services Providers
Stakeholders
of Evaluation
Policy-making Bodies
Business Model
x
and Governance
Representative
Citizen
Groups/Citizens
Output
x
In-project timeframe
x
Temporal
Impact
x
End
of
project
x
Type of Indicator
Scale
of
Post-project
x
Evaluation
Self-sufficiency
The objective of a REC is to promote local and clean energy consumption, by offering
community members cheaper prices than those offered by the energy supplier. These
benefits are maximized when all the energy produced in the community is consumed by
its members.
KPI Description

This KPI measures and evaluates the amount of electricity locally generated and
consumed (the same numerator of the Self-consumption) with respect to the total
consumption. This type of indicator quantifies user independence from the grid. To
measure what degree the FleXunity algorithm optimised the Self-sufficiency, one can
examine the EC members total amount of Self-sufficiency before and after the FleXunity
algorithm have performed the scheduling.
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The self-sufficiency (SS) is defined as the amount of electricity locally generated and
consumed (Egc) with respect to the total local generation (Eload). Where x is the time
duration in which the ratio is calculated on a daily, monthly, and yearly basis.
SSx =
KPI Formula
•
•
•
•

𝐸𝑔𝑐, 𝑥
𝐸𝑙𝑜𝑎𝑑, 𝑥

SS= self-sufficiency (SS)
X = is the time duration in which the ratio is calculated on a daily, monthly, and
yearly basis.
Egc = Amount of electricity locally generated
Eload = Total Consumption

Recommended
Measurement
Process and Data
Sources

Near real-time data about the EC´s energy consumption and generation were obtained
by the energy meters installed on each pilot site. These data sources about the EC energy
consumption and generation were used to calculate the self-consumption (SC) of the
FleXunity´s EC pilots.

Recommended
Monitoring
Interval

Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)

Unit
of
Measurement

%

No target threshold value was established, since that at this stage it was meant to be an
Threshold Target indicative or comparative KPI for the pilot which is highly dependent on other external
Value
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
Energy
x
Load/equipment level
Utilities/DSOs/TSOs
Consumers
(end- x
Member/pilot site Level
x
users)/Prosumers
Technology
and
Energy Community
x
Relevant
Spatial Scale
Services Providers
Stakeholders
of Evaluation
Policy-making Bodies
Business Model
x
and Governance
Representative
Citizen
Groups/Citizens
Output
x
In-project timeframe
x
Temporal
x
x
Type of Indicator Impact
Scale
of End of project
Post-project
x
Evaluation
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KPI Description

Data acquisition success
This KPI measures the number and percentage of deployed IoT devices that successfully
transferred the energy consumption and production data, as also the ones that maintain
stable communications to be controlled remotely on the pilot sites participants.
DAS = (1 −

KPI Formula

•
•
•

𝐷𝑚
) × 100%
𝑇𝑚

DAS= Data acquisition success
Dm = Discarded EC members due to missing data
Tm = Total EC members

Following criteria was used to measure Data acquisition success:
• EC members with less than 1 month of data were discarded
• EC members without any data at each hour of each weekday were discarded
FleXunity´s
data communication and processing module automated data collection from
Recommended
a
variety
of
data sources, including energy meters and sensors, data concentrators, or
Measurement
Process and Data from other management systems that collect data and control other devices (e.g., IR
controllers).
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement

Hourly, Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)

80%

No target threshold value was established, since that at this stage it was meant to be an
Threshold Target indicative or comparative KPI for the pilot which is highly dependent on other external
Value
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
Energy
x
Load/equipment level
Utilities/DSOs/TSOs
Consumers
(end- x
Member/pilot site Level
x
users)/Prosumers
Technology
and
Energy Community
x
Relevant
Spatial Scale
Services Providers
Stakeholders
of Evaluation
Policy-making Bodies
Business Model
and Governance
Representative
Citizen
Groups/Citizens
Output
x
In-project timeframe
x
Temporal
x
x
Type of Indicator Impact
Scale
of End of project
Post-project
x
Evaluation
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KPI Description

Technical Compatibility
This KPI examines the extent to which the integrated solutions fit with the current existing
technological standards/infrastructures. This indicator aims to provide an indication of
the technical compatibility of the solution, meaning the extent to which the solution fits
with
current
practices,
administrative
and
existing
technological
standards/infrastructures.
The indicator provides a qualitative measure and is rated on a five- point Likert scale:
No technical compatibility – 1 — 2 — 3 — 4 — 5 — Very high

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement
Threshold Target
Value

Relevant
Stakeholders

Type of Indicator

1. No technical compatibility: the solution needs many and major adjustments to
current (infra)structures and/or practices for its implementation.
2. Low compatibility: the solution requires some major adjustments to current
(infra)structures and/or practices for its implementation.
3. Moderate: some adjustments to current (infra)structures and/or practices are
necessary to implement the solution.
4. High: only minor adjustments to current (infra)structures and/or practices are
needed to implement the solution.
5. Very high: no adjustments to current (infra)structures and/or practices are
needed, the solution can immediately be implemented.
Data to be derived from conducted stakeholders surveys, contacts, interviews and based
on expert judgement.

Once in the end of the project

Five-point Likert scale (No unit)

4

Energy
Utilities/DSOs/TSOs
Consumers
(endusers)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

x

Load/equipment level

x

x

Member/pilot site Level

x

Energy Community

x

x
x

Spatial Scale
of Evaluation

Business Model

x

x

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x
x
x
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KPI Description

KPI Formula

CO2 emissions reduction
This KPI measures the amount and percentage of CO2 reductions after the
implementation of the FleXunity solution. Since CO2 accounts for a major share of
Greenhouse Gas emissions from the energy consumption in the buildings. Thus, having
an indicator dedicated to CO2 emissions will be useful to assess the contribution of
FleXunity solution with regards to the reductions of CO2 emissions.
CO2 emissions reduction = Solar PV production (kWh) * 0.1333 (kg C02/kWh)

Near real-time data about the EC´s PV generation were obtained by the energy meters
installed on each pilot site. These data sources about the EC PV generation were used to
Recommended
calculate the CO2 emissions reduction of the FleXunity´s EC pilots.
Measurement
It was used the average European value for the CO2 emissions per kWh of electricity
Process and Data
taken from the Annex VI of the Greenhouse Gas Directive (2018/2066/EU)5. In this report,
Sources
focus is on the calculation of direct emissions, including emissions from electricity and
heat.
Hourly, Daily, Weekly; Monthly; Yearly (at the overall Energy Community level)
Recommended
Monitoring
Interval
Unit
of
Measurement

Kg C02/month

No target threshold value was established, since that at this stage it was meant to be an
Threshold Target indicative or comparative KPI for the pilot which is highly dependent on other external
Value
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
Energy
x
Load/equipment level
x
Utilities/DSOs/TSOs
Consumers
(end- x
Member/pilot site Level
x
users)/Prosumers
Technology
and x
Energy Community
x
Relevant
Spatial Scale
Services Providers
Stakeholders
of Evaluation
Policy-making Bodies x
Business Model
and Governance
Representative
x
Citizen
Groups/Citizens
Output
In-project timeframe
x
Temporal
x
x
Type of Indicator Impact
Scale
of End of project
Post-project
x
Evaluation

5

European Commission. (2018). Commission Implementing Regulation (EU) 2018/2066 of 19 December 2018 on the
monitoring and reporting of greenhouse gas emissions pursuant to Directive 2003/87/EC of the European Parliament and
of the Council and amending Commission Regulation (EU) No 601. Retrieved from https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32018R2066
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KPI Description

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement
Threshold Target
Value

Relevant
Stakeholders

Type of Indicator

Increased environmental awareness
Awareness of environmental problems is important for creating support for
environmental projects and programs. This KPI assesses the extent to which the FleXunity
project has used opportunities for increasing environmental awareness and educating
about sustainability and the environment.
The indicator provides a qualitative measure and is rated on a five- point Likert scale:
No Increased environmental awareness – 1 — 2 — 3 — 4 — 5 — Very high
1. No Awareness: FleXunity project didn´t create any Increased environmental
awareness at all.
2. Low Awareness: FleXunity project increased environmental awareness just a
bit.
3. Moderate Awareness FleXunity project moderately Increased environmental
awareness.
4. High Awareness: FleXunity project highly Increased environmental awareness.
5. Very High Awareness: FleXunity project very highly Increased environmental
awareness.
Data to be derived from conducted stakeholders surveys, contacts, interviews and based
on expert judgement.

Once in the end of the project

Five-point Likert scale (No unit)

4

Energy
x
Utilities/DSOs/TSOs
Consumers
(end- x
users)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

Spatial Scale
of Evaluation

Load/equipment level

x

Member/pilot site Level

x

Energy Community

x

Business Model

x

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x
x
x
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Cost Savings
This KPI can measure and assess the economic benefits of energy consumption
scheduling strategy executed by the FleXunity platform either on EC member or another
stakeholder side. This indicator would estimate the Energy Cost Savings for EC members
by calculating the difference between energy cost for EC members before and after
implementing the FleXunity solution.
EC members Energy Cost Savings could be further broken into following key categories:
• Self-consumption savings: This type of savings is only applicable to prosumers in
the EC. Self-consumption savings would be measured through the multiplication
of self-consumed energy from each member at each hour by the respective
saving (difference between grid price for that member and the REC selfconsumption price).
KPI Description
• REC savings: This type of savings will be for every member of the community.
REC savings would be measured through the multiplication of shared energy
received by each member at each hour by the respective saving (difference
between grid price for that member and the REC base price).
• Flexibility saving: Flexibility saving would be measured through the
multiplication of surplus energy consumed by each member leveraging their
flexible loads at each hour by the respective saving (difference between grid price
for that member and the Surplus based REC price).
Total savings: Sum of each member’s REC, self-consumption savings, and Flexibility
savings.
• Calculation of savings from self-consumption through the multiplication of selfconsumed energy from each member at each hour by the respective saving
(difference between grid price for that member and the REC self-consumption
price)
• Calculation of savings from energy shared between REC members through the
multiplication of shared energy received by each member at each hour by the
respective saving (difference between grid price for that member and the REC base
KPI Formula
price)
• Calculation of total savings through the sum of savings from self-consumption and
the savings from sharing process
• Calculation of the value that members paid at each moment if the energy was all
supplied by the grid
• Comparation of that value with the value that they pay by joining the REC
Near real-time data about the EC´s energy consumption, generation, and energy prices
Recommended
were obtained by the energy meters installed on each pilot site. These data sources about
Measurement
Process and Data the EC energy consumption and generation were used to calculate the cost savings for
the EC members.
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement

Hourly, Daily, Weekly; monthly; yearly (at the overall Energy Community level)

%

No target threshold value was established, since that at this stage it was meant to be an
Threshold Target indicative or comparative KPI for the pilot which is highly dependent on other external
Value
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
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Type of Indicator

Energy
Utilities/DSOs/TSOs
Consumers
(endusers)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

KPI Description

Awareness of economic benefits of reduced energy consumption
This KPI measures the extent to which FleXunity project has created awareness of
economic benefits of reduced energy consumption among end users.

Relevant
Stakeholders

x

Load/equipment level

x

Member/pilot site Level

x

Energy Community

x

Business Model

x

x
x

Spatial Scale
of Evaluation

x

x

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x
x
x

The indicator provides a qualitative measure and is rated on a five- point Likert scale:
No Awareness – 1 — 2 — 3 — 4 — 5 — Very high

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement
Threshold Target
Value
Relevant
Stakeholders

1. No Awareness: FleXunity project didn´t create any awareness of economic
benefits of reduced energy consumption at all.
2. Low Awareness: FleXunity project created very low awareness of economic
benefits of reduced energy consumption.
3. Moderate Awareness FleXunity project created moderate awareness of
economic benefits of reduced energy consumption.
4. High Awareness: FleXunity project created high awareness of economic benefits
of reduced energy consumption.
5. Very High Awareness: FleXunity project created very high awareness of
economic benefits of reduced energy consumption.
Data to be derived from conducted stakeholders surveys, contacts, interviews and based
on expert judgement.

Once in the end of the project

Five-point Likert scale (No unit)

4

Energy
Utilities/DSOs/TSOs

x

Spatial Scale Load/equipment level
of Evaluation

46

D6.3 – System validation and evaluation

Type of Indicator

KPI Description

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement
Threshold Target
Value

Relevant
Stakeholders

Consumers
(endusers)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

x

Member/pilot site Level

x

x

Energy Community

x

x

Business Model

x

x

x

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x
x
x

Stimulating an innovative environment
This KPI assess the extent to which the FleXunity project is part of or stimulates an
innovative environment. A project can stimulate an environment that enhances
innovations, either by being part of it or by contributing to it.
The indicator provides a qualitative measure and is rated on a five- point Likert scale:
No stimulation – 1 — 2 — 3 — 4 — 5 — Very high
1. No stimulation: FleXunity project didn´t stimulate an innovative environment at
all.
2. Low stimulation: FleXunity project stimulated a Low innovative environment.
3. Moderate stimulation: FleXunity project stimulate a Moderate innovative
environment.
4. High stimulation: FleXunity project stimulated a High innovative environment.
5. Very High stimulation: FleXunity project stimulated Very High innovative
environment.
Data to be derived from conducted stakeholders surveys, contacts, interviews and based
on expert judgement.

Once in the end of the project

Five-point Likert scale (No unit)

4

Energy
x
Utilities/DSOs/TSOs
Consumers
(end- x
users)/Prosumers
Technology
and x
Services Providers

Load/equipment level
Spatial Scale Member/pilot site Level
of Evaluation
Energy Community
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Type of Indicator

Policy-making Bodies x
and Governance
Representative
x
Citizen
Groups/Citizens
Output
Impact
x

KPI Description

Pilots Participant recruitment
This KPI measures whether FleXunity´s pilot implementation partners managed to recruit
enough participants in order to attain pilots objectives.

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement

Business Model

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x

x
x
x

Data for this KPI was measured against below mentioned benchmark related to the
Participants number for each one of the FleXunity pilots, established by the project and
Grant Agreement.
• 20 test homes
• 10 control homes
• 4 non residential
A total of 68 pilot sites for the two EC pilots (i.e., 34 for UK and 34 for Iberia).
Data to be derived from the number of FleXunity participants from both pilots.

Once in the end of the project

#

20 test homes
Threshold Target 10 control homes
Value
4 non residential

Relevant
Stakeholders

Type of Indicator

Energy
Utilities/DSOs/TSOs
Consumers
(endusers)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

x

Load/equipment level

x

Member/pilot site Level

x

Spatial Scale
of Evaluation

Energy Community

x

Business Model

x

x

x

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x
x
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KPI Description

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement
Threshold Target
Value

Relevant
Stakeholders

Type of Indicator

Consumers’ engagement
Since the FleXunity platform allows EC members to connect, monitor and control their
flexible energy assets. Therefore, users’ involvement and engagement with the FleXunity
platform is crucial. In this context, this KPI measures the users’ involvement and
engagement with the platform to actively monitor and control their energy use. This KPI
includes the number of final users involved.
The indicator provides a qualitative measure and is rated on a five- point Likert scale:
No Consumers’ engagement – 1 — 2 — 3 — 4 — 5 — Very high
1. No Consumers’ engagement: FleXunity project didn´t create any Consumers’
engagement at all.
2. Low Consumers’ engagement: FleXunity project created very low Consumers’
engagement.
3. Moderate Consumers’ engagement: FleXunity project created Moderate
Consumers’ engagement.
4. High Consumers’ engagement: FleXunity project created High Consumers’
engagement.
5. Very High Consumers’ engagement: FleXunity project created very High
Consumers’ engagement.
Data to be derived from conducted stakeholders surveys, contacts, interviews and based
on expert judgement.

Once in the end of the project

Five-point Likert scale (No unit)

4

Energy
Utilities/DSOs/TSOs
Consumers
(end- x
users)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
x
Citizen
Groups/Citizens
Output
Impact
x

Load/equipment level
Member/pilot site Level
Spatial Scale
of Evaluation

x

Energy Community
Business Model

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x
x
x
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KPI Description

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement
Threshold Target
Value

Relevant
Stakeholders

Type of Indicator

Professional stakeholder involvement
This KPI measures to the extent to which professional stakeholders (i.e., industry or
business associations, local councils and communities, government departments,
politicians, environmental organisations) outside the project team have been involved in
planning and execution of the FleXunity project.
The indicator provides a qualitative measure and is rated on a five- point Likert scale:
No Professional stakeholder involvement – 1 — 2 — 3 — 4 — 5 — Very high
1. No Professional stakeholder involvement: FleXunity project didn´t involve any
Professional stakeholder outside the project team at all.
2. Low Professional stakeholder involvement: FleXunity project involved
Professional stakeholder outside the project team rarely.
3. Moderate Professional stakeholder involvement: FleXunity project involved
Professional stakeholder outside the project team moderately.
4. High Professional stakeholder involvement: FleXunity project involved
Professional stakeholder outside the project team frequently.
5. Very High Professional stakeholder involvement: FleXunity project involved
Professional stakeholder outside the project team very frequently.
Data to be derived from conducted stakeholders surveys, contacts, interviews and based
on expert judgement.

Once in the end of the project

Five-point Likert scale (No unit)

4

Energy
Utilities/DSOs/TSOs
Consumers
(endusers)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

x

Load/equipment level

x

x

Member/pilot site Level

x

Energy Community

x

Business Model

x

x
x

Spatial Scale
of Evaluation

x

x

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation

x
x
x
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KPI Description

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit
of
Measurement
Threshold Target
Value

Relevant
Stakeholders

Type of Indicator

Improved Interoperability
This KPI measures and evaluate the integration and Interoperability between the
developed hardware and software components of the FleXunity project. Furthermore,
this KPI also examines the FleXunity´s capability to work with external systems by
providing services to and accepting services from other systems. The indicator assesses
the improvement in interoperability in a qualitative manner.
The indicator provides a qualitative measure and is rated on a five- point Likert scale:
No Interoperability – 1 — 2 — 3 — 4 — 5 — Very high
1. No Interoperability: FleXunity solution didn’t improve Interoperability between
different components developed and external information systems at all.
2. Low Interoperability: FleXunity solution slightly improved Interoperability
between different components developed and external information systems.
3. Moderate Interoperability: FleXunity solution moderately improved
Interoperability between different components developed and external
information systems.
4. High Interoperability: FleXunity solution highly improved Interoperability
between different components developed and external information systems.
5. Very High Interoperability: FleXunity solution significantly improved
Interoperability between different components developed and external
information systems.
Data to be derived from conducted stakeholders surveys, contacts, interviews and based
on expert judgement.

Once in the end of the project

Five-point Likert scale (No unit)

4

Energy
Utilities/DSOs/TSOs
Consumers
(endusers)/Prosumers
Technology
and
Services Providers
Policy-making Bodies
and Governance
Representative
Citizen
Groups/Citizens
Output
Impact

Load/equipment level
Member/pilot site Level
Spatial Scale
of Evaluation

Energy Community
Business Model

In-project timeframe
Temporal
Scale
of End of project
Post-project
Evaluation
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KPI Description

KPI Formula

Recommended
Measurement
Process and Data
Sources
Recommended
Monitoring
Interval
Unit of
Measurement
Threshold Target
Value

Relevant
Stakeholders

Type of Indicator

ICT response time
The response time of ICT infrastructure is related to the services developed and the
payload (information exchanged) between them. The indicator is applicable to the
various platforms and ICT deployment actions and services in the project. For some ICT
services response times need to be in milliseconds while for other services seconds or
minutes are perfectly acceptable.
𝑡𝑡𝑟𝑎𝑛𝑠
𝑅𝑇𝐼𝐶𝑇 =
𝑃𝐿
𝑅𝑇𝐼𝐶𝑇 = ICT response time [ms/byte]
𝑡𝑡𝑟𝑎𝑛𝑠 =transaction time [ms]
PL=payload [byte]
Data acquired from the log files of the backoffice dashboards (i.e., iEnergy).

Conduct several remote operations on the devices after full integration and
commissioning.
ms/byte; sec/byte; min/byte (Depends on the system)

No target threshold value was established, since that at this stage it was meant to be an
indicative or comparative KPI for the pilot which is highly dependent on other external
factors (e.g., characteristics of the Energy Community members, weather conditions). It
will be used as an important insight for future projects.
Energy
x
Load/equipment level
x
Utilities/DSOs/TSOs
Consumers (endx
Member/pilot site Level
x
users)/Prosumers
Technology and
x
Energy Community
x
Spatial Scale
Services Providers
of Evaluation
Policy-making Bodies
Business Model
and Governance
Representative
Citizen
Groups/Citizens
Output
In-project timeframe
Temporal
Impact
End of project
Scale of
Post-project
Evaluation
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4.1 Evaluation analysis
The following table presents the results of the calculations performed using the formulas of the KPI cards
mentioned before.

KPI

Result

Threshold
Target
Value

KPI table analysis
Calculation /
Monitoring
Interval

Comments

Technical Dimension

2.68%

(NMAE <
10% is
Excellent,
NMAE <
20% is
Good)

This was
calculated
during month of
Feb/2022

Simplified
accuracy of
demand
forecast

7.10%

(NMAE <
10% is
Excellent,
NMAE <
20% is
Good)

This was
calculated
during month of
Feb/2022

Unlocking
flexibility
potential

Surplus (4%,
10%, 20%,
30%)
Flexibility
Savings
(0.51%,
2.71%,
5.89%,
9.58%)

N/A

This was
calculated
during month of
May/2022

Simplified
accuracy of
PV forecast

Selfconsumptio
n

43% (Iberia)
45% (UK)

Selfsufficiency

7% (Iberia)
1% (UK)

Data
acquisition
success

83%

N/A

This was
calculated
during month of
Feb/2022

N/A

This was
calculated
during month of
Feb/2022

80%

This was
calculated
during month of
May/2022

The result shows that the AI algorithms on
which the FleXunity platform relies on to
perform the forecasting of the demand and
generation can be rated as excellent. This
means that the forecasting algorithms are
reliable and can be used to establish the
flexibility forecasting in a relatively accurate
form.
It is important to note that there are several
externalities that are not yet being considered
on the forecasting algorithms, some of which
are uncontrollable (e.g., sudden weather
condition changes).

The baseline scenario reveals that the deployed
ECs have a low flexibility potential.
Has expected, the analysed scenarios with an
increase of the surplus PV generation originate
higher flexibility potential.

The overall self-consumption percentage on
each of the EC pilots can vary during the
months, specially according to the weather
conditions, but for the data collected in
February/2022 we can see that about 45% of
the energy demand can be satisfied by the
production among the established Energy
Community members.
The UK pilot overall consumption is much
higher than the Iberian. Even if the selfconsumption KPI result is higher in the UK, this
reflects on a lower self-sufficiency.
The result for this KPI is slightly above the
established threshold. Several communication
failures have occurred and are still being
corrected in some specific IoT devices. With a
total of about 380 IoT devices deployed in the
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KPI

Result

Threshold
Target
Value

Technical
compatibilit
y

4

4

KPI table analysis
Calculation /
Monitoring
Comments
Interval
pilot sites, there are several issues with
relatively easy solutions. Some are user
behaviour dependent (e.g., internet credentials
changes, unplugged devices) but others are
related with communication barriers (e.g., WiFi
out of reach, physical barriers to establish
ZigBee network). These issues are being solved
with better user training for awareness increase
and with deployment of extra devices to act as
ZigBee network repeaters.
The technical compatibility of the final solution
reveals to be “High” (4) in the sense that only
minor adjustments are required to deploy the
solution in real world environment. There are
small adjustments in case of deploying different
types of devices that may require integration
End of project
adjustments: a specific inverter, EV or V2G
implementation
charger not yet integrated, changes performed
by manufacturers on their API or
communication protocols, etc. The platform is
prepared in a modular architecture so that any
required adjustment can be done in a simple
and fast deployment operation procedure.
Environmental Dimension

CO2
emissions
reduction

Increased
environment
al awareness

662.74 Kg
C02/month

4

N/A

This was
calculated
during month of
Feb/2022

4

During project
implementation

The value reflects essentially the generation
capacity and self-consumption of the pilot sites.
To give an order of magnitude, this value is
equivalent to the monthly CO2 emissions of
about 155 average EU passenger cars 6.
Considering the surveys and direct contacts
with the pilot members we realised that there
was an increase on the overall environmental
awareness. Not all the members with the same
level of awareness but we expect that as time
passes by using the platform and visualizing the
results, users increase in a significant way their
environmental awareness.

Economic Dimension
Cost Savings

13% (Iberia)
15% (UK)

N/A

This was
calculated

The higher self-consumption percentage in the
UK pilot also reflects on a higher savings.

6

Assuming the 2019 average EU passenger cars emission of 122.3 g CO2/km (https://www.eea.europa.eu/ims/co2performance-of-new-passenger) and a traveling distance of 35km/month per car.
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KPI

Result

Threshold
Target
Value

KPI table analysis
Calculation /
Monitoring
Interval
during month of
Feb/2022

Awareness
of economic
benefits of
reduced
energy
energy
consumptio
n

4

4

During project
implementation

Stimulating
an
innovative
environment

4

4

During project
implementation

Comments

Considering the surveys and direct contacts with
the pilot members most participants indicated
that the FleXunity app helped them reduce
energy costs by saving and consuming less
energy. Furthermore, some participants also
stated that the app has helped them change
their behaviour after seeing their consumption
profiles.
The analysed results of the FleXunity Key
stakeholder groups survey indicated that
majority of stakeholders felt that Digital tools
(e.g., mobile app and IoT) developed in the
FleXunity project are important for the
management of and creation of ECs, for
engaging end-users in ECs and for those endusers to provide flexibility to the grid. Therefore,
it can be concluded that FleXunity project has
stimulated an environment that enhances
innovations related to the creation and
management of ECs that will generate positive
impact on energy poverty issues and will lead to
new revenue streams for multiple stakeholders
(e.g.: retailers, consumers, prosumers).

Social Dimension
Pilots
Participant
recruitment

70

68

During project
implementation

Consumers’
engagement

4

4

During project
implementation

Professional
stakeholder
involvement

4

4

During project
implementation

In the Iberia EC pilot, two non-residential pilot
sites were added to the initially established pilot
site numbers.
Considering the surveys and direct contacts with
the pilot members most participants stated that
they regularly used the FleXunity app to monitor
energy
consumption
and
production.
Furthermore, some participants also stated they
usually used the app to control devices
connected to their smart plugs.
FleXunity Consortium partners defined a
comprehensive list of key stakeholder groups
relevant for the FleXunity project and engaged
them early in the project to gather their opinions
on the impact that FleXunity could have on
stakeholder operations, demand management,
energy savings, occupant comfort and
engagement and overall satisfaction levels.
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KPI

Result

Threshold
Target
Value

KPI table analysis
Calculation /
Monitoring
Interval

Comments

ICT Dimension

Improved
Interoperabi
lity

4

4

End of project
implementation

ICT response
time

290 ms/byte

N/A

During project
implementation

Considering the surveys and direct contacts with
the different stakeholder groups relevant to the
FleXunity project, it was acknowledged that the
FleXunity´s open API infrastructure-based
technology
significantly
improved
the
interoperability
between
the
different
information system, including coordination and
interaction with network operators (DSOs and
TSOs) and other markets (balancing markets and
ancillary services markets and wholesale energy
markets). It was made possible by offering a
number of interoperable APIs and endpoints
guaranteeing a seamless communication,
control, and integration (through APIs) allowing
different stakeholders to automate and scale-up
the necessary data exchanges protocols for
managing and optimizing both implicit and
explicit demand response.
Tests were made for several of the energy assets
available for control. This number reflects the
average of the results obtained. This means that
the system is ready for real-time monitoring and
control.

Regarding the capability of energy communities to provide flexibility services, namely through replacement
reserve standard balancing product (RR), the full description, assumptions and KPIs developed for the
validation and evaluation scenario are extensively described and analysed in D4.3.
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5 Conclusions
This report presents the progress done on the T6.3 and T6.4. As part of T6.3 FleXunity Consortium partners
defined a comprehensive list of key stakeholder groups relevant for the FleXunity project and engaged them
early in the project to gather their opinions on the impact that FleXunity could have on stakeholder operations,
demand management, energy savings, occupant comfort and engagement and overall satisfaction levels. This
task enabled the contact of over 100 high quality, non-end user, stakeholders by email and phone enabling
dissemination of the FleXunity project and yielded a survey response rate of 47%. In general, the end users
were happy with the project’s engagement process and communications and would be happy to recommend
the FleXunity app to a friend, although room for systems and app improvements were noted by at least one
pilot participant. End user respondents also reported that they felt that remote, automated control of flexible
device will not decrease comfort levels. From the results of the survey, we conclude that demand
management, energy savings and occupant comfort can be accommodated by a VPP and energy community
solution such as FleXunity.
In line with T6.4, the FleXunity platform was tested and validated from different perspectives/dimensions. To
do so, several KPIs were established, categorized in different dimensions, such as technical, environmental,
economic, social and ICT, to effectively measure and prove the value of FleXunity solution, and the benefits
delivered to key relevant stakeholders. Concerning the technical dimension, to control and manage the EC
demand flexibility resources, FleXunity platform strongly relies on demand and generation forecasts
algorithms. The result shows that the AI algorithms on which the FleXunity platform relies to perform the
forecasting of the demand and generation can be rated as excellent. This means that the forecasting
algorithms are reliable and can be used to establish the flexibility forecasting in a relatively accurate form.
Further developments in the demand and generation forecasting are required. Even if the results show an
excellent simplified accuracy, particularly on the demand forecast, a decrease on the error may be important
for a more accurate establishment of the flexibility forecast.
Furthermore, the results of the flexibility optimization algorithm designed and developed to optimize the REC
members energy consumption and production through the scheduling of users' energy flexibility of distributed
energy assets (i.e., distributed generation, battery storage units, domestic appliances, electric vehicles, heat
pumps, and HVAC systems, etc.) also look favourable. The results of the indicator related to unlocking
Flexibility have indicated that the Flexibility model is able to maximize the savings of the EC members by
increasing their self-consumption and reducing the generation surplus. Furthermore, due to the lack of actual
surplus PV generation in the pilots sites of each Energy Community, different scenarios with higher surplus PV
generation in the EC were established, tested, and compared to better understand the flexibility model impact.
The results of data acquisition success KPI were slightly above the established threshold. Several
communication failures have occurred and are still being corrected in some specific IoT devices. With a total
of about 380 IoT devices deployed in the pilot sites, there are several issues with relatively easy solutions.
Some are user behaviour dependent, but others are related with communication barriers. These issues are
being solved with better user training for awareness increase and with deployment of extra devices to act as
ZigBee network repeaters.
Concerning the economic dimension, the results have demonstrated that the energy consumption scheduling
strategy executed by the FleXunity platform can produce significant economic benefits for EC members. The
analysis show that EC members can reduce their energy costs in 13% and 15%, respectively for (Iberia) and
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(UK) flexible Energy Communities. This can further be improved by improving the self-consumption and
eliminating the generation surplus.
The evaluation activities and analysis of the capability of energy communities to provide flexibility services is
extensively described under the deliverable document D4.3.
Furthermore, considering the surveys and direct contacts with the pilot members we can realize that EC
members awareness about environmental issues and economic benefits due to the reduced energy
consumption has been increased.
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