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Thisdeliverableis developed in the scope of the BeFlexible prgjettich aimsto increaseenergy systers
flexibility. BeFlexiblemain goak areto enhance cooperation between system operatovghile easing
involvement from all energyelatedactors This is to be achieved through the validation dedhonstration

of adapted and proverrosssector services, along with the creation of interoperable platforms for smart
grids. Tis approach involvedurther developingpre-existing solutions and establishing a comprehensive
system architecture framework essential for fostering nBusinessModels (BMs) TheseBMs will offer
additionalvalue to address consumers' neeggile complying with a stable regulatory framiork.

Thisdocumentpresentsthe work conducted and the outcomes derived fr@askl1.3¢ Design of a flexibility
centric energy and crossector value chaiT1.3)and Task1.4 ¢ Business Use Cases dfely Performance
Indicators(KPI$ definition (T1.4) part of Work Package 1

T1.3is centred irthe analysis oflexibility-centric services anBMs theidentification of the flexibilityenergy
and crosssectorValue Chain (VC) and the functional specification of the Grid Data and Business Network
(GDBN)an interoperable digital platform to support and facilitate the activities of the flexitikytricVC

First,a literature review ofpre-existingBMs either proposedin other projects oadoptedby companiess
carried out The revised BMs argroupedin seven areasBMs for Dstributed Energy Resources (DERS)
provision BMs for DESprovision as a Servi¢mcluding Energy as a Service (Ea88)} to reduce electricity
bills of flexible consumer8Ms for crossector activitiesBMs for the operation of power grigd8Ms for
supplying electricity to consumem®Ms forcommunities Here, it is identified awvide range oproposals and
commercialmodelssuitable forincreasing consumeside flexibility, operating gridsand create additional
value from crossector activities such amobility, safety, security, and healthcare.

Fom the roles identified in the revised BMs, a rateodel is proposed which includeshe essential
stakeholdergo support themain activitieso be developed within th& C.This approachassumeghat BMs
can becharacterizedy the different rolegakenby the involved actorRoles are performed by actofsach
actor carhaveseveraloles and, although each role canuallybe playedby several actordegalissueanay
arisefrom the existingeegulation

Most of the rolesincludedin the BeFlexible role modate alreadyenvisionedn the Harmonsed Electricity
Market Role Model (HEMRMWyith some newonesbeingadded to complementertain activities namely
crosssector BMsThepossible and mosimportant interactions betweertheseroles are presentedh the
following diagram.
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Figurel.l ¢ Flexibilitycentric and CrossectorVCdesign
As a summary dhe BMsanalysedaset of eightmainBMsis identified

BM1: Traditionatetailer.
BM2:Flex assetacquisition
BM3:EaaS from retailer
BM4:DERs from retailer
BM5: Grid flexibility.

BM6: Crosssector services
BM7:Flexible EC

1
1
1
1
1
1
1
1 BMBS8:Flexible EC with shared assets

The description of eacBM issupported by aBM canvas and they are alsoclassifiedaccording to a
evaluation methodologyproposed by the authorsurthermore, inance is examied by reviewingfinancing
mechanismge.g., equity, debtcrowdfunding, ety and evaluatingtheir viability to supportthe proposed
BMs

Fromthe flexibility-centricBMsanalysed and identifiedhe flexibility-centricVCis developed and described

The goal of the VC is tdentify and characterizall the mainprimary andsupportingactivitiesneededfor

the flexibility provisiorand the actors involved. Thistie base for the design of the GDBN to provide support

to these activities. Indeed, the GDBN shotddilitate the enrolment and support the engagement of
flexibility stakeholdersegardlesf their role and flexibility potential. Moreover, must providemeans for

energy markets to adapt to flexibility services and make DERs available and interoperable for all parties, thus
contributing to unlock the flexibility of consumébssets

The VC idivided insixstages which are summarizenext

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesseatlyhase of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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1 FlexibilityCapacitation Identify the availableD2 y 4 dzY SNE Q &A RS Ft SEAOAf AG R
retrofit of assets using the BMs previously described.

1 Integration/Enablement Operate and manage the assets previously installed, the configuration of
Energy Management Systems (EMS) and Home EMS (HEM®)ying data processing, and the
integration of consumers with digital platforms.

1 Aggregation Operation of digital platforms byAggregatos and controlling assets after flexibility is
negotiated

1 NegotiationPreparation Determineflexibility needs, identify flexibility zongand calculate flexibility
bidsto be submitted.

1 Market Operation Operation of a flexibility market platformwhich collects bids and helps flexibility
procures to select bidand formalize contracts

1 Activation andSttlement. Activate contracted flexibility and settle it according tlee contractual

agreements.

For each stage, the main roles along with primary and support activities essential for its operation are
identified. The VC was presented to and validated with all the partners involved in WP1 during a workshop
session.

These phases, the primary and support activities of the flexibilitpndthe main roles participating in the

activitiesare represented irfrigurel.2.
Negotiation Market Activation &

Flexibility Integration
capacitation /Enablement

= Aggregator/EC DP * TSO-DSO coordination
* Assets OM management * Flexibility needs * Activation
Main activities * Asset provision and 'S:;Trs;‘i:qi(;oss- * Bidding * Flexibility zones * Market DP operation  * Monitoring
(regular operation)  installation or retrofit + Activation « Bids selection

Aggregator constraints) * Bids preparation « Verification (baseline)

- (Sub)Metering + Verification (baseline)  + T50-DSO coordination * Settlement

* Settlement

* Billing
= Market registration
* Registration * DSO pre-qualification
= A tor/EC DP
. o o el a * Aggregator DP IggrAeEa .;;—/ | « Market DP int ti . q
Main activities ontracting suppo Integration algorithm development arket integration Contracting support
(done once) i i - i i
* Financing o FirErehE . Agg‘n‘agat'or pre- + Baseline computation
qualification
* Contracting support
ettioney, disgnostcs, - Market analsis
s g ; P ~ * Energy services: sizing, . .
optimal aggregation, EC ’ Llnks With eross-sector efficiency, diagnostics, "+ Market simulation
Secondary ti o services ) ’ i ’ o . * Market analysis and .
. il DL el optimal aggregation, * Bidding strategies N » Statistics
activities education * Maintenance and REC creation support, [epeitng
support services PPOrL « Forecasting
* Maintenance and Bh education ) )
. * Grid analysis
support services
* Consumer * Resource Aggregator * Resource Aggregator
* DER Provider * Resource Aggregator  * BRP * DER Manager
. . * DER Manager * Flexibility Market
Main roles * ICT Provider * EC manager * DSO * Meter Data Collector
* Consumer Operator
* Manufacturer =TSO » DSO and TSO

* ESCo, SCo

Figurel.2 ¢ Flexibilitycentric and CrossectorVCdesign

* Billing Agent

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesseatlyhase of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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From the VC it is possible to design the functioaadhitecture of theGDBN a digital platform to be
developed in the scope of BeFlexib#?3(T3.3) Asalready said,lie GDBNs a multistakeholderplatform
that provides an integrated ecosystem to suppibre partiesinvolved irthe flexibility VCsuch agonsumers,
Aggregatos, service providersand DSQs

Todevelop this functional specification,review of preexisting digital platformsvas carried outsince the
GDBN mighinclude similar functionalities anteract withsimilarplatforms especiallyin the case omarket
platforms (e.g.OMIE platform, Piclo Flex, eteyhere the objective ofhe GDBN is not to replace them but
to offer an interoperable gateway to operate with therihis review includeshe most advanced or
widespread platforms identifiednd operating in EuropeAfterwards by analysing the actors and systems
interactions along the VC activitighie data exchange requirements of the GOBM., the information it
might receive, store, and sendre identified

An essential part of the GDBN is the support to the provision and activation of flex®ditgequentlyit is
crucialto identify or proposean endto-end methodology for the provision of flexibilityupported by the
GDBNwhich isalsooutlined in this documentlt is divided in fivgohases including:

1 Prequalification: Deals with the certification ofAggregatos and flexible assets, ensuring they are
financially and technically able to provide flexibikiyd participate in flexibility markets

1 Negotiation PreparationDSO forecastgrid constraintsand if potential grid constraints are identified,
and it is deemed that flexibility can solve thethe DSO forwards its needs to the market, so that
Aggregatos can submit bids.

1 Market Operation:Market clearing is done by the market platformnd final bids are selected by the
DSO.

1 Activation:Flexibilityfrom consumesside assetss activated.

1 Validation & Settlementlexibilityprovidedby eachAggregatois calculated using pragreed baselines
resulting in remuneration/penalties to be settled between thggregatos and DSO. This last phase can
be done with or without the support of the GDBN, as decided by the DSO.

For each phase the main actors and systems and the timeline of their interactions and the conceptual data
exchanged are identified and described.

Thisproposalalso addressedhe definition of flexibility productghat will be supported by the GDBN for
demonstration purposes (although other products could easily be addeded ona literature review of
existing flexibility productaised in the revised platforms or proposed in other projedibe resulting
products include

1 Shortterm Dispatchedthe DSO procures, ahead of time, ajagreed change in thaggregato @utput
based on its forecasted network conditionsidtused in situations wherthe DSO is certain that the
flexibility will be needed, so that, when selected, thggregatorescheduless resources to comply with
the selected flexibility. The aim is to help DSOs manage network constraihthigh certainty, so the
flexibility activation decision is taken well in advanced.
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1 Shortterm Scheduledthe DSO procures, ahead of time, the option to activate aggeed change in
the Aggregatos output based on its forecasted network conditions. However, the activation remains
pending of a DSO decision closer to real time and according to actual grid condition, corresponding to a
situation when the DSO is not certain if the flexibility will be dex

1.2. Business use cases to be demonstrated

InT1.4 using theinputsfrom Task 1.1¢ Regulatory framework for fostering flexibility deployment: roles and
responsibility of existing and new agenfiask 1.2 ¢ Proposal for flexibility mechanisms designs: from
standalone mechanisms to efficient combinatipaad T1.3 and incollaborationwith Task3.1 ¢ Definition

of services and use cas@3.1) the Business Use CagB®JCsjo be demonstrated in the project pilots are
designed developed and described using the IEC 62559 use case methodology and template

This deliverablealsodescribes the use cases draftedBeFlexibldor the business level of the Smart Grids
Architecture Model (SGAM) framework, which enables itientification of businessrequirements for
flexibility-centric services covering DSOs, T3@gregatos, energy services providers, and other sectors
such as mobility and water distribution

In BeFlexible, the identification and writing of BUCs drew inspiration from established methodologies, such
as those in EU projects lik# 7evolvDSOH2020TDXASSISH2020InteGrid, andH20200neNet, as well as

the IEC 62559 standard. Initiated through an online workshop in January 2023, discussions with consortium
members and endisers identified five key topics, leading to 20 new or improved business processes.
Subsequent workshops and anagsresulted in a consolidated list of 13 BUCs across fouraithsm
consumer/communitycentric flexibility, griecentric flexibility, TS@SO flexibility coordination, and cress
sector flexibility boosters. The BUCs, presented stamdardisedtemplate, form the foundation fothe

system use cases (SU@sWP3and contribute to the overall project objectiveBigurel.3 depicts the
BeFlexiblBUCs.

Consumefr Planning and sizing of ener Optimal control of

Comr_nunity communitigs considegng custgri/le Operation, energy sharing and flexibilifll eldufeR il iglelgy 1R [eTe SR

centric flexibilit boosting of local energy communities] reduce costs and boost

flexibilit Y flexibility

X . - Aggregation for
Longterm Shortterm congestion Shortterm voltage Dynamic constraints TSO and DSO
distribution grid constraints forecasting constraints forecasting management for global grid services

congestion and management for locg§ and management for locg flexibility activation in

management LWl WA ez | transmission system operatig

TSGDSO
flexibility
coordination

Crowd Balancing: Interoperable data exchange between po Local and global market coordination for distributed resources|
system stakeholders flexibility

Crosssector

flexibility Capitalizing on flexibility available by Operating a value chain enabler for Combine energy services (productiol
boosters leveraging on water distribution grid assetiill flexibility-centric and norenergy serviceg storage) with mobility

e o o - ————————

Figurel.3-. S Ct S BUCalilid@hby domain.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Tablel.1l presents a summary of the BEIC

Consumer/communitycentric flexibility

Grid-centric flexibility

Tablel.1 ¢ Description of BUCs by domain

BUCOX, Planning and
sizing of energy
communities considering
customer flexibility

BUCOZ, Operation,
energy sharing and
flexibility boosting of local
energy communities

BUCO0Z; Optimize
domestic thermal loads to
reduce costs and boost
flexibility

BUCO4% Longterm
distribution grid
congestion (and voltage
constraints) management

BUCOX%; Aggregation for
TSO and DSO grid service

BUCO& Shortterm
congestion constraints
forecasting and
management for local
flexibility service activation

BUCO%, Shortterm
congestion constraints

For planning renewable energy communities (REC) and citizen energ
communities (CEC), led by tR@ergy Community Manager, focuses on
optimising capacities, sizing assets, and simulating pricing mechanisr
emphasises social and environmental benefits andisles shared energy
investments, maximises community gains, and contributes to sustaine
citizencentred energy practices aligned with EU directives.

For managing energy communities, led by the Energy Community
Manager, explore markdbased and centralised operation modes. The
objective is to share energy among community members for self
consumption and provide flexibility to the DSO. It involves ojstimgj
economic performance, considering various asset ownership models,
defining allocation coefficients and flexibility indicators.

Optimal control of domestic thermal loads aims to enhance flexibility
provision, decrease energy consumption, and lower associated costs
approach includes strategies like pestkaving, dynamic tariff
optimisation, and device retrofitting to optimise energy use, reduce ca
and contribute to demand response services.

Longterm congestion and voltage constraints management in the
distribution grid. It aims to integrate flexibility into DSO grid planning
processes, evaluating its value and potential contribution to smarter g
planning. Involves the procurement of lodkxibility products to manage
longterm congestions, deferring or eliminating the need for traditional
system investments.

Aggregating flexibility frorhousehold thermal assets, battery energy
systems, and building energy management systems. It aims to offer
flexibility in the local market to the DSO for solving short and-ten
congestion issues and provide flexibility to the TSO for various purpos
The Resource Aggregator engages in flexibility procurement processt
incentivises users to offer flexibility, decides on participation in differel
markets, and settles the flexibility provision, ensuring effective
coordination with both TSOs and DSOs.

Shortterm congestion management through the procurement of local
flexibility products by the DSO. It aims to integrate flexibility into DSO
operation processes. The system evaluates the ability of the operator
procure the right amount of flexibil for congestions, ensuring
responsiveness from Flexibility Service Providers (FSPs) in adhering
activation signals within specified characteristics and contractual term
The process involves engaging in both-dagad and intraday markets
for flexiblity procurement, monitoring delivery, and implementing
penalties for norcompliance.

Shortterm voltage constraint forecasting and management in the
distribution grid. The objective is to compensate for local voltage




TSGDSO flexibility coordination

Crosssector flexibility boosters

forecasting and
management for local
flexibility service activation

BUC1G; Dynamic
constraints management
for global flexibility
activation in transmission
system operation

BUCO08; CrowdBalancing:
Interoperable data
exchange between
stakeholders

BUCO0S; Local and global
market coordination for
distributed resources
system service provision

BUC1Xk Capitalizing on
flexibility available by
leveraging on water
distribution network
assets

BUC1Z%; Operating a value
chain enabler for
flexibility-centric energy
and nonenergy services

BUC13; Combine energy
services (production,
storage) with mobility
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violations using available active power flexibility from resources instal
in the grid. The shofterm control is performed on a deghead basis,
and the resulting activation signal is adjusted using updated forecasts
grid conditions, requiring moriting devices for enhanced grid
observability and knowledge of the electrical grid model.

Integrating distribution grieconnected resources into global flexibility
procurement and avoiding indirect contingencies on DSOs. The Traffi
Light Model is implemented for coordination, where DSO constraints
guide TSO resource selection, requiring canatid prequalification
processes and a secure data exchange platform.

Describes how TSO, DSOs, and Balance Service Providers (BSPs) ¢
register flexibility resources and exchange data via the Flexibility Reg
functionality during the resource prequalification process, facilitating
TSGDSO common information exchangesidSPs participation througt
a single channel for multiple markets access. Moreover, it supports
transactions for market operations and Traffic Light data exchange
between stakeholders, enabling secure coordination between local
markets and global markets.

Coordinating TSO and DSO procuring DER system services through
and global markets. Markediased coordination aims for efficient
resource allocation, preventing owprocurement, avoiding network
constraint violations, enabling value stacking, andading overall
economic efficiency. Coordination involves market phases to increase
liquidity and depends on factors like service location, primary buyer,
YFEN] SG dzal 3SzZ FyR ¢{hQ& RdomEce@d
resources.

Explore methods to enhance crassctor flexibility between water and
electricity distribution systems. Objectives include leveraging the Wat
S5A&0NRAO6dzIARZY DbSGE2N] Q4 Tt SEAOACT
focus is on understanding water didtution assets, establishing
monitoring processes for flexibility assets, and quantifying the flexibilit
potential for integration into electrical grids.

Operation of a flexibiliscentric value chain enabler. Objectives include
unlocking consumer flexibility, simplifying customer identification for
Demand Side Flexibility services, establishing renewable energy
communities, and creating business opportugst by connecting
Prosumes, Aggregatos, DSOs, and local flexibility platforms through tf
Grid Data Business Network.

Focuses oilectric Vehicle Supply Equipment (EVSE) powered by
renewable energy, emphasising charging flexibility, digital platforms, ¢
data sharing. The main actor, the Energy Facility Manager, aims to
decarbonise corporate fleets, provide uniform EV chargindfsari
maximise local and grid renewable energy usage, and ensure optimal
EVSE availability. It incentivises EV drivers foreifsttive and carbon
friendly charging, offers convenient tariffs, optimises energy consump
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at homes, and facilitates data access for cresstor service
development.

TheBUCQwriting methodology servéas a tool to document functional requirements, capturing the impact
of energy flexibility, smart grid implementation, evolving market structures, and regulatory frameworks.
Functional requirements align with the stdyy-step use case description, ensurimiprity. Business
requirementswere identified for diverse aspects like regulation and market dynamics

The key business requirements identified in the BlEscriptions were categorisethto market and
regulatory, social sciences and consumer engagement, and other requirements, including data privacy and
security.

The analysis focuses on DSO remuneration, regulatory experimentation, energy communities, aggregation,
submetering, baseline, acquisition mechanisms, and market structure in the market and regulatory.domain
It emphasisesligning BUC processes with existing regulations, addressing challenges in DSO remuneration,
promoting regulatory experimentation, steering energy community regulations, ensuring compliance in
aggregation activities, addressing submetering challengesnidgf baselines forflexibility provision
handling acquisition mechanisms, and consideriegg market structures.

The social science and consumer engagement domain highlight requirements for local energy communities,
emphasisingthe need to clarify shared resource benefits, address data sharing concerns, establish
contractual agreements, ensure effortless device/software installation for thermal loads, provide user
control in automated processes, apdoritise non-energy services to drive user participation.

This analysis alstiighlightedthe significance ofSeneral Data Protection Regulatig@DPIR compliance
across all BUCs involving customeraphasisinghe commitment to legal and ethical standards in handling
personal informatiorand data

Finally,Key Performancelndicators(KPIs)categorisedas technical, social, economic, and environmental,
have been defined for each BUC in the project. Information includes type, definition, alignment with the
Description of Action (DoA), targets, calculation methodology, and data collection procedure.
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TheBeFlexible proje¢started in 2022aims toboost energy system flexibility, improve cooperation between
Distributions System Operators (DSOs) and Transmissions System Operators (TSOs) artiogaestzon
for all energyrelated actors. This is to be dobgvalidathgand demonstraingcrosssector servicegreating
interoperablesmart gridsplatforms, and refining preexisting solutionsTo achieve these goali is crucial

to establish arobust system architecturéramework which can fosternew BusinessModels (BMs) that
addressconsumed izedswhile complying with a stable regulatorframework

The main objective of Work Package 1 (WP1) setathe general framework foBeFlexible. This is to be
achieved by setting ouproposals for the regulatory framework, market mechanisafackgroundfor
flexibility-centric servicesind referenceBMs and by defining the BsinesdJse Cases(BUCsJo be tested in
the demonstrators bng with the KPI& evaluatethe project outcomes.

WP1 is divided in fours tasks:

i Taskl1.1¢ Regulatory framework for fostering flexibility deployment: roles and responsibility of existing
and new agent$T1.1)

1 Task 1.2 ¢ Proposal for flexibility mechanisms designs: from standalone mechanisms to efficient
combinationgT1.2)

1 Taskl1.3 ¢ Design of a flexibilitgentric energy and crossector value chaifir1.3)

1 Taskl.4 ¢ Business Use Cases and KPIs defini{ibhgl)

The goal of T1.1 is tpropose a framework to overcome existing regulatory barribisdering the
deployment of flexibility. This proposivolves strategies to address regulatory experimentation, establish
remuneration schemes thahcludeflexibility, establish ownership rules, ensure a level playing fiettie

use of flexible resourcaswvnedby system operators and third parties, and enable the aggregatidinese
resources.In T1.2 the goal is to propogew acquisition mechanisms and regutats that promote an
efficient exploitation of flexibility and foster customer engagemditite results of T1.1 and T1.2 are provided
in D1.1.

Regarding the tasks associated with this document, T1.3 and T1.4. First, in T1.3, the objectlesigntan
energy and crossectorVCto sustain flexibilitycentric services anBMs Since tle VCis alsomeantto serve
as the basis for the development of the Grid Data and Business Network (GDBRJ its prespecification
is included in this task. T1.4 is centred ondesign and develapent ofhighllevel BUCt be demonstrated
in the project pilots and in the definition oKPIs which are defined considering different dimensions:
technical, economic, environmental, and social.

In what concerns the interactions between these tasks and between this WP and other WPig(se2.1),
T11 and T1.2 providenputsto T1.3 andr'1.4(i.e.results of the regulatory framework analysisd efficient
combination of flexibility acquisition mechanisnRegarding the interactions with other WRsitcomesof
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WP2 help to define the VC and BMsin T1.3 and T1.4Additionally WP1 providesinputs for the
implementation of theGDBNAY 2t od® C2NJ 2tnX 2tp YR 2tcX | &aaz2a0)
interaction with WP1 is essential for thiefinition of theBUCSs. Alast, WP7 leverageon WP1 to address
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Figure2.1 ¢ Overview of the interactions between WP1 and other WPs
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This document presents the work carried out in T1.3 ahd}.

Regarding T1.3, itwain goal is talesign an energy and cressctorVCto sustain flexibilitycentric services
and BMs For that purpose, it is createa role model, which includes pexisting and new market actors,
and details the interactions between thery.set oinewBMsisproposedwhich are supported by a literature
review of contemporanBMsimplemented by companies and other projects. These B&g are described
using the proposedble modd, and by using 8usinessModelCanvag BMC) Additionally, they arevaluated
according to aroriginal evaluation methodology proposed by the autharkthis work At last, fnandal
aspects arexamined byassessinghe most suitabldinancing mechanisms tond the proposedBMs.

Since the energy and cressctorVCis also expected tbe usedas the basis for the development of the
GDBN in W3, its prespecificationis also describetiere. To conduct this work, first it is done a review of
digital platforms associated with the provision of flexibility, since the GDBN has the potential to interact with
similarsystemsdn the future.Additionally, andto define data exchange requiremenisthin the GDBN, it is
important to anticipate the information it might receive, process, and transmit. Theegfitris vital to
describe a methodology for the provision of flexibilitiien incorporatinghe GDBN, which is outlined in this
document.lt is divided in multiples stages and includes all the main activities and steps for the provision of
flexibility to system operatordt alsoincludes the definition of flexibility products, supported by a literature
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review of preexisting flexibility productsised in other digital platformr proposedin other prgects The
pre-specification of the GDBN is complemented by an overview of its services, deployment, and life cycle,
and how it supports the proposedC

In T1.4, theBUCg0 be demonstrated in the pilots are designatkveloped,and described using the IEC
62559 use case methodology and templaatong with the KPIs to assess the project outcomes.

The structure of this deliverable is the following:
1 Chapter3 presents the reviewe®Ms, theBeFlexible role model, a set Biis proposed for this project

and the financing mechanisms available to support them.

1 Chapter4 illustratesthe flexibility-centric energy and crossector VG explaining its main stepand
activitiesand actors involved in each one of them.

1 Chapters presentsthe reviewed digital platformahe proposed flexibility exchange framework, and the
envisioned products. Additionallyt, provides the prespecification of the GDBN, including its servjces
data payloads and life cycle

1 Chapter6 describes the standardized methodology adopted for writing the Blillesitifies business
requirements and KPIMoreover, it provides an overview of all the BUCs included in this project

1 Chapter7, as a conclusive chapter, summarizes the vetmire and the objectivesccomplished

Regarding thannexes Annex lincludes a summary andhe resultsof a workshopwhere the design of the
FlexibilitycentricVCwaspresented toand validatel with all the partners involved in WRAnnex lpresents
the template used for the writing of the BU@mnex llincludesall the BUCs developed within the project
and, at lastAnnex IV details all the KPIs
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In this sectionthe most significant BsinessModels (BMs)identified in the reviewed literature are
summarisedand organizedaccording to their nature, parties involved and objectivEhe BM selected are
related to the provision of flexibilityo third partiesbut are not limited toflexibility and try to account for
other very linked activities such as the provision of flexibility resources or the management of these
resources.The relationships between theoledactors participating in these BMs atater described in
section3.2.

This first set ofBMs is related to the provision of flexibland crosssectorresources toConsumes. In this
BMa company supplies flexible assets to a residential, commercial, or ind@tnaumerIn some cases, a
Financing Entitgan facilitate the access to the required funéts.general, the DEprovisionBMs equip
Consumes with assets that allow them to benefit from their own flexibility optimize their economic
efficiency or to sharethe flexibilitywith other stakeholders, such as otheéonsumes, Retailes, Aggregatos,
DSG@, among othersThe reviewed companiesd projectsand the most relevant Bbidentified in each one
are collectedn Table3.1.

Table3.1 - Most relevant reviewed companies and projects regar@inig for DER provision

Photovoltaic(PV) systems

provision @edp SUNPOWER' Trinasolar otovo

Battery Energy Storage _ _ .
System(BESprovision T=sLm @edp

CONNECTED
NERGY

Alpharss \ POWERVAUL

LY

DER Provision .
HEMS provision qorvo ABB & R @ amazon TITAN

Water Heating (WH)Heat
Pump(HP) andHeating,
Ventilation, andAir C edp THERMZVAULT
Gonditioning
(HVAQ)rovision

In this BM, a firm, acting as DER Provider, supplies solar PV systems to private and/or public property owners
wishing to have a set of PV panels on their property whose primary tgeiéallysel-consumption. In this

case, the property owner, thBER OwneandConsumeare all the same entity. There are several variations

of this BM[1] that aredescribed next.
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One alternative BM adopted by some firms, is to simply sell the components necessary for a solar PV
installation, allowingConsumes to choose between acquiring individual parts or a complete package with
all the componentg2]. However, in the most widespread BMhe DER Provider offesolar PV systems
tailored to the needs of eactlientthat are ready for immediate use through a haske proces$3], [4].

Some companies extend their offers with services to provide even more complete solutions. For instance,
they mightexpandinto other activities such as PV system maintenance and monitoring, or act as mediators
between theConsumernd institutions that provide financing for the projegs.

Certain DER Providers even sell other equipn&n{6], such as EV chargers, water heaters, heat pumps and
batteries, which are meant to complement the PV systanibetter profiting from the seltonsumed energy
and create additional value tthe Consumerswhen used togetherl]. If the DER Provider is not a
Manufacturer,it must acquire large quantities of the different parts from wholesalefslanufacturers and
combine them into packages, which are sold at a higher price to generate [djofit

From the companies providing PV parnafalysedsome are als&nergy Suppliersuch ashe cases of6]
and|[5], showinghow thesefirms often behave alsas DER Providers.

Regarding financ&;onsumes canoften choose between a single payment or monthly paymehktsreover,
anddue to environmental policies to promoRRESConsumersan also benefit from reduced VAT ratehen
acquiring PV pane[8] or from othergovernmental fund®r subsidieghat support the acquisition of these
systens [7], [8]. Althoughnone of the companies mentioned in this sectiese crowdfunding as a finance
mechanism, it is a viable option ftliese types of Blg] and someexamplescan befound online[9]. For
instance, iN10] PV systems are financed via crowdfunding, allowing imgdeen individuals to invest in
projects aimed at fighting climate changes and help businesses to be more sustainalidel@andr their
energy costs, while receiving a financial return from these investments.

ThetypicalBM consists ira company which takes role of DER Providetsells BESS for users for behind the
meter applications, such as ensuring backup power provision, increasing RMrseifmption, reducing
demand during peak hours, benefiting frafimeof-Use (ToU) tariffs and providing flexibility to othgrarties
[11]. There areplenty ofcompanies selling new BESSmnsumes [12], [13], with some of them selling the
batteries together with PV panetince BESS are a mean to increase PV pasiek[14].

However, as an alternative to the delivery of new batteries, as describfkbjnit is also possible to use
secondlife EV batteries to manufacture BES8eseBES$an besold to residential, commercial, and/or
industrial Consumeyr being installed in their property. The buyer either pays for the system upfront or can
ask for a loan to a Financial Entity, with the DER Provider acting as a métidtdihis technology allows
thousands of used batteries with different levels of degradation to be aggregated, operated and used as one
single stationary BE$85]. As thenumber of EVs increases, mor# fife batterieswill become available,
boosting this BM and helping to drive the shift to a circular economy, reducing waste and making these
storage systems more affordal&6].
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Nowadays, Home Energy Management SystériEMS)are a growing sectorHEMScreate value to
Consumers by helping them to save energy and money by camglsiantrol and scheduling options, which
can be used to help to adapt energy us@be].

In thisBM, the companies selling the HEMS system (DER Provider) usually produce custom made solutions
to match the home and requirements of each Consufd&i, [19].

The systems available in the market are capable of not only overseeing energy consumption and change the
behaviour of appliances, but alsaf performing automated tasks to enhance comfort and security to
homeownerg20].

Since most HEMS are highly personalized solutions, not a lot of information is available regarding under which
conditions they are supplied to the Consumers. As such, there is a gap of information associated with
payment terms so it is notlear if, in real life implementations of this BM, Consumers are expected to pay
for the system upfront or if they are allowed to pay it in multiple instalmeriswever, byanalogy withto

what happens in other BB possiblyboth options are available.

In some casedVHand HPare provided directly to Consumers by tManufactures, but most commonly
they are sold by a large resell@ER ProviderAdditionally, certain Retailers are selling smafttito their
Consumers, with the option to either make a atirae payment or recurring monthly payments until the cost
of the device is covered, as[@il] and[22].

Comparably, HVAC systems are usually sold to the Consumers either by manufactures or resellers. Some
Retailers also sell this equipment to Consumers, allowing them to opt between makingtimmengayment

or paying a recurring monthly, as[@3] and[24]. In these BM, the Retailer, acting as DER Provider is, once
again, responsible for installing and maintaining the device.

Other BMs are based on retrofihardwareto control andoptimise theconsumptionof electric WH, heaters
and HR helping their ownerso lower energy billsto automatically set heating schedules for time periods
with lower pricesand to increase selfonsumption (if availablgR5].

Apart from the traditional BM whera Suppliersimply sells the resource to the ConsumeBMthat is often

found across multiple sectors is the EaaS, a variation of the Anything as a Servic26{ada&3S is a BM in

which a product is presented to a Consumer as a Sef@@]ethat is, the product is not sold, butiisstead

rented to aConsumerwho is charged for using it. From an economic perspective, this misanghe
customer swaps capital expenses for operational expenses. The seller is in charge of maintaining and
repairing the product during the contract and can use information via the Internet of Things (IoT) for real
time supervision and improvemenf&7].

TheXaa$S concept is not new, being introduced over sixty years ago by a company to promote the use of their
copy machines in officd27]. Nowadays, there are multiple examples of companies from inside and outside
the energy sector adopting this type of BM, as evidenced by the existence of Solar as a Service, Energy Storage
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as a Service, Charging as a Service, HVAC as a Service, Smart Home as a Service, Heating(asea Service
Table3.2) but also Analytics as a Service, Blockchain as a Service, Data Storage as a S¢28fe, etc

There are several advantages related to the EB¥Sfor the companies adopting. The first advantage is
particularly important for firms suppling costly or premium products. Because the EaaS model does not
require customers to make upfront investments, expensive products become more affordable to a larger
selection of customers, leaty alsoto predictable and recurring revenue and/or cost streams. Another
advantage of deployingreEaa$S option is the continuous feedback loop received from the constant contact

with the customer. This gives tiguppliervaluable data to continuously leaabout customer experience,
SYKIFIyOS GKSANI LINPRdzOGazZ YR AYLNRO®S (GKSANI aSNIIAOS
loyalty. By making improvements based on the received feedback, it is possitlertivethe quality of the

service provided, increasing the loyalty of the Consuriize$

Table3.2 - Most relevant reviewed companies and projects regar@ihtg for DER provision as a Service

i », rerror (0) ed =2 (2G5 i
Solar as a Service - ©@edp BRO4oL 2 COteborg Energi
oTOVO
. g
Energy Storage as a Servic [ Younicos &? Wattl cgic
POWER
DER Provision as a ) -
Service Smart Home as a Service QoOrvo veea’
Charging as a Service tridens ev oQoLEs (M ?!';::Iharge% 4 Wattlogic
HVAC as a Service P venwiz =1 PrimexVents

In Solaasa ServicgSaaS), also known as R¥a ServiceConsumers make use of their rooftops to install PV
panels owned and managed by'&8arty company. In this case, th& party company is a DER Providédro

is alsoresponsible for the installation and maintenance of the equipm@6§. ThisBM might be attractive

for Consumersinceit allows them to enjoyhe benefits of seftonsumptionwithout assuming any risks for

the PV installatiorf31]. There are several companies implementing variations of this BM, as described next.

In [32], the DER Providés aRetailer.Theadvantagegpresentedto the Consumersvho adopt this BiVare

no investment costs, a maintenance service for the entire duration of the contract, a continuous monitoring
of the PV plant in a control centrand access to an energy management platform whean be seen
energyconsumption angroduction from the PV pane[82]. ThisRetaileroffers twovariations ofthe SaaS

BM. In the firstone, the Consumer pays monthly fee for the use of the pandlsat is proportionalto the
energythey produce(no fee if no energy is producedjvith the Retailer ensumg thatthe monthly fee is
always lower than thenonthly savinggesuling from seltconsumption Meanwhile, n the secondne, the
Gonsumer pays dixed monthly fee which depends on the characteristics of thenstallation andon the
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expected productiorfforecastedsavings)In both cases, the contract lasts up to 15 yeansl once iiis over

the Consumeran choose tdecome the owner of the PV panels at no additional comtew the contract

an keep using the panels as a Servicaarrenew the contract and return thequipmentto the Retailer

[32], [33] The same companglsopresentsa BM morealigned with collective setfonsumption andeergy
Communities To create such community,@nsumer with available space for installiRypanels start by
contacting the DER Provider (who is also tRetailer). After a validation phase, neighbours are recruited to
join the community and the PV panels dhen installed. Afterthey startprodudng, both theProsumerand

the neighbours receive a portion of the solar energy generated at a discounted price. Furthermore, they
contribute to a more sustainable society, enhance their sense of community by being part of a sustainable
energy sharing network and receive sadmergy without any investmeri4].

An alternativeBM is depicted i§35], where another Retailer acting as DER Provider installs, operates and
maintains a solar PV system on the roof of a selected user (rodtee) roofer can consume the energy
produced by the panels and, in the case of a surplus, supply it to nearby Consumers (matchers), who are the
other active participants in this program. Additionally, at the end of the 15 years contract, the roofer can
keepthe panels forfree, improvingtheir property's energy certificate. Since the DER Provider is also the
Retailer,this simplifies the energy sharingnd billing, and the compensations for the roof renting. In this

case billing is divided into 3 different componentfsxed monthly tariff (for matchers), unique billing scheme

for selfconsumption (for matchers), and amique billing scheme for electricity consumed from the grid (for
matchers and rooferdB6].

There are other private entities offering subscriptibasel BMs for PV panels apart from those already
described, such 487] and[38].

Equivalent to &S, Energy Storagss a Service(E®aS) allowsConsumes to benefit from a BESS without
purchasing i{39], paying a rental fee for the duration of the contr§40].

However, while various companies presentimgSBMs were found, not so many appear to be implementing
E®%aS as a standalone optiondeed patteries are usually not offeresba Serviceon their own, but together
GAOUK t+ LIyStad ¢KA& aAlddzr A2y | LILIS| NIonsunes ad PVLI &
panek or can only complement PV panels to bring real value

Even so, a few examples of companies adoptirgE®ere still found, such as[iil], whereConsumes pay
a monthly fee for the battery42], similar to the BMoffered by others irj40] and[43].

In Smart Homeas a ServicgSHaS) the Consumer pays a monthly subscription for a HEMS system delivered
by a DER Provider. This is a model that is mear€@dmsumes who want the convenience of a smart home
without having to worry about any technical detgisl]. Instead, it is the DER Provider that is responsible
for supplying, installing and assuring the proper operation of all the devices related with the[WEMS

In the reviewed BIg it is mentioned how the DER Provider role can be taken by companies such as
telecommunicationgperators,includinglnternet Service Providers (ISP) or cablproviders[44], [45].
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Chargingaisa ServicdGaaS can be used as an alternative to owning private EV Charging Stations (EVCS). This
is regarded as a ridkee option forConsumes, without any upfront investments, where the only running
costs are a monthly or annual fee paid to the DER Provider, who delivers a finished product and is responsible
for operating and maintain the statiorj46]. As such, the company offering the EVCS takes not only the role

of DER Provider but is also a Charging Point Operator (CPO).

According td46], the EVCS remains under the ownership of the DER Provider. Once the contract is over, the
two parts can negotiate what do to next. For instance, @@nsumeican buy the charging station from the
DER Provider, or the contract can be extended, and the equipment upgraded or replaced by new models.

The advantages associated with CaaS are the lower initial costs, more predictable expenses (avoids costly
and unexpected repairs), lower risk, ease to upgrade (often included in the subscription) and easy scalability
(adjustable for different EV chargingeds over time)47]. Furthermore, certain chargers allow users to

profit from flexibility provisior[48]. As é@BM, GaaS seems to be broadly used by DER Providers, with multiple
companies using this BM with only slight variations.

HVAGsaServicd HVA@&S) is a new BM whereManufactureror DER Provider offerssaibscriptionbased

service for using their HYAC system, which they own and maiftamequipment is actively operated and
Y2YAUG2NBR o0& (KS 59w t NPOARSNE ¢K2Qa SyuANBie NB
functioning of the devic§49].

The next BMare related to the reduction of electricity bills f@onsumersincluding residentiacommercial,
and industrial Consumershey are summarized ifable3.3 and described next

Table3.3 - Most relevant reviewed companies and projects regar@ig for the reduction of electricity bills félexible Consumers

SmallConsumer®ptimizing U‘Eeg rld electri I CER
Reduce the electricity bills bridging Ireland A
electricity bills of
flexible Consumers LargeConsumersptimizing 'Lp'[,egrid Balance N SEE
bridgin C o |

electricity bills

The separation between small and largigedConsumes takes placanerely because their capadés and
purposes aresignificantly different For instance, a largadustrial unitmightdismissan Aggregatobecause
it already has substantiaload[50].

In this BM,smallsizedConsumerssuch asouseholdsand small commerciabr industrial firms,use their
own flexihlity to reduceelectricitybills. The main strategies to reachis goalinclude
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Energyprice response; A type of implicit flexibility51] which encourage€onsumes to adapt their
consumption patterndo variable electricity pricefb0]. Directive 2019/944givesConsumers the right

to havea tariff with dynamic priceand, as suclthere aremultiple Retailersoffering thisoption to their
clients[52], [53]

Network tariff response; Another part of the implicit flexibility related to the grid access tariff§1]
which alscencourages Consumers to react to varialylet time-dependentnetwork tariffs[50]. Indeed,

the integral tariff of the customers includes both the enepgice,and the network access tariffs.

Energy Performanc@ontractsg An external organisationansignan Energy Performance Contract with

a Consumer50]. Under an EPC, thexternal organisatioimplements aLIN2 2S04 2y (G KS
property (e.g.renewable energy projedr a project to increasenergy efficiencyand uses the stream

of income which come fronmhe renewable energy produion and/or from the energybill reduction to

repay the costs of thenvestment[54].

Installation of DE&and selfconsumptiong Consumers can install D& Rroduce electricity, and become
ProsumersSo far, he most common technologies are solarg&ielsand, if costs continue to decrease,
BES$0] (see3.1.1and3.1.2.

Provision of flexibilityg Consumers can offer their flexibility to other parties, usualty a flexibility
market andthrough an Aggregatd60] (see0).

Energy Communitieg As recently defined in Directives 2019/944 and 2018/2001 sRBE CE€are
meant to allow Consumers and Prosumers to cooperate in electricity generation and consumption
following an approach that enables them to reduce c¢S¢q (see3.1.7).

In this BM,a large-sizedConsumer e.g.,an industrial unitmakes use of its internal flexibility to reduce
electricity bills[50]. There are multiple strategies and mechanisms through whhielse Consumers can
increase antbr take advantage of their internal flexibility for sélénefit

1 Energy price responsgeA type of implicit flexibilityf51] which encourages Consumers to adapt their

consumption patterns to variable electricity pri¢ésr instance by altering workingours orshifts, in the

case of industrial ConsumerEhis can bearticularlyattractive for energyintensive Consumers, whose
operating costs are highly affected by energy expefs@ls

Network tariff response; Another part of the implicit flexibility related to the grid access tariff§]
which also encourages Consumers to react to variable network te8ifise network charges are more
stable and predictable than energy prices, they can be a more interesting option for industrial
Consumers, as it avoids recurrent changes in production schel@lps

Installation of DE®¢ Consumers owing generators can fulfil part of their deman@omplementarily

they caninstallstorage systemsuch aBESSp store generation surplusgS0].
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1 Hydrogen productiorr Another option is the production of hydrogen, which can be stored in tankis
later usedto produce electricity, used adael forvehicles, employeih industrial processg$5], or sold
to nearbyfacilities[56].

1 P2P trading; Consumers canxehange energgmongthemselvesriapeerto-peer transaction$s0].

1 Provision of flexibilitygc Consumers can offer their flexibility to other parties, usually on a flexibility
market(see0).

This next set of BKis related toactivitiesnot directly linked to the energy and Hmility VG such as mobility,
safety/security and healthcargervices asshownin Table3.4.

Table3.4 - Most relevant reviewed companies and projects regarding Bkcrosssector activities

Optimizing EV charging D) Frowee. @ WeaveGrid bld
i nterce SONY ABD
Safety/securityhealthcare
Crosssector . .
activities and sociakervices for SMART &
residential Consumers 13\ ot Control(4 TITAN
Minimizing bé;g Nobel Grid

Smart energy

non-renewable consumption for people

In the first BM of this group based on the one presented [B7], an EV Aggregator (EVA) connects a set of

EV to the grid by means of a digital platform, enabling them to provide flexibility by controlling the charging
processBy pulling data directly from the EV, the EVA uses a software that helps to predict aspects such as
when EV users are more likely to charge their vehicles based on driving patterns, how quickly the number of
EV is growing in a certain area and how thathhaffect the capacity limits of power lines. By allowing their

EV to provide flexibility flosystem operators via an EVA, Consumers get access to cheaper electricity tariffs
[58]. In some cases the exchanged data is sent directly from the EV to the online platform, because some
chargers are not yet capable of sharing the necessary informgRjn

EVA can help to flatten peak loads, minimize EVs batteries degradation, reduce energy costs and decrease
carbon emissions by ensuring more vehicles charge during the hours with more production frd60RES
and less gridverload

This BM is enabled gmart meters andHEMS and can be implemented in residential buildiogdeploy
safety/security healthcareand sociakervices
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Residentiabnergy dateobtained from smart meteycan beused to check the health and wellbeingthé
inhabitants Thisinvolvesa remote and nor-intrusive load monitoringprocessthrough which theusageof
electricalappliancedqe.g.,ovens, washing machingkettles, etc) canbe recognisedThen, dgorithmscan
create a time map of routine behaviours and activitasd detect anomalous behaviour or unexpected
inactivity, informing family membersor caregiverdo potential changes in the health or wellbeing status of
less able peopléving alone,allowing them toact quicker[61].

Regarding social servicesjs suggested thagjovernments can usemart meter datarelated tolow credit
thresholds and emergency credit activationdetecthouseholdundergoing financial strugglethesedata
can be used to providaid or to improve social services such as grg6fd.

Toeffectively deploy security services, it is important that the residence is equipped with sensors and alarms
that can detect intruders or other hazardous situations such as fires, floods, dangerous,GOEXamong

other eventg[61], [62] Althoughthese safetyand security services are ndlirectly enabled by energy data

the same HEM8$stalledto adaptconsumption reduce energyosts provide flexibility, omaximize self
consumption canalsoincorporate additional devices and fucntionalities. For instance, itrdagratesmoke
detectors, water leak sensorslighting controlswhich simulate occupancyto deter intruders while
homeowners are awaywlong withcameras or motion sensofsr added secuity

Since this BM suggests the utilization @bnsumeRa Rl GF X AdG A& AYLRNIF Yy
requirements. The General Data Protection Regulation sets the principles o@twsumeR 8 R | Y dz& (
handled and usedSince netering data igreated asConsume® & LINiPchdSoNib® accessed Hyird-
partiesauthorized by theConsumeif50].

In this BM, an entity designated as Carbon Cooperative provides information to the Consumers about grid
carbon intensity, allowing the more concerned users to shift consumption to periods of higher renewable
generation, thus reducing consumption during tim@st carbon intensive levels. Joining the service is seen

as more of an ethical choice, which is not expected to be driven by financial incentives. Nonetheless, if the
Consumer is also a company, it is possibtaight sellits non-dza SR S Y A & & tb Btyeusin€sbs R A U
who are not able to keep their emissions below a certain threshold. This could also be attractive to a company
wishing to advertise their brand as environmentally frien@$].

With the growth of renewable energy, the development of grid smart gridsgaitdigitalisation, new B#
are appearing, which mostly benefit grid operator and, consequently, all grid users. The reviewed projects
and firms are provided imable3.5.
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Table3.5 - Most relevant reviewed companies and projects regarding Bkthe operation of power grids
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flexibility to entities such as DS@or constraint management) and TS@r power balancig) in a flexibility
market (flexibility can also be provided taBinceResponsibleParties (BRPshot for grid operation, but for

portfolio optimization, as described B1.6.2. Here, Aggregators play a central part, being responsible for
acquiring flexibility from Consumers, aggregating it into a portfolio, and using it to offer services and bid in

flexibility markets. The financial reward received from participating in thosdetsiis then shared with the

Consumers who provided the delivered flexibi[L]. Because aggregation is an activity that is not yet well

defined and regulated in many countrig84], and whose revenues might be scaféb], this role is
sometimes assumed by Retailers.

t

This BM enables DSO to procure and activate the necessary flexibility to prevent or mitigate constraints in

the distribution grid. Using this strategy, the DSO can expect to reduce capital and operating expenses, both

in the short and longerm [50] by pogponing grid upgrades and by avoiding the overload@hponents,

such as power transforme[86]. The DSO exchanges information and services with Consumers either directly
or through an Aggregatdb1]. In addition, it is possible that the DSO receives data from a forecaster, who
provides localized generation and consumption forecasts, which can help to predict future flexibility needs.

This role can be subcontracted to a thjpdrty, or it can be intaral to the DS@560]. TSO/DSO coordination

mechanisms can be involved in the acquisition of flexibility by these parties. The level of coordination may

depend on grid topology and can be used to validate assignments before allowing the activation of flexibility

[67].

Apart from flexibility markets, there are other mechanisms through which Consumers can provide flexibility,

such as:

1 Flexible accesand connection agreements Consumers (and Producers) can make agreements with

system operators to temporarily have their available network capacity reduced upon request by the DSO.

This change in access rights might be prompted by certain events or specified {defiored time

periods. For instance, demand can be temporarily reduced during peak demand, while generation can

be curtailed to prevent voltage issues or congestions. In return, these grid users might benefit from lower
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connection charges, a faster connection to the grid (since less upgrades are required), and/or economic
compensations when activated. This mechanism is exclusively meant for new networko0$ei&7]

1 Dynamic network tariffg Network tariffs can depend on time and location, thus being adjusted to reflect
the necessary temporal and spatial cost variations. By using dynamic network tariffs, Consumers (and
Producers) are encouraged to adjust their constiorp and/or production patterns in order to meet
network needq67].

1 Administrative prices for local flexibilityAs a replacement for the creation of a flexibility market, the
DSO, following regulatory guidelines, can define administrative prices and activate the necessary
flexibility from Consumers who previously agreegbrovide it[50]. Unlike flexible access and connection
agreements, this mechanism is usually applied toquenected Consumeif§7].

1 Mandatory provisiorg When under more extreme situations (e.g., threats to grid security) the DSO can
order the activation of the available flexibility, usually compensating Consumers for genevalimad
curtailment. Normally, this mechanism is used only as a last resort option and the resulting
compensations are quite higb0], making it even more unfavourable.

1 Obligations; Defines the mandatory an not remunerated provision of flexibj6].

In this BMthe DSCand/or TSAnake use ofhe available grid datarhe increasing availability of grid data is
a result of grids digitalizatioand includes data which might be privately owned by Consundats, from
smartmetersanddata collected by sensoat multiple levelsThis informatiorcan be used for multiple ends
including:

1 Maintaining grid assetg The acquired dta is used to evaluate the condition of grid assets, including
breakers,transformers,and cables Thus, the overcharging of thesmmponentscan be avoided
preventing failuresprolongngtheir lifetime, andreducing cost$63].

1 Increasing service quality reliabiliyBy continuously monitoring power quality, it is possibl@tint out
abnormal grid power levels more efficientlthus reducing the response time to these issussd
minimizingfailures and maintenance cosésd increasing reliability for the Consumefs a result, his
usage of grid dataan help operators teaut on the penalties they must pay due to a lack of quality and
reliability [63].

1 Managing incidents and blackouts Grid data can be used to monitor inciderts the network
infrastructure and manage them using an efficient and tiregponsive approachpossibly avoiding
bigger issuege.qg.,full, or partial power outages)As a result, ie grid operatorcan make a better
planning of the resources required for maintenance tasks, reduce maintenance caistiseatime of
response to incidents. Moreover, historical incident data can be used toidentify recurring
incidents/failures and providsolutions to prevent thenin the future[63].
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BMsfor the supply of energy to Consumers are also evolving, Stibplies hawng more active rols, which
can benefit Consumers, as seen next. The reviewed initiatives asamBNjiven infable3.6.

Table3.6 - Most relevant reviewed companies and projects regarding Bkthe supply of energy to Consumers

Traditional retailing model @edp elre(l:éﬂ 5
Supply ofnergy to
Consumers . . ‘
Retailers managing 'Lp-[’eqrid O

/| 2y adzy SN&E Q

The traditional retailing BM is the most widespraaddelwithin this secto68]. Due to thdiberalization of
the retail market, Retailers are able to profit from purchasing electricity fRyoduces and supplying it to
Consumer$69], while being free tomaketheir own commercial offers.

Ina more innovativeBM, a Retailerwho isalsoBRP use§ K S A NJfl&ibility $ox/itd Gweeconomic benefit.
This can be implementethrough Building Management Systems (BM8Yl allowsRetailersto exploit
DemandResponse in two separate waye: reduce imbalance costs oto participate in ancillary services
markets, following different strategies to achieve these g¢a0%:

T

Internal portfolio balancing, Retailers handle energy imbalances by trading in the intraday markets or
otherwise theysuffereconomic penalties. With thepreadof aggregation and technologies such as BMS,
Retailers camsetheir Consumet Q ¥ t S Bekted dofply(nih thieie committed scheduleseduce
imbalancesand avoid penaltiefs0].

Flexibility to perform price arbitrage Retailers may also use this flexibility to perform price arbitrage
between dayahead and intraday energy markets. For instance, in a situation where prices are higher in
the dayahead market than in the intraday marketaiRetailer can forecast this differentiat,can buy

less energy in the daghead and buy the remaining in the intraday, using flexibility as a tool to limit
financial lossefb0].

Providing flexibility tahe TSQ If allowed by the regulation, Retailers may aggregate the flexibility from
multiple Consumerso provide balancing services to the TBO].

Nowadays, and according to the European LegislaifB® and CECwe entitled to[70]:

1 Producing, consumingstoring, and selling renewable energy, including though renewable Power

Purchase Agreements.
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1 Sharing, within thé&energy Communityg5G, renewable energy that is generated in own units.
1 Accessing all suitable energy markets, both directly and thraumgkggregator.

Areview of the regulation on ECs can be found in a1}

For those reasonspse Consumers might have the opportunity and the motivation to form or join an EC,
such as a REC or a CHt reviewed companies and projects and their mairsBi grouped inrable3.7.

Table3.7 - Most relevant reviewed companies and projects regarding BVECs

Energy cooperatives UTEGqud RESccoP.EU

Energy Community flexibility
Communities aggregation

*s

FLEX

moloicoop

La mobilité partagée

E-mobility cooperatives

So far, in EuropananyEG are organized as energy cooperativ@bey are initiatives led by citizens where
Consumes join to raise the necessary funds for ownipgneration systemsbeingcentred on open and
voluntary membership rule§.hey can be created tfoenefit specific communitiethrough selfconsumption
and sale of generation surplusegth profits beinginvested in the EGut they can also bereated with the
purpose of providingheaperenergy from RES to its membgr2].

The advantages for Consumers wjbin these cooperativemcludereduced electricity bills, a decrease of
emissionshigher energetic independence, reduced network connection fees, and remunerd¢ioved
from generation surpluseg0].

A more complex BMoresees the provision of flexibility grid operators through an Aggregatdtexibility
markets are not accessible to small Consum8ust,the manager of arfeG while acting asan Aggregator,
canpool the available flexibility from multiple Consumeashieve the requiredrolumeto make offers in

those marketsand thus enalbe the participationof smallConsumerdlexibility markets For that,the EC
Manager and the Consumers sign bilateral contracts where they commit to changing consumption patterns
to deliver fixed amounts of flexibility, and, in retudpenefit from reducedelectricity bills. The failure to
deliver flexibility can resulin penalties for Consumeif32]. The EC Manager/Aggregator can also provide
resources (sensors, smart meters, HEMS) and monitoring afS ddemberto help them in delivering the
contracted flexibility[73].

Besides the advantages previoudstailedin O, this BM enhances financial benefits to Consumers, who are
reward for providing flexibility70]. Moreover, therequired sensors, HEMS and smart meters might help
Consumers to access thalueadded crossector opportunities described $11.4.2
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Cooperatives based onrgobility are suitable for communities where many citizens haveTliese vehicles,
besides helping to maximize localfconsumption,can be exploited to provide flexibilifyia Aggregators,
usingV2G and G2Yechnologiesyand to reduce bills by charging during-p&ak periodsAdditionalsocial
benefit can becreated by engaging participants to provide community public transportationsitaing or
carpooling service[72].

3.2. Role model and lcaracterization of BeFlexibl8usiness Models

From the literature and commercial proposa#salysed previously, it was concluded BBIcan be

characterized by:

1.

Properly identifying the role model with all the relevant rolesolved in the BM related to the

flexibility provision, including crossector activities that can provide added value

Identifying actors, and associating roles to actors. Indeed, the roles thesattopt definethe BM,

as the description of the main Birovided in this section show.

3.2.1.Energy and Crossector Flexibility Centric Role Model

As a result of theabove revision, and the flexibilityCidentification described in sectio#.1, Figure3.1
shows the complete role model identifiadth the main activities among roles

etering |

data

Metering

data

Service
Financing Meter Data . payment Billin
. Data Provider 8
Entity Collector Agent
Payment Metering Monthly Flexibility
conditions data Energy supply energy payment
and loans bill
Energy prices —_—
Resource or ! —
DER rent payment]
'd Flexdbility Flexibility BRP
Provider - ~, _ Payment delivery
~ —
Flexibility delivery
Resource Resource Delivel
payment | Flex
Resource Delivery ) enification Fexibikty
Resource recycling ¥ Flex bid ’
Manufacturer $29 trading DER activation Res. Agg. / payment Dso
Manager EC Manager | Flexibility payment
\ Services ~—
Assets Software Bid Flex Flexibility
performance Service paymen| services activation verification request c m:a’;zza
feedback
— Data \Z _ Metering )
ESCO | services data Payment 50
J \ \_ _4)
TRIE Grid data

payment

Service

Data
payment

DEP Operator

\

Data

sco

3 ayment
Data oy

Software

Payment

Software|
services

3
inout{ 1CT/SW/DP

Provider

Payment|

Payment Enorgy

Flexibility

Money
———— Data/information
———s Asseliservice

Figure3.1 ¢ The Role Model of the flexibilC

The proposed Role Model includes a total 20 participants. It contains the necessary roles to support all the
main activities envisioned for the Flexibilitgntric and CrosSectorVG including flexibility capacitation,
integration/enablement and aggregation of flexible resources, and participation in flexibility markets
described laterin section4.1 This work was alspresented and published at th2023 19th International
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Conference on the European Energy Market (EEMhe LI LIJ&mdlysis of Flexibilitgentric Energy and
Crosssector Business Model§74].

The focus of the envisioned Role Model is on Consumers and Prosumers. They receive flegiterDe&ER

DER Provider, who acquire them from a Manufacturer. A Financing Entity can help the Consumers/Prosumers
to buy these resources. Service Companies and Energy Service Companies can sell their services to the
Consumers/Prosumers and a DER Managerccantrol their DER A Resource Aggregator, or an Energy
Community Manager (besides supervising an EC), can facilitate the participation of Consumers/Prosumers in
Flexibility Markets, operated by a Flexibility Market Operator, where flexibility can poligriigsupplied to

DSQ@, TSGand BRR There are other roles, such as Meter Data Collector and Data Provider who will supply
energy data to Energy Suppliers to bill Consumers/Prosumers via a Billing Agdrt a Resource
Aggregator to verify the delivery of flexibility. There is also the DEP Operator who can exchange energy and
non-energy data, and an ICT/SW/DP Provider who offers IT services (e.g., technical platforms, algorithms) to
several of these playsr

Most ofthe roles incorporated in thproposedRole Model are included in the Harmonised Electricity Market
Role Model (HEMRMJ5]. Howeversince this role model focus on energy activitiesy roles were needed

to fill the existing gapsiamelythoserelated to financing, asset provision and the cresstoractivities that

will later be included in the proposedC This resultedh a rolemodel that can be applied to activities beyond
the energy sectobut related to and providing added value to the flexibility provision as the main actility
the roles encompassed in the BeFlexible Role Model are descrifedbie3.8 where it is signalled whether
they are already included in HEMRM or proposed by the authors (BeFlexible RM).

Table3.8 ¢ Description of the roles included in the BeFlexible Role Model

A party in charge of its imbalances, that is, the difference between the energy vc

BRP injected to or withdrawn from the system and the final nominated energy volu HEMRM
including everymbalance adjustment within a certain imbalance settlement peric
Billing Agent = The Billing Agent is responsible for invoicing a concerned party. HEMRM
Consumer A party connected to the grid which purchases and consumes electricity. HEMRM
DEROperator Owns and operates a communication system to transfer data. HEMRM
Data Provider Has a mandate to provide data to other parties HEMRM
DER Manage! Responsible for controlling DER BeFRI(;/I)que
_ Responsible for installing and/onaintaining assets related with distributed eneri BeFlexible
DER Provider equipment (e.g., batteries, PV panels, smart devices), which are provided or s RM

other market agents.
Responsible for the security of supply and reliability of the distribution network.
that, it continuously monitors the grid to detect potential issues and, whene

DSO necessary, it uses multiple resources to solve such problems, including ne HEMRM
reconfiguration and/or requesting assistance from market operators or directly fi
contracted customers.

EC Manager Responsible for managing business activities within an Energy Community. BeFRI(EAmee
Energy Offers energy related services but is not directly active in the ené@ilight provide HEMRM

: insights and energy management services, as well as implementation of e
Service (adapted)

efficiency and renewable energy projects.
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Supplies or takes electricity from a party connected to the grid HEMRM

A party in a financing arrangement who provides money, property, or other asse BeFlexible
a certain financed entity. RM

A neutral party that transparently provides a service between buyers and selle

facilitate the communication and coordination of all processes related to
procurement of capacity and/or energy bids, i.e., grid or asset registration o HEMRM
marketplace, matching of bids, validation (through market monitoring) a
settlement.

BeFlexible
RM

BeFlexible
RM

Supports other entities with ICT, software, or DP.
Manufactures specific products, which are later supplied to other market agents

Responsible for meter reading and quality control of the reading. HEMRM

A Consumer who can also produce electricity, joining the roles of Consume
Producer under one role. In BeFlexible it is also assumed tRetsumeralso adopts
an active role in the energy chain, by, for example, be willing to jointsaelsumption
structures or provide flexibility.

HEMRM

Aggregates (i.e., collects and combines) multiple resources for usage by a ¢

provider for energy market services. HEMRM

A party that offers norenergy relatedservices, generating revenue by servi BeFlexible
provision instead of selling products. Can provide cgesdor services. RM

Responsible for security of supply and reliability of a transmission network, real

operation and monitoring, building, expanding, and maintaining the system. HEMRM

The rest ofthis sectionformalizes andsummarizeshe BMs identified by describing thenwith their BM
Canvas (BMC), describitite roles and actors involvedndevaluatinggualitativelytheir main characteristics
in terms ofcomplexity risk,and value

1 Canplexity was assessed based time number of roles associated withe BMs and the technology

necessary for its implementationComplexity can also be seen graphically whamalysing the

particularization of the general role model Bigure3.1 to each of the Biddescribed.

1 Riskwas assessed baseaxh potential regulatory concerns and thexpectedcost of the BMfor the

Consumers

1 Finally,Valuewas assessed based tive economic and noeconomic value createtb all participants

Themanner under whicleach parameter is assessed is presented able3.9.
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Parameters

Number of roles

Complexity

Necessary tech

Regulatory
concerns

Costs
(consumers)

Economic value

Non-economic
value
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Table3.9 - BM evaluation methodology

Level
1¢4 5¢8 9¢12 13¢ 16 +17
BM does nol{BM should no . | BM require§ BM requireg
. . BM requires severg
require any newrequire many new . complex complex and ney
. new technologies .
technology technologies technologies technology
Severe challenge
Little to no concems (BM seems Some concerns (BM mgstly fits in  (BM does no
. : current regulation, but with some gajf seem compatible
appropriate for currentegulation ;
and issues) for the
regulation)
High costs (e.g
None or very little additional costs Moderate costs (e.g..ent paymen} | onetime
paymen)
Limited economic value to justfew of| Creates economic value to most of {f High  economi

the intervening roles

intervening roles

value to all roles

Limited noreconomic value to just a fe
of the intervening roles

Additional noreconomic value to mog
of theintervening roles

Large amount 0
non-economic
value to all roles

Regarding the BM@ consists ofatemplate used to describe the main dimensionsadBM (see eliverable
D2.1[76] for an indepth introduction to BM and associated tools)t includesnine building blocksshown
and describedn Table3.10, which are organised as follows

1

value isbeingcreatedby a business activity

generated.

valueisdelivered and capturef72].

The four blocks on the left of the BMC (key actors, key activitiegekeyircesand costs) focus on how
The value proposition blogKocated in the centre of thé8MCdraw attention to the value being

Thelastfour blocksd  OG 2 NBEQ NBf F A2y aKALEZ OKI yofBriudicatenOndza G 2 Y ¢
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Table3.10 ¢ BMCstructureand building blocks

Key activities:

Value proposition:

1 O 2NBRQ NIX

Customers segment:

Actors such apartners and
suppliers providing inputs
essential for the operatio
of the BM
equipment,
serviced63].

Essential and most critic|
tasks to be performeb63].

The most important input;
required[63].

The value being delivered
customerq77].

The set of productsand

including ) .
I Key resources: ‘ services presented their

main properties, the need
that they meet and thei
worth [63].

The type of relationshi
established between th
actorsof each BM77].

Describes  how the
interaction with customers
is made[63], [78]

Includes the people an|
organizations for whicl
value is createi78].

For instance, it can be
niche market, such a§ O
friendly consumers, or

ONRFRSNI 2y S3
voltage households an

Can  include  humar businesse$53].

physical, intellectual, an
financial resourcef63].

Defines how the value
propositions are delivered
[63], [78]

Revenues:

The most important costs inherent to the BVI7]. The most relevant sources of revenrd].

Can include fixed and variable coftg].

BML1 resembleghe traditionalelectricitycommercializatiormodel, which wasoostedby the liberalisation

of energy marketand is nowthe predominantmodelwithin the sector[68]. In the liberalized retail market,
Retailers profitfrom sellingelectricityto the Gonsumershought from the Producers in the wholesale market
[69], being free toset up theirown commercial offersn those countries where the retail market has been
liberalized Traditionally,electricity comes from largecale power plants, ofteman with nonrenewable
energysources[68]. More recently, green energy can also be sold to @esumers,ensuringthat the
electridty sold by theRetailer was bought from renewable power plants, ag718], [80] However, as it
stands, m this BMGonsumers do not provide flexibility to the grid.

In this traditional model, the relationshigf the Consumeswith their Retailes remainstypicallydistant. This
generates instabilityn the Consumes side sincehe added value offeredby the Retaileris blurred and
Consumes tend tothink only of the highest biddeheingcommon to switch to companies that offer more
transparencyother typesof relationshigs,or benefitsas simple as clearer and more understandable Bliis
distant relationship has alswaditionally generated dack of trust and transparenayn the Retailes. This
has also le€Consumesto a)producetheir own energy taeduce the depedence on the traditionaRetailes;

b) organise in energy communitiesd c) joining energy cooperatives and other type of social organisation
where values such as justice, transparetiaynessand social wellbeing are the basisdifferentand closer
types of relationshifs.

The Retailer takes the roles of Energy Supplier and Billing AgbatDSO, as it issuallythe case in the EU,
takes theroles of Meter Data Collectoand Data ProvidgB1] and the Consumer simply consunaasd pays
for the consumed energyTherelation between actors and rolefor BML is given inTable3.11, while the
interactions between roles are providedHigure3.2 from the general role model iRigure3.1.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesseatlyhase of the
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Table3.11 - Match between actors and roles in BM1

Actor Roles

. Energy Supplier
Retailer Billing Agent
Consumer Consumer

Meter Data Collector
DSO Data Provider

Metering

d." Service
Meter Data " Data Provid data payment Billing
Collector . rovider Agent

Metering Monthly
data [Energy supply energy
T bill

Energy prices

Flexibility
~, _ Payment

Energy
Flexibility
————= Money
== Datafinformation
———— Asset/service

Figure3.2 ¢ TheRole Modehdapted toBM1

ThisBM is evaluated according to the proposed BM evaluation methodolagg theresults are given in
Table3.12. As can be seeBM1 has a lovGomplexitydue to the smalhumberof rolesinvolvedandbecause
no new technologies are needed for its implementation. Rskis also perceived as low becaubkere are
no regulatory concerns (the BM is widely disseminatatt) thee are no newcosts for Consumes, as they
only pay for the energy they consume and other associated té&kaseverthe Value that is created isather
small especiallynon-economic value

Table3.12 ¢ BM1 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic
roles tech concerns (consumers) value value

Parameters Average

Complexity

Risk

Value
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The BMC of BM1 is givenTiable3.13.

Table3.13- BMC of BM1

- Retailer - Supplying electricq - Safe mature,and - Usuallylong term - All types of Consume
- Consumers energy to Consumers| widelyusedBM between Retailer and | (residential,
-DSO - Billing Consumers - Predictability a Consumer commercialand

- Managing Energ| (consumers can industrial)

foresee how much
they will be billed)

- Convenient (relatively
hassle free to
Consumers)

Meters readings

- Billing service
- Energy Meters

-wSGlF At SNDA
desks

- Virtual channels (web
sites, mobile apps
SYFLAtz SGO

- Consumergpay for the electricaénergy they consumeyrid
tariffs, and taxes

- Retailers profit from selling electrical energy to Consumerg

The main objective dBM2 isto equip regulaiConsumers with flexible assets.

Some of the most common ways to facilitdfensumes acquire new flexible resources amn one side, the
request for either government or public subsidies, to pay the wholpart of theinvestmenton the new
equipment or, on the other sideto rent the equipmentfrom the Retaileror an ESCéor a specifigeriod
and for a specific amount of money (as in BM3). Somethirmphsiderregarding the economic constraints
of Consumes when acquiring new equipment is that, forost Consumes, the investment isstill high, the
information regarding what to install and how is still blurreshd the way to operate their resources to
maximise their benefit is stibnly for a small target ofConsumes able to adopt thesetechnologesfaster
than the rest. In order to mitigate thigccess to publisubsidieshould be easiethe information on what
the Consumes shouldnstall shouldoe much morepersonalised and the operation tfe flexible resources
whichincludesthe data they interact withshould make them feel secuand allowwith some controlon
the resources and the feeling thtitey are receivindpackthe value they seel&or that reason, in many cases
an external entity DER Managgris required to provide thessets controlling service and consequently
guarantee a better use d@he resourcesand time and work saving to tH@onsumes.

Here, Consumes buy assets such as D&&d/or smart devices from a DER Provider, who acquires them
from a Manufacturer. A Financing Entity cpportthe Consumewith the necessary funds tcquire those
assets For that purposgethere aremultiple financing schemes availabj@2]. Again similarly to BM1the
Retailer supplies energy and bills the Consumers, with the DSO acting as Meter Data Guoigdata
Provider

At this point, Consumersan manage their assetsn their own or contract an ESCwho takesthe DER
Manager role and canhelp them based on its expertise. The ESCo aféer services such as asset
maintenance and energy optimizatiohelping Consumers to benefit from their implicit flexibilif§3] by
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adjustingtheir behaviouraccordingto price signals. A SW Compaagting as ICT/SW/DP Providean also
sell its services to the ES®ackingthem with data management and data processing t¢84g. At the end
of their lifespan assets returned to the Manufacturean berecycled enabling other BIg[15] according to
the principles ofcircular economy85] such as secontife BESSThe correspondence betweertctars and
rolesfor BM2is given inTable3.14 and the interaction between them are picturedkigure3.3.

Table3.14 - Match between actors and roles in BM2

Actor Roles

Manufacturer Manufacturer
ESCo
ESCo DEP Operator

DER Manager
DER Provider DER Provider
Financing Entity | Financing Entity
Energy Supplier

Retailer Billing Agent

Consumer
Consumer

Prosumer

Meter Data Collector
DSO

Data Provider
SW Company ICT/SW/DP Provider

letering Metering

d d Service
Financing Meter Data ta i ok payment Billing
. Data Provider
Entity Collector Agent

Payment Metering —
conditions data Energy supply Mot
and loans o
Energy prices
Resource or
DER rent payment]
Provider Flexibility
~ ( ~\ payment
Resource Resource Delive

payment | | Resource Delivery

Resource recycling ' g
P2P trading

DER
Manager

Manufacturer

Services

—
Assets
performance

feedback
—

Service paymen)

Metering
data

ESCO

Software services
Software i
T DEP Operator
payment
inputy ICT/SW/DP
Provider Energy

Flexibility

Money
—— Datafinformation
———— Asselservice

Payment

Payment

Figure3.3 - The Role Model adapted to BM2

From theBM2 evaluationprovided inTable3.15, it can be concluded th&M2has amoderate complexity
involving13 roles but not requiringnany technologieghat are notalready widelyavailable Risk is also
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moderate and here areno regulatory concerndHoweverthe cost forConsumes, who purchase assets by
their own initiative,is high. According to thisnethodology, he value createdby BM2 may below.

Table3.15¢ BM2 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic

Parameters
roles tech concerns (consumers) value value

Average

Complexity

Risk

Value

The BMC of BM2 is givenTiable3.15.

Table3.16 - BMC of BM2

Key actors: Key activities: Value proposition: ‘ I Ol 2 NB Q NZXCustomers segment:
- Manufacturer - Running campaigns {- Shift demand patterng - Transactional - All types of Consumer
- ESCo sell assets 1 L between DER - But more appropriate
. - Reduce electricity billg ( . . .pp P

- DERProvider Consumers Providers and to residential and
- Consumer - Presenting  financin| - Boost renewable Consumers) smallsized

options for asse| production - Automated services commercial or

acquisition to . and personal industrialConsumers

- Environmental )
Consumers . assistance (from ESC
protection
- Asset O&M (offered b to Consumers)
ESCo)

- Assets recycling

Key resources: | Channels:

- DER (PV panels, BES - Physical and/or online
9+ / KI NHAY stores

- HEMS, Smart devices - Virtual channels (web
(HVAC, heat pumps, sites, mobile apps,
gl §SNJ KSI @ SYriatsz SaGgQ

Revenues:

- Consumers pay tthe DER Provider for the asset they acqu| - Financial return to DER Provider from asset sale

- Consumers pay to the ESCo for the provided services - Financial return to ESCo froservice provision

- Consumers pay for the electrical energy they consume, gri - Retailers profit from selling electrical energy to Consumers
tariffs, and taxes

In this BM, aRetailer equip Consumers with assetssing anEaaSapproach with the assets being rented
instead of sold26].

As explained in BM2he constraintsConsumes experience when acquiring new resources should be
mitigatedto incentivize their participation in the energy busine¥g¢hena Retailer rens the equipment to
the Consumes> (i K S factoil flaysSagkey role in the relationship among thefor thisreason Retailers
should be capable of maintaining the exchange of value throughout the tim€dmsumeiris rentingthe

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them

50



D1.2¢ Framework for a flexibilitgentric energy
and crosssector value chain, Business Use C:
and KPlIs definition

Dissemination levePU

equipment. For this, transparency and communication are fundamental pillafsirtthier developfor this

type of BM. Something that also happens in this typdBM is that, by establishing a losigrm relationship

with Consumes, it is possible tmffer additionalservices and produci$ the Consumes are satisfied with

their relationship with the RetailefTherefore,Retailers should makadditionalefforts in getting to know

their Consumes energetic behaviour and offer more value over tinagth additional services and
products Also, this BM can contribute to minimise the high initial investmenPi@sumes in buying the
resources and accessories. The investment will be integrally paid during the contract length by a monthly or
yearly rent paymentvhile the Prosumersaves money by selconsuming its own productioand even gain

an extra revenue by providing flexibility.

As a result, in this BM the Retailer typically assumes many. iddgsn,it acts as Energy Supplier and Billing
Agent, but also as Financing Entity and DER Progjdetingthe assetsn exchange of a regular fee. It can

also act as ESCo, DER Manager#t@ Operatoicontrolling maintaining, and repairinthe DER installed

Fd GKS [/ 2y adzySNRa colds@ddagaslngel 03 avBRi( 2yt SINNSKF & O2 y i NP
assets, it can also profit from threflexibility for its own benefit Forinstance, the Retailer can use the
available flexibility taeduce energy imbalancgS0], by offeringan energy discount oan explicit flexibility

payment to theirConsumersThe match between actors and roles and their respective interactions are given

in Table3.17 and Figure3.4, correspondingly.

Table3.17 - Match between actors and roles in BM3

Manufacturer Manufacturer
Financing Entity
Energy Supplier
Billing Agent

DER Provider

ESCo

DEP Operator

DER Manager

BRP

Consumer
Prosumer

Meter Data Collector
DataProvider

SW Company ICT/SW/DP Provider

Retailer

Consumer

DSO
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Figure3.4 - The Role Model adapted to BM

Table3.18 summarizes the results of thessessmenbf BM3.BM3 has anoderate Complexity and Risk
There are no apparent regulatory issues adde to theEaaSature of this BMthe cost forConsumes is
small. However,he value islsolow.

Table3.18 ¢ BM3 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic
roles tech concerns (consumers) value value

Parameters Average

Complexity

Risk

Value

The BMC of BM3 is giveTable3.19.
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Key actors:

Key activities:

Table3.19- BMC of BM3

Value proposition:
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1 O 2NBRQ NIX

Customers segment:

Key resources: |

- DER (PV panels, BES

- Consumer is not
responsible for
maintenance

- Boost renewable

- Manufacturer - Running campaigns 1{- Shift consumption - Usually long term, for | - All types of Consumer

- Retailer draw Consumers in patterns the duration of the - But, just as before,

- DSO - Presenting the - Reduce electricity bill§ contract between more appropriate to

- Consumer advantages oEaaS |- Lower upfront costs Retailer and the residential and small
- Asset O&M and lower risks Consumers receiving | sized commercial or

EaaS

- Physicalnd/or online

industrial Consumers

9+ / KI NHAY ducti stores
- HEMS, Smart devices Ero _uc on tal - Virtual channels (web
(HVAC, heat pumps, | nwror_’nmen a sites, mobile apps,
61 GSNJ K& §| Proection SYFAtz $G0
- Retailers cameduce
- Smart meters )
imbalances

Revenues:

- Recurring payments from Consumer to Retailer, resulting { - Retailer profits from selling electrical energyGonsumers
the EaaS - Retailerreceives a recurring payment froBaaS

- Consumers pay for the electrical energy they consume, gri - Retailers acting as BRP can reduce expenses from imbalg
tariffs, and taxes

In BM4, the RetailerassistsConsumerswilling to purchase DESby offeringthem beneficialconditions to

acquire tloseassetsThe Retailer acts @BER Provider and Financing Entitpwever differently fromBM3,

the Retailer does not own the D§Rvhich belong to the Consumer. The Consumer contralselassets or

can contract an ESCo to do similarly to BM2 Moreover, Consumergho own flexible assets can join a
Resource Aggregator arglipply their flexibility to other entities, as describatext in BVb. The role of
Resource Aggregator can be taken up by the Retailer or by a specific actor called Aggregator. Since
aggegation isstill a role notproperly regulated in many countrie64] and whose revenues may be low if
coming only from the value the flexibility buyers may be willing to[p&y, Retailers often assume this role.

With the relationship already created with the provision of electricityRefailer the Prosumercan benefit
from discounts or special campaigfts the acquisition of resources, which can contribute to a stronger
relationship between Retailerand Prosumer This relatioship can result in a wiwin situation, withthe
Retailerwinning from flex provision by th€onsumer possiblyassuming theAggregatorrole, and the
Prosumemenefiting with lower initial investments.

The correspondence between actors and roles and tinéraction areshown inTable3.20 and Figure3.5.

Table3.20 - Match between actors and roles in BM

Actor Roles

Manufacturer Manufacturer
ESCo

ESCo DEP Operator
DER Manager
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Financing Entity
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DER Provider

Resource Aggregator

Aggregator

Consumer
Consumer

Prosumer

Meter Data Collector
DSO

Data Provider
SW Company ICT/SWI/DP Provider
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Figure3.5 - The Role Model adapted to BM4

The evaluation of BM4 is summarizedTiable3.21. The Complexityof BM4 ishighand the Risland Value
are bothmoderate

Table3.21 ¢ BM4 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic
roles tech concerns (consumers) value value

Parameters Average

Complexity

Risk

Value

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them

54



: D1.2¢ Framework for a flexibilitgentric energy
F L - X I B L — and crosssector value chain, Business Use C:
- — and KPlIs definition

Dissemination levePU

Table3.22- BMC of BM4

Key actors: Key activities: Value proposition: | Ol 2 N& Q NI\ Customers segment:

- Manufacturer - Retailer running - Shift demand patterng - Usually short term - All types of Consumer

- ESCo campaigns to  se|- Reduce electricity bill§ between Retailers ang - But, just as before,

- Retailer assets to their set d- Boost renewable the Consumers (one | more appropriate to

- Aggregator Consumers production time purchase) residential and small

- Consumer - Offering beneficia - Environmental sized commercial or
financing options tq protection industrial Consumers

their Consumers

Key resources: | Channels:

- DER (PV panels, BES - Physical and/or online
- HEMS, Smart devices - Virtual channels (web
(HVAC, heat pumps, sites, mobile apps,
gl USNJ KSI 0 SYILAfs S$G0
Revenues:
- Assets purchasiom the Retailer - Retailer receivea monthly payment for the electrical supply
- Consumers pay to the ESCo for firevided services and unique payment for the asset acquisition

- Some Gnsumers pay membership fee to Aggregator
- Consumers pay for the electrical energy they consume, gr
tariffs, and taxes

BMS5 is available for Consumer who decidgdim a Resource Aggregatokfter doing sothey can provide
flexibility to grid operators or BRRia a flexibility markef86], which ismanaged by al&xibility Market
Operator (FMO)[75]. Thisis aBM which is mainly focused on the flexibility value, in terms of what the
flexibility procurers may be willing to pay, either to solve guaehstraints(in case of the system operatgrs
or expected imbalance@n case of BRI, and the benef that flexibility provisionmight provide to the
Consumers.

Energy as a concept is somethidgnsumes understand as a way to gain or receive benefits. As explained
in the Consumeresearch held in BeFlexible for the Value Propositions and Engagement S(eategpssed

in WP2- Market actors value propositionengagementand legal & ethics complianeghe economic side

of flexibility services is key for users to perceive value in exchange for their participabwever, if the
economic signal is not enougbwarding Consumes perceive injustice andaneven prefer to sharét for
0ST2NB & 3IADAWadisorsdl adiias thénetShormidN@tUREis neignificant and thereforanfair.
GenerallyConsumesthat participate in flexibility services are technologically advanced and understand how
energy worksso theyfully understand how their energy is being bought, sold and resold in exchange for the
value of their effort.

Sncethe valueof flexibilitymay be low compared to the initial investments and complexities assowitte
its provision, BM6 intends to complement BMy increasing the Consumers value with additional revenue
streams or services.

The link and interactions among actors and roles are illustratdaline3.23 and Figure3.6.

Table3.23 - Match between actors and roles in BM5
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Actor Roles

Manufacturer Manufacturer
ESCo
ESCo DEP Operator

DER Manager
DER Provider DER Provider
Financing Entity | Financing Entity
Energy Supplier

) Billing Agent
Retailer BRP
Resource Aggregator
Aggregator
Consumer
Consumer
Prosumer
Meter Data Collector
DSO Data Provider
DSO
FMO FMO
SW Company ICT/SW/DP Provider
TSO TSO
‘Mebedring [ Metering Service
Financing Meter Data ata B dota payment Billing
Entity I [ Collector |Data va'der’ Agent
>
Payment Metering. Monthly Flexibility
conditions data Energy supply energy payment
and loans bill
Energy prices
Resource or { —\
DER rent payment] -
L Provider l pe :{::‘nﬂ:tv F:ng BRP
Flexibility delivery
Resource I Resource Delivery —
= er[ Resource Df“;:gum recycling g | Control Flex bid - Flexibility EEEEE——
Manufacturer P2P trading | grders | M;i:e’ payment DO
\ \
=1 on _on] | ot e
feedback Data
’_ k Metering )
ESCO | data TS0
N Software Yerid data I A e/
D DEP Operator Software
payment services
Payment

-
Input{ ICT/SW/DP
Provider Payment Energy

Y Flexibility
———— Money
———— Datalfinformation
— Assetiservice

Payment]

Figure3.6 - The Role Model adapted to BM5

In BM5 whose evaluation results are providedTiable3.24, Complexityisvery high due to thelargenumber

of roles and required technologie®isk is highmainly due to regulatory concerns, such as the ones
surrounding flexibility marketand aggregatiorHowever.economic value is also very high for all participants
and the nonreconomic value is moderate,dding to a high value.
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Table3.24 ¢ BM5 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic

Parameters
roles tech concerns (consumers) value value

Average

Complexity

Risk

Value

The BMC of BM5 is givenTiable3.25.

Table3.25- BMC of BM5

Key actors:
- Consumer - Aggregation o] - Shift demand patterns - Can potentially be lon( - All types of Consumer
- Aggregator Consumers - Prevent or alleviate term between one (residential,
- DSO - Trading flexibility in § grid constraints Aggregator and a set| commercial and
- FMO market - Reduce or postpone | of Consumers industrial)
- SW Company - Operation of the grid investments
Flexibility market - Reduce operational
- TSO/DSO coordinatio| costs

Key resources: | - Reduce energy losseg SFETTEE

- DER (PV panels, BEY~ Reduce curtailment | Digital platforms

9+ / KI NHAY ;on;pens?tlon_s_ bill - Aggregation platform
- HEMS, Smart devices Be utce € ectrlk:‘ilty . Flexibility Market
(HVAC, heat pumps, |~ C00St renewable platform

61 GSNI K| g| Production
- Environmental

protection

Costs: Revenues:

- Consumers pay for the acquired assets - Financial revenue to the Aggregator and Consumers from

- Consumers pay membership @ Aggregator flexibility provision

- Consumers pay for the electrical energy they consume, gr
tariffs, and taxes

- Consumers pay to the ESCo for the provided services

- DSOpurchassa flexibility

BM6 is appropriate fo€Consumers owing houses equipped withsmart meters sensors, smarappliances,
and flexibleassets asthey can alsdenefitfrom crosssector services provided by SCo

These crossector services can be related to healthcare of vulnerable people and security by using smart

meter data to generate alarm signals associated to abnormal changes in the load péafilédthough they
are not directly linked to the flexibility provision, they result from or complement it, by profiting from the

flexible potential and participation of the Consumers in flexibility services. EV charging can become smart or

even respond to @éxibility solicitations by adapting its charging profB&], health or surveillance services

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
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can be built on top of the energy dad2] and data can be sold to third partif®8], such as SW companies,
to allow them to improve forecasting toolS0], DER control and aggregation algorithi®g].

Consideringthe learnings from WP2, we know that the most digitised and technologically advanced
Consumes are willing to plug and play with their resources. But for this connection and aggregation of their
resources being of value to potential users, the transversality of the d&dadamental sinceisers need to

see them grouped together and understand them properly to continue optimising their resources and
acquiring new onesiVhen moving beyond energy itself, the demand of control from users is Kagititate

the provision of energy or new resources. For that purpose, HEMS can be very useful to integrate the
different services.

The correspondence between actors and roles for BM2 is giv&ahie3.26 and the interaction between
them are pictured irFigure3.7.

Table3.26 - Match between actors and roles in BM6

Manufacturer Manufacturer
ESCo
ESCo DEROperator

DER Manager

DER Provider

DER Provider

Financing Entity

Financing Entity

Energy Supplier

Billing Agent
Retailer BRP

Resource Aggregator
Aggregator

Consumer
Consumer

Prosumer

Meter Data Collector
DSO Data Provider

DSO
FMO FMO
SWCompany ICT/SWI/DP Provider
SCo SCo
TSO TSO
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Figure3.7 - The Role Model adapted to BM6

The evaluation of BM6 is summarizediimble3.27. Complexityseemsvery high, including almost the of the
roles listed. As in BM5, Rigkso seemdiigh due to regulatory concerns regarding flexibility markets and
Aggregatos. Nevertheless, economic and reoonomic valueare alsovery high, resulting in a vetyigh
value for all participants, making BM6 the most valuable of alktingsionedBMs.

Table3.27 ¢ BM6 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic

Parameters
roles tech concerns (consumers) value value

Average

Complexity

Risk

Value

The BMC of BM6 is givenTiable3.28.
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Table3.28 - BMC of BM6

I Ol 2 NBE Q NZXCustomers segment:

Key actors: Key activities:

Valueproposition:

Key resources: |

- Smart meters
- HEMS and Smart
Devices

- Welltbeingand home
care

- Virtual channels (web
sites, mobile apps,
SYratsz Sa&gQ

- ESCo - Offering and providing - Safety and security |- Usually long term, for | - All types of Consumer

- Consumer crosssector  service| (alarms, intruder the duration of the - But, just as before,

- SCo (wellbeing, safety| alerts,smoke,and contract between the | more appropriate to
home care an¢ flood detection Consumers and the residential and small
security) systems) SCo sized commercial or

industrial Consumers

- Sensor, alarms,
cameras

Costs: Revenues:

- Consumers pay for the acquired assets - Financial revenuto the Aggregator and Consumdrem

- Consumers pagnembership fees to Aggregator flexibility provision

- Consumers pay for the electrical energy they consume, gri - Financial revenue to the SCo (monthly payments for exam
tariffs, and taxes

- Consumers pay to the ESCo and SCo for the provided ser|

- DSO purchases flexibility

In BM7Consumers can decide to join an.EGr a Consumer, entering an EC brings several advantages as
benefiting from cheaper electricity, selling generation surplus, reducing grid dependence, sharing costs and
risks and eliminating high upfront cogi®]. The EC Managdresideddirecting the community, caalso act

as Resource Aggregator, combinitng available flexibilitfrom within the ECand offeiing it to system
operatorsviaflexibility marketd72], as inTable3.29 and Figure3.8.

Energy communities in Europe are starting torbgulated and betteunderstood byConsumes. However,
sometimes SN & f A1 S &Sy SNEPmMuZsO@&y R dIi 2 RY & 2N aazf |
make users misunderstand and get confused on the differences and value offered from the different
perspectives. Regarding energy communities, the main value acledeclearly beyondenergy.indeed,
EGare not only about producing energy jointlut also to decide the way to produce and distribute energy
among the membersto includingmobility options,or to addressenergy poverty and social wellbeing. This

is something toconsiderwhen developing services ai®Ms for energy communitieg such a way that,
besides offering better pricesighlighting the other individual and sockz@nefits explainedarlierin this

BM review. Again, ESan help tomitigate the high initial investment, sharing this investmestweenall

the EQMembers, and providing an extra revenue to fiensumes, with a fair benefitsharing according to

the energy transactions inside the EC.

N

Table3.29 - Match between actors and roles in BM7

Roles
Manufacturer

Actor
Manufacturer
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Figure3.8 - The Role Model adapted to BM7

The results of the assessmentB¥17, shown inTable3.30, demonstratethat the 3 parametersevaluated
are quite balanced. Complexitig highand Risk and Value and regarded as moderate

Table3.30 ¢ BM7 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic
roles tech concerns (consumers) value value

Parameters Average

Complexity

Risk

Value
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The BMC of BM7 is givenTiable3.31.

Table3.31- BMC of BM7

Key actors: Key activities: \Value proposition: ! OG 2 N&E Q NI\ Customers segment:
- EC Member - Operating the EC - Reduce electricity bills - Long term contracts |- All types of Consumet
- DER Provider (includes managemer - P2P trading between E®Members | (neighbourhoods and
- Financing Entity and maintenance) - Revenue from and EC Manager communities)
- EC Manager - Electricity generation | flexibility provision - Direct interactions - Appropriate for
- Aggregation of - Boost renewable Consumers who care
customers flexibility production about the
- Environmental environment
- Digital platform to protection - Digital platforms
support the EC ) Increase.sense of - Virtual channels (web
community . .
- Smart meters sites, mobile apps,
- DER (PV panels, BES SYFLAfX S0
9+ / KI NHAY - Salesmen and

technical staff

Revenues:
- Up-front investmentsfor the EC - Financial benefits to Consumers from selling electricity an
- Installation,maintenanceand repair costéor the EC from producing their own energy
- Costs with electricity purchaser the EC - Financial return to ERlanager
- Consumers pay for the electrical energy they consume froj - Financial return to DER Provider from asset sale
the grid, grid tariffs, and taxes - Financial revenue from flexibility provision

EG, introduced in BM7, aren the risefor Consumers and Prosumesgshingto jointly investin DERand
exchangeenergy among themselveSince some distribution gridexperience periodical issuessociated
with voltageconstraintsand congestionshe operationof sharedDER canalsobe beneficial forthe DSO
[90].

In this context, in BM&he ownership andperationof certain assetssuch a8ESSs sharedbetweenthe
ECMembers, whocanalsoprovide flexibility tothe DSO Thisbenefits EC Mmbers whogeta higherlevel
of control over their production andonsumptionand additional revenueswhile benefitingthe DSQwho
can use the flexibility the BESSan provideto solve grid constraintsfor this availability, the DS@ould
participate in the investment or share the cost some other wayef@mple with a regular feavhichmake
BES& more affordableoption [90].

According to the current legislation, DS@re not allowed todown, develop, manage or operate energy
storage facilitieé (except under very specific conditiorfS)L]. Consequently, in the literature supporting the
development of this BM8, the BESS are usually property of thareCto the best of our knowledgejorks
where it is proposed that DS®ave ownership over these devices are awtilable Yet sveral dfferent
approachescan be used talevelop BM centred in assesharingamong EC Membersome of which are
summarizechext.
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In [90], it is described anethodology to minimizelectricity expenseof an EQquipped with BESS and PV
panels Acommunity batteryisusedto improve grid voltage as a service to the D8 results suggest that
when the EC shares the battery with the DSO, the commonitygetsa smalremuneration for the provided
service In this work it is also suggested that, if possible, the EC and DSO should work in partnership to ensure
that the characteristics of theommunitybattery are appropriate to address the voltage problems in the
network. In a totatsharing economic approacproposed in[92], the economic value of the EC is evenly
distributed between all the EC Membefgleanwhile, in aproportionatsharing economy approach, also
proposed in[92], each EC Member, depending on its shaver a given asset, receigexactly itsenergy
sharein spiteof the needs of otheEC MembersThis means thatf anEC Membersharges a BESS during a
certain periodwith the intention of dischargingt in the future, this energyshall be preservedfor this
member. In this case the EC Manager is responsiblggt@ranteeing thaenergy exchangeare done in
accordance with the prestablished participation quotg®2]. At last, in[93], it is proposed ahree-stage
optimizationmodel to operatean ECand provide flexibility to the DSOhe first stageof the modelaims at
minimizng the bill of each EC Membday calculating optimascheduledor their DER. In the second stage
the objective is to optimize the energy bill of the entire EC by sharing the energy safghesmembers
internally and redispatching theiBESSwhile ensuringthat eachProsume & Y S équal dr foerth&rs
the bill calculatedfor this Prosumeifrom stage one. The thirdnd laststage, which can bgerformed by the
DSQintendsto solve grid constraints by redispatching th&R.

The figure of an EMlanager already introduced in BMTeither physical and digital) is crucial forl&mbers
to count on a secure way to obtain the benefits of participating in the community warehousing system and
to detect when theBES$an provide flexibility to the grid.

Note that battely sharing may imply complex operation models and collective benefits sharing amongst the
EC Membes considering their assets ownership need to be properly designed and agreed by the community
members. This is why the conceif security, justice and sharing should be carefully addressed among the
members of the communitio highlights the potential benefits gharing complex assetEMembers must
ensure that their energy is securely stored and that they can have it as its dispitisaf, physically or
virtually [92], while the DSO may neesket constraints tauaranteethe required flexibility fronthe battery.

In addition, scial networkng effects play a central role in E@nd they occur when the utility for the user

of a product or service depends on the number of other ugéad. This means that Eembers need to
understand that their benefit depends on the number of other members correctly oper#tieghared
storage and energy assets. That is why the concept of trust and sltaringecomee essential for an EC to
work correctly and collaboratively. Therefore, although membership in the community is flexible, i.e., you
can join and leave without permanence, the long permanence in the community guarantees the provision of
benefits for the rest of the community. That is to sayne more users there are and the longer they stay, the
more solid and stable the community and energy provision for all will be.

More specifically when profits are distributed, transparency ways to proceed should be considered so that
members understand why they are receiving that profit vs the neighbourhood profit. Something to
remember is that a common dynamic in the communiteeghie comparison of the members with the other
members. This is why the effort to make members understand that their own benefit also benefits the other
members and understand and agree the benefits sharing procedures in place, are fundamental. For this, a
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digital and dynamic profisharing mechanism can mitigate this community risks when sharing assets and the
role of the E@Aanager or a managing entity is key for the community's correct operation.

EC successfBIMs canwiden their services from pure electricity generation to shared assets like heating and
mobility domains by exploiting the co benefits between the resources. Beyond economic benefits, being able
to explode the co benefits, providing environmental, econoamnd social benefits are key factors for REC

The correspondence between actors and roles and their interaction are sholabla3.32 and Figure3.9.

Table3.32 - Match between actors and roles in BM8

Actor Roles

Manufacturer Manufacturer
DER Provider DER Provider
Financing Entity Financing Entity
. Energy Supplier
Retailer . gy supp
Billing Agent
Consumer
Consumer
Prosumer
Meter Data Collector
DSO Data Provider
DSO
FMO FMO
EC Manager
ECManager Resource Aggregator
DER Manager
SW Company ICT/SW/DP Provider
Metedring I Metering Service
. . jata data e
e | B e ==
Payment Metering Menthly Flexibility
conditions data Energy supply [ energy payment
and loans bill
Energy prices

Resource or
DER rent payment|
N Flexibility
Provider ~ _ Payment

Flexibility
delivery
I Flexibility delivery
Resource Resource Delive:
payment Resource Delivery J
Resource recycling X Flex bid Flexibility
" DER activation payment
Manufacturer P2P trading - -—
Manager EC Manager | Flexibility payment
J
Software Bid Flex Flexibility
4 SECES activation verification request

Payment

Software services

Payment

Software|
services

N
ICT/SW/DP
Provider Payment

Figure3.9 - The Role Model adapted to BM8

Energy
Flexibility
————— Monsy
——— Dalafinformation
————— Assellservice
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The results of the assessment of BM&ble3.33, show that it can be complex to manage shared assets in
an EC due to the benefits' distribution among the members and the operation mechanisms and constraints
of the shared batteriesThe high risk, mainly caused by almastEG running in Portugal or Spain, and high
value that could be provided to users demonstrates BM8 to be a reliable BM.

Table3.33 ¢ BM8 evaluation

Number of Necessary Regulatory  Costs Economic Non-economic

Parameters
roles tech concerns (consumers) Vvalue value

Average

Complexity

Risk

Value

The BMC of BM8 is givenTiable3.34.

Table3.34- BMC of BM8

Key actors:
- EC Member - Operating the battery - Environmental, - Contract agreements | - Residential consumer
- DER Provider (includes managemer| economic and social | between E@lembers | _ | argescale prosumers
- Financing Entity and maintenance) community benefits and EC Manager

. . ) - Local energy produce
- EC Manager - Energy generation an - Revenue from - Direct interactions City councils and
-DSO aggregation flexibility provision )

ggreg yp public building (local
- Distribution and - Increase self

administrations)
calculation of energ] sufficiency

from  battery 10| improve financial

households benefits by providing
- Energy sharing flexibility when sharing - Appropriate for
- Digital platform to |- Preventor alleviate | . pigital platforms about the
support the EC grid constraints - Virtual channels (web| €nvironment (Eco)
- Smart meters - Reduce or postpone | sites, mobile apps, |~ APpropriate for
- DER (PV panels, BES grid investments SYIF Atz &G @ consumerwhoare
. . R active in energy issue
9+ [/ KI NBAY|. Reduce operational |- Salesmenand 9y
- Internal platform costs technical staff (Adopters)
Revenues:
- Upfront investments for the EC - Financial benefits to Consumers from selling electricity an
- Installation, maintenance, and repair costs of the battery from producing their own energy
(shared between EC and DSO) - Financial return to EC manager
- Consumers pay for the electrical energy they consume frol - Financial return to DER Provider from asset sale
the grid, grid tariffs, and taxes - Financial revenue from flexibility provision

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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The overall results of the qualitative assessment of thesBM given inTable3.35 and summarizedhext.
BM1 presents the lowest Complexity and Risk, but also the lowest \dkeenwhile BM2 has a higher
Gomplexity, Risk and Valudan BM1 BM3 has &omplexity and Value similar to BM2, but a lower Risk due
to the lower entry costsBM4 and BM5have a higher Complexity and Risk than all the previones but
they alsocreatemore Value BM6, which mixesenergy and crossectoractivities appears as the BM with
the highest ComplexityRiskand ValueFinally,BM7 and BM8offer the most balanced tradeffs between
Complexityand Risk and Value.

Table3.35- BM evaluation summary

Complexity Risk Value

Parameters  nymper of  Necessary  Regulatory Costs Economic Non-economic

roles tech concerns  (consumers) value value

BM1

BM2

BM3

BM4

BM5

BM6

BM7

& & & ¢ @ @ O
@ @ 6 6 o 6 6

¢ 6 6 6 & ¢ 6
6 ¢ 6 6 ¢ O O
¢ @ & & @ O |@ O
@ 6 @ @ U 6
& o 0 0 @ O G
¢ @ @ 6 @ o | |6
e @ 0 @ 6 ¢ G

BM8

3.3. Financing mechanisms

In this section thenainfinancing mechanisms found in the literature are described. Subsequémgly are
analysed to assess to what extent thean support the implementation of the Biiescribed irsection3.2
These mainfinancing mechanisms are

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Equity.

Debt

Mezzanine

Crowdfunding

Energy Performance Contract
Fiscal incentives

Financial incentives

Direct financing

= =4 =4 =4 -4 -4 -4 -4 -4

Selffinancing

Equity is a financial scheme where investors purchase shares of a company/project (usually traded on a stock
exchange), being granted with a certain kisfdownership over the busineg82]. When the shares rise in

value, equity investoréshareholdersare rewarded in the form of capital gains and/or capital divid€8&$

Under normal conditions, shareholders can hold their shares for as long awiste{96].

Debt is created when something, usually money, is borrowed by one party from an@ierhemainways
to finance a business via debt B2]:

1 Loans A loan isatype of credit in which a lender, such as a financial institution (e.g., a bank), provides
money to a borrower. When celebrating a loan, certain parameters must be agreed upon, such as the
monetary sum to be lendhe interest rate that will be charged and the periods and amounts in which
the principal and the interest will be refund¢si2].

1 Energy efficiency loans/mortgagesEnergy efficiencyoansimortgages are new products from the
banking sector. In exchange for a measurable increase in a property's energy performance, a bank might
offer a more favourable interest rate and/or additional funds whelb@n/mortgage is securedlhis
financing mechanism rests iwo main assumptions: first, the improvement of the energy performance
2T (GKS LINPLISNIE& KFa | LkR2airAdAgdS A Ydnll sddondosfowdrsi & O |
have a lower probability of default due to more disposable income thanks to lower energy bills,
RSONKBI aAy3a K S[98p Thys] efergy €ffidiBnByAlaans/NMrtgageer more favourable
terms forfinandngthe purchase, construction and/or renovation of buildings where there is evidence of
anenergy performance meaig/exceedng predefinedstandardqd99]

1 Bonds Bonds are debt instruments that represent loans made to the entity issuing them (i§s0@})
that can bemarketed to the general public so thather investors can acquire thefi®2]. Traditionally,
bonds pay a fixed interest rate to debtholders and, as such, are referred to asrfo@de instruments
However,nowadaysonds withvariable or floating interest rates are fairly commjdd0]. When issuing
bonds, the issuer is free to choose the amount of debt to be created and if some bonds are not acquired,
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GKSe R2y Qi NBOSAGS (i {83] TRoSeawhdNmiRboridsrécdigitiodi@ iftere¥t2 y S @
payments, usually twice a year, and also ltloed valueon a specific datgl01].

1 Green bonds Green bonds are similar to bonds but designed to encourage sustainability and support
environmentally friendlyprojects and businesses related to energy efficiency, sustainable mobility, waste
management, pollution prevention and control and sustainable infrastructures. These bonds may benefit
from tax incentives, potentially making them more attractive for ineesf102].

1 Asset renting Renting assets (e.g., PV panels, batteries) can be done in two maifB&pays

I The assets are immediately provided to the borrowaand an initial payment is made followed by
periodic payments during a pmefined period until the price of the assets is covemmtd the
borrower becomes the asset owndf the borrowing party fails to make the periodic payments, the
lender is entitled to block the operation of the assets.

1 The assets are immediately provided to the borrower, who makes periodic payments while intending
to use those resources, but without ever getting ownership over them. As before, if the borrower fails
the periodic payments, the renter can block the assets.

Mezzanine is a hybrid of equity and debt that gives the lender the right to convert debt to equity in the
project/company in the case of default (the failure to make required repayments on a H€l8) Some
sources of mezzanine financing usually include private investors, insurance companies, mutual funds,
pension funds, and bankMoreover,it is consideredo have amedium to longterm horizon[104].

Crowdfunding is employed to raise money for businesses activities and projects. Using online platforms,
fundraisers are able to collestmaller amounts ofmoneybut from a large group of individuaJ$05]. There
are different types of crowdfunding, namely:

1 Rewardbased crowdfundingIndividuals provide financial support and, in return, expect to receive non
financial rewards at a later stage, such as goods, services, prizes ¢L@fffsA subtype of reward
based crowdfunding igenerationbased crowdfundindgor which the return consists in the supply of
electricity or a discount in electricity rat¢s06].

1 Donationbased crowdfunding Individuals provide financial support, without expecting a financial or
material return for their aid105], [106].

1 Profit-sharing/revenuesharing The funded activities promise to share future profits or revenues with
the crowd at a later staggl05], [106].

1 Peerto-peer lending The crowd agrees to lend money to a business with the understanding that interest
will be added to the original loan amount. It is comparable to conventional bank borrowing, with the
exception that funding is obtained from multipt®tentially smalinvestors[105].
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1 Equity crowdfunding Stakes in a company are sold to investors in exchange for financing. Each investor
gets a stake proportional to how much they invest in the business. Unlike other eaidtialg methods
such as equitywhere funds come from a small group of professional investe®ity crowdfunding
targets a broadr group of investors, raising the necessary capital by obtaining small contributions from
many individual$107].

Some authors also admit the existence gbhd crowdfundingmodels which ©ombine the elements of
multiple crowdfunding modelfL05].

An Energy Performance Contracts (EPC) is an arrangement between a client or project owners and a DER
Provider or anESCo They are meant to help saving energy without the need for any upfront capital
investments[98]. Under an ERGhe DER ProvideESCocan execute a renewable energy project or
implement a methodology to improve energy efficiency, using the income streamtfregost saving othe

produced energy to repay the costs of the project. BBConly receives its payment if the project delivers
financial benefit§54].

Using this approach, the risk is moved from the client toE&&€ dased on performance guarantees provided
by the ESCdperformance is measured by the amount of energy produced or saved). An EPC helps to deliver
infrastructure improvements to facilities lacking engineering skills, manpower and/or fufihg

The duration of an EPC usually ranges from 5 to 10 years for a simple ft6fglcbut it can extend t@0
or even 30years or more for large projecfs09]. Regarding riskshose are considered small, with tliESCo
assumingperformance and credit ris209].

Fiscal incentives are policies meant to influence the behaviour of individuals and/or companies who take
certain actions or act in a particular way by offering them financial rewldi@8]. Types of fiscal incentives
include tax credit, tax abatement and tax exemption. This kind of incentives is intended to make a particular
decision more desirable than it would be otherw[$4.0].

An example of fiscal incentives is, for instangkena governmentwanting to promote the use of RES and
decrease energy consumptipoffers a tax credit or tax refund to households investing in technologies such
as solar panels or more efficient HVAC systEr8)].

Financial incentives are monetary benefits given to costumers and/or companies to encourage them to
change their behaviour take actions which otherwise would not take p|h06]. They aresometimes
regarded as policy instruments for the state which can be linked to other financial instruments or used as
stand-alone mechanismgl11].

Usually, financial incentives can take the form of a loan with preferential terms or a grant/subsidy covering
a percentage of the incurred cos8ome @amples of financial incentives gE6]:
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1 Grant/subsidy Financial assistance, usually provided by the governmémindations, or other
institutionsto support specific projects or initiatives, typically without requiring repayment.

1 Ontax financing Ontax financing is a mechanism used to repay money that was lent toviested in
0dZAf RAYy3 AYLINR@SYSydGa YSSGAy3dI | OSNIFAYy a@lfAR
production, water conservatich .06t financing is built upon@re-existing relationship between
municipalities and their citizens: the property tax system. Typically, msnieyntup-front to home and
business ownersusedfor upgradesretrofits in their buildingsand later refundedthrough an extra fee
on propertytax. The extrataxshould notexceed tke energy savinggesultingfrom the retrofitdupgrades
made tothe buildings(or the value of generated energythus resulting in positive casfiows for the
citizens benefiting from tis financing mechanisr{8].

1 Onbill programs Onbill programs are similar to the etiax financing mechanism, being divided in two
main types, orbill financing (OBF) armh-bill repayment (OBR). In both possibilities a utility or private
lender provide capital to a customer to fund energy efficiency or renewable energies projects in
buildings, being repaid via regular payments on an existing utility bill. In both OBF and OBR the utility
collects repayments from the end customer via its monthly utility,bwith the distinction lyig in the
source of capita]98]:

i1 Onbhill financing: The projects are financed using public money, ratepayer funds or utility shareholder
funds, with the capital typically coming at very low interest rates.

1 Onbill repayment: The projects are financed using private capital from {tantly investors. The
interest rate is usually higher than in OBF, however it is often cheaper thanaheet rate for loans
due to the added security provided to investors by attaching the repayment obligation to the
OdzaGt2YSNR&a dziAftAde oAff @

1 Revolving fundsin a revolving fund an organisation has a reserve of money (a fund) which is lend to one
or more borrowers to finance a set of activities. Latsachborrower is expected to repay the original
amount over a specified period, with an additional sum being charged (interest) to cover administrative
costs and to protect the fund from depleti¢gh06]. Loans andevolving fund$iave similarities, but while
the first isa sum of moneyborrowed from a lendefor many kinds of purposeandrepaid over a specific
time, a revolving fund is an ongoisgurce of capitafor pre-defined activities,without a specific end
date and where money circulates between the fund and its membbtareover, revolving funds are
usuallyprovided by governmental agenciesand non-profit making organizationdyut not with banks
[112].

1 Recurring funds Financial tools focused on vulnerable homeowners with limited or no resources to
renovate their houses and improve their qualifyo6]. Although several other mechanisms already exist
to support renovations, several projects are not implemented because other types of incentives
frequently require that the eligible activities are completed and paid for before the owner applies to the
subsdies. ForvulnerablehouseholdE (K2 &4S O2yRAGAZ2Y A YSIy GKIFG (K
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through the recurring funds, they can access these schemes. This fund is neither a subsidy nor a loan.
Unlike a subsidy, theecurringfund must be repaid and, unlike loans, repayinhgoes notinvolve a
recurringrepayment. Therecurring fund is meant to be sedfistaining thereforethose benefiting from

it have to pay bachk part of the addedralue[113]. For instance fithe renovated houses are solpart

of the value of the sales is used to repay the fuothA ¥ (1 K S LINE LI®DWEiténepart ofthid dzS  NJ
gain is allocated to the fund. With these repayments, the revolving fund can contribute to other
renovation projectg114].

Selffinancing refers to the act of raising or providing funds or capital for something oneself, without
depending on external sources or intermediarfig$5]

The main characteristics of the described financing mechanisms are summarizdad3.37.




Equity

Debt

Mezzanine

Crowdfunding

Energy
Performance
Contracts

Fiscal incentives

Financial
incentives

Selffinancing

Selling ownership shares of th
companybusinessto investors in
exchange for capital.

Borrowing money from a lende
with the obligation to repay it
along with interest andwithin a
certain period.

Converting debt to equity if the
borrower fails to make requirec
repayments.

Rasing money from a larg
number of people, usually online

Guaranteeing energy saving
with payment linked to level of
the resulting savings.

Implementing policies that offel
tax  benefits or financial
advantages to the individuals an
businesses promoting specifi
activities.

Offering monetary rewards o
benefits to encourage
investments in certain areas c
activities.

Using own funds, without needin
external sources ol
intermediaries.

Table3.36 ¢ Financing mechanisntharacteristics

Investors who turn into
partial owners of the
companybusiness

Banks, bondholders, and
financial institutions, or
DER ProvidefESCdin the
case of asset renting

Investors, banks, mutual

funds, pension funds anc
insurance companies

Large number of individua
contributors.

Company (DER Provide
ESCpuses its own funds.

Government funds non
profit organizations and
private companies

Government funds

Own funds

Requires no repayment
but shareholders get
part of the profits and
losses.

Periodic payments of
principal and interests.

Variable repayment
terms, involving
interest payments and
a portion of equity or
warrants.

Variable depends on
the model

Repayments based ol
the achieved energy
savings

No repayments

are
while
expect

Depends, some
non-repayable,
others
repayments.

TTT

Longterm  partnership
between investors anc
the companybusiness

Variable, from short

term (months) to long
term (decades).

Medium to longterm.

Fundraising usually last
up to several months

Predefined term, usually
several years (paybac
period of the project)

Variable, depends on the
policy objectives

Often offered as one

time payments or
deductions.
TTT
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Risk and rewarsl shared
between investors and
the company/business.

Lenders face the risk o
default.

Lendersfacerisk of losing
money in the case of
company bankruptcy.

Variable,depends on the
model, but backers risk
losing their investment.

Regarded as olv risk,
which is assumed bthe
DERProvider/ESCo

No risk as repayments
are not expected.

Regarded as low risk, ¢
even inexistent in the
cases where nc
repayment is expected.

TTT

a flexibilisgentric energy
chain, Business Use C:

Source of capital for ¢
sustainableandlong-term
growth without specific
goals

Can support sustainabli
projects, such as greel
bonds for environmentally
friendly initiatives

Supportshusiness growth
without specific goals.

Can support sustainabli
projects, such as greel
technologies and energ)
communities.

Help to increase energ
efficiency and reduce
energy consumption

Can promote
sustainability goals by
encouraging ecdriendly
investments.

Used to boost usage of

RES, increase ener¢
efficiency can reduce
GHG.

TTT
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In this section thdBMs described in sectioB.2 are matched with thanain financing mechanisnpsesented

in section3.3. A criteria-basedmethodology is proposetb supportthis matching Here, for a BMto be

supported by a certain financing mechanisimust satisfy aet of keycriteria (Table3.37). For instance, for
aBMtobefinancey9 lj dzA 1@ A G YdzAa G Fdzf FAE ONRGSNRA2Y 9m>I NBf |
0 dza A Y S & a Edualyi forZeA BMVE th ®e financed through Mezzanine it must check two criteria
AAYdzZ GFyS2dzates gKAOK INBE ONAGSNRAZ2Y am o0a. 2NNRgSN
AYGSNBaAGa0oeéo yR ONRGSNAR2Y aHn 0 dtCIAEAOIALIA (AST (y2S GiSS

Table3.37 ¢ Griteria to match BMsand financing mechanisms

ELat 23aA0AfAGe (2 &Sttt 26ySNBRKALI 2@8SN) (K¢

Equity s
Debt D1:& . 2 NNEBag @Mt topay/repay the debtassetd LI2 A aAo0f & GAGK Ay
4]
M1: éBorrowersOl Yy O2YYA G G2 LI @k NBLI & (4KS RSoi«k
4]
Mezzanin . . N N oA .
€zzanin€ o at2aaroAtAGE G2 ASEf 26YSNEKAL 208N K
4]
Cliad. 2NNB6SNE ySSR F adzmadalyadalt Fyzdzyid 2°
4]
C2:ad. 2NNPBYNB2YYAG G2 aKFENB FAYFYyOAlt oSy
4]
. or
Crowdfundin = c2:¢. 2 NNBBBNB2YYA G G2 LI ekNBLI& GKS 062 NNEP¢
g 4]
or
Cat2aaAoAtAle (2 oaddAy S56akSINBRIKMAL (Red SINJ (i K ¢
4]
C3d. dzaAySaakl QiA@GAaGe FTOGGNI OGAGS F2NJ oNR |
5
EPCl4 . 2NNR 6SNE | @FAtFoftS (G2 NByYy2@F iSkNB{NI
5
Energy EPC20 . 2NNRB g SNE SELISOGAY3I avYltts LISNA2RAO ¢
4]
Performance - f oA s o < . R
EPC3d . 2NNB 6SNE Y2@0SR o0& SO02y2YAO | yRk2NJ Sy
Contracts 5
9t/ nY ALYRA@GARIzZEEf FNNJYy3aISYSyld o6SiG¢6SSy S
]
Fsla . 2NNR o SNBE SELISOGAY3I avYlffs LISNA2ZRAO &
4]
Fiscal Fs2d . dzaAy Saaklt OGAGAGe sAlGK az20AlftKSYDPANRY
incentives 5

Fs3:da/ FLIAGEE LINRPOGARSNI AyidSyida G2 AyRdzOS OS
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4]

The BMs and financing mechanisn@se matchedaccording to those criterjawith the results (either if they
fulfil or not the criteria)being provided inTable3.38. In the remaining of this section, it fierther detailed
how each BM can be supported by the mechanisms assigned to it.
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Table3.38 ¢ Financing mechanisms and Bhititeria evaluation

Equity Debt Mezzanine Crowdfunding EPC Fiscal incentives _Flnanp - Seltfinancing
Incentives
El DI M1 | M2 C1 | C2 | C3 EPC1 EPC2 EPC3| EPC4 Fsl | Fs2 | Fs3 Fnl | Fn2 Sfl | Sf2
BM1 X X
BM2 X X X X X X X X X X X X
BM3 X X X X X
BM4 X X X X X X X
BM5 TTT Tttt |ttt tTtt|tTTtT ©TTT T©TtTT|TTT TTT TTT TTT|(TTT TTT TTT|TTT TTT |TTT TTT
BM6 TTT ittt |ttt ttTt|TtT1T ©T1TT ©TTT|TTT TTT TTT TTT|TTT TTT TTT |TTT TTT|TTT TTT
BM7 X X X X X X X X X X X X X X
BMS8 X X X X X X X X X X X X X X

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessectlyhese of the European Union. Neither the European Union nor gianting authority
can be held responsible for them
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Regarding the cost structure of BM1, tbely suitablefinancing mechanisris:

1 Selffinancingc Consumers pay the energy bill.

In BM2, Consumers can be supported via:

1 Debtg Consumers can ask for normal loans or energy efficiency loans/mortgages.

1 Energy Performance Contract3 he resulting energy savings or cost savings are used to repay the assets
[54], [98].

1 Fiscal incentiveg Again, VAT reductions can be applied not only to energy bills but also to energy
efficiency and to renewable energy proje¢i96].

i Financial incentives Certain governmetal programsprovidefunds orloans to citizen$106].

1 Selffinancingg Consumers use their own funds to pay for the assets.

In the context of BM2, fiscal incentives can make the investment in energy efficiency and renewable energy
projects (e.g., of PV+BESS, sriiior HVAC systems) more affordable to Consumers. There are numerous
examples of the utilization of this mechanism in EU countries, for instance, in ftag¢eNetherland$117],
Belgium[118] and Italy[119]. Moreover, VAT reductions can apply to the energy produced from RES, as in
[120], [121] but also be used to help vulnerable citizens and fam(ili2g]. Regarding financial incentives,
some governments created programmes to support the rehabilitation and decarbonisation of the domestic
sector by offeringsubsidies andobans to citizens to cover a fraction of the costs of eligible projects. These
involve renovations to improve energy efficiency and water efficiency of buildings and projects involving low
carbon solutions, such 4%], [123], [124] Meanwhile, through Energy Performance Contracts assets are
AyaaglrtftSR G GKS /2yadzYSNRa LINPLISNIE& ¢A0K2dzi dzLJF N
DER Provider. A few examples of companies offering these possibilities can alrdadpdi 25], [126],

[127]. Moreover, loans with more favourable conditions for homeowners wishing to improve the efficiency
of their houses are offered by several financial institutions, afl28], [129] If none of the described
mechanisms are available, of if the Consumers choose not to resort to them, the last available optien is self
financing.

For the BM3, theppropriatedfinancing mechanissare:

1 Debtg More specifically asset renting. For this case, it is negotiated a contract betG@esumeiand
DER Providerin this casdretailetr specifying the perioditee and other conditions. The equipment is
provided immediately after the contract signing. The payment covers asset price and operating and
servicing costgl30].

1 Energy Performance Contragi&nergybill savingscover the fee paid by renting thessetg54], [98].
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1 This way theConsumeis free from big initial investments and can pay the asset value along the time of
its utilization. However, if paymentail, the provider can block the asset operation until the payments
FNBy Qi NBaAdzYSRD

In the BM4, the financial mechanisms assumed are:

1 Debtcg Retailers can concede a loan to tiensumesto buy the assets.

1 Energy performance contragtThe contract will be celebrated betwe@onsumeandRetailer The cost
savings or the renewable energy produced tRainsumerpresents can be used to repay costs of the
investment.

1 Selffinancingg TheConsumepays the assets total value at onceRetailer

For thisBM, the transactions, whatever they are, will be betwdgeonsumeiand Retailer One possibility is

to pay all the asset once, after that 100% of the devicgassumeiproperty. Another option is requiring a

loan to Retailers companies and paying over the time. The main resources that can be bought uriRMr this
are PV panels and batteries and many times there are packs with the two types of devices, improving the
installation reliability{131], [132], [133].

In this BM, it is assumed that the assets are already installed and prepared to supply flexibility to grid
operators viaAggregator So, a financing mechanism doesn’t make sense becau&Mligsin a step ahead.
However, financial mechanism centred in Aggregator, DER Manager or DSO activities can be implemented,
but this is not a subject for this section.

For this BM, the situation is similar to the BM5 in what regards to flexible assets. It is assumed that they are
already bought. The payment for cressctor services requires a contract betwe@onsumes and a Service

[ 2YLI ye& o0{/ 2032 cénBidesdd Jindhciigkmeshanisn, YeRause this transaction will be a
simple periodic payment, according to the contrf&2].

To support the development of E@ BM7 the following mechanisms are available:

Equityc Investors support an EC by acquiring a portion [if34].

Debtc Investors lend money to the EC, asking for a fee in rgtLB4].

Mezzanine; Debt is converted to equity if not paid back by the[ EZS].

Crowdfunding; Funds for the EC are collected from a large number of people using a pl41f@6in

=8 =4 =4 -4 -4

Fiscal incentiveg Again, policies like VAT reductions can help in deploying projects involving renewable
energies, as is the case ofsEC
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1 Financial incentivesLoans provided by the government to EC Mem{2és].
1 Selffinancingg Consumers wishing to become EC Members use their own funds.

When equity is used, capital is raised from members of the EC. In return, the EC Members willing to provide
funds become c@wners of the community and receive part of the profit, such as annual dividends. Usually,
equity is used for the implementation anaperation phases of a new EC. Since these early stages are
perceived as having a higher risk, most citizens are often not too willing to invest. Meanwhile, when debt is
used, the investors providing capital do it in exchange of a regular fee to covieitehest. Once the debt is
repaid, those investors no longer have a relation with th¢1B38]. A third option is mezzanine, where funds
provided to the EC as debt capital can be converted to equity if the loan is not paif B&giCrowdfunding

can also be used to finance$tGing different methodologies: equity crowdfunding (investors get ownership
over the EC, being promised future profits), debt crowdfunding (investors give loans in return for interests)
and donation based crowdfunding (investors do not receive anythit®y)]. Fiscal and financial incentives
promoting the usage of RES are important for the deployment sfie@ucing the monetary effort for their
implementation. At least, Consumers can make use of their own funds to acquire the necessary resources to
create/join an EC, but, with such a vast amount of financing mechanisms available, this option should only
be used as a last resort.

1 BM8has a different operation than BM7, hudincetheir development phasellow similar processes
the financing mechanisms availablie support the ©nsumers/Prosumergn BM8 are the same as
described irsubsectior3.4.7., which include

Equityc Investors support an EC by acquiring a portion [if34].

Debtc Investors lend money to the EC, asking for a fee in rgtLB4].

Mezzanine; Debt is converted to equity if not paid back by the[ EZS].

Crowdfunding; Funds for the EC are collected from a large number of people using a pl41f@6in

=8 =4 =4 -4 -4

Fiscal incentiveg Again, policies like VAT reductions can helgeiploying projects involving renewable
energies, as is the case ofsEC

=a

Financial incentivegsLoans provided by the government to EC Memb&es].
1 Selffinancingc EC Members use their own funds
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The Flexibilitycentric VCdemaocratizes the enrolment and engagement of Flexibility stakeholdespite
their size flexibility potential or role. It provides means for thenergy market to adapt to flexibility services
and make distributed resources availabled interoperable to all partie€ontributing to unlock the flexibility
potential of the final customersDER Owners

The main concept for the FlexibilitentricVCis that itwill concentrate in a simple, mulstage processhe
link between providers of flexibilityand those procuringit, while at the same time exploring the intrinsic
value of beingflexible via the adoption ofBMs that can create value along th€Cand for multiple
stakeholders.

The cornerstone of the valughain is the capability tpair or matchmakestakeholders in eacktage (e.g.,
allowingProsumes to join theVCwith flexible asset@and be paied with Aggregatos thatare in need to
incorporate their flexibility potential)and bind them toa BM that could delivera profit based on the
potentially created valueThis is achieved by using digital toolscmordinate and exchangeinformation
betweenflexibility assets flexibility providersandgrid operatorsonboardedin theVC

Interoperability and data exchangdools or enablersare included asa transversal capabilitylinking each
stage with standard or interoperable interfac@hismeans that for each main stage, tMCwill export a
data representation, as standard as possible.

Asflexibility encompasses a crosgctor dimensionthe VCwill allow the creation andrack of the B2B or
B2C agreements placeat each stageregulaingthe participation of each party

Servicesvailable in the/Cembodythese conceptfocusngon one specific stage or prowd)a multi-stage
service along th&C

In a nutshell, theVCenablesflexible assetsto be easily incorporated and controlleda servicesthat
implementBMs capable of harvestinthe potential of flexibility and beyond flexibility assetghile handling
their coordinationwith key external partiesl he flexible assets are made available to the mafiket, namely

via anAggregatoy, whose activation or mobilisation is dictated by market conditions and in line with the
availableBMs of the VC

Ultimately, theVCprovidesa one stop enabler for dlexibility related stakeholderto acquie flexible assets,
expo® them to innovativeand attractiveBMs andto handk the control and mobilisation of those flexible
assets ForConsumes/ DER Owne; it providesa low-costand low complexity solution Forbusinessesit
allowsthe discovey of candidateConsumes and partnerships antb promote sustainabld8Ms that avoid
shortage of flexibility in the electricalstem,due tounattractive value propositions.

A roadmap describing the actions and steps required to operationalise, implement, and susteiGwias
presented to the participants of WP1 in a workshop delivered in May 2023. From the received feedback, it
was possible to conclude that th&Csuits the mapping of all Use Cases and includes all the necessary stages
for boosting distributed flexibility. The structure and the content presented on the workshop is further
detailed inAnnex I.
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4.1.Value chain design

The BeFlexible VG presented in Figure 4.1, is divided in six steps: Flexibility capacitation,
Integration/Enablement, Aggregation, Negotiation preparation, Market Operation and Activation &
Settlement. The description of its design includes the identification leé &ctivities and the main roles
involvedin each one of thse steps with the activitiesbeing divided in main andsupporting activities
Moreover, hside the main activitiethere are two types: activities thdtappen regulariyand contribute to

the steadyoperationof the VG and activities that only occurs once with very lowfrequency butare still
essential to the provision of flexibilitrhe supporting activities are services thare often provided or
referred to,canadd value to the/C but are nota requirement

It is a result from the BMs arféble Model previouslydescribed while part of its structure is based @],

[136].
Flexibility Integration Negotiation Market Activation &
e S

« Aggregator/EC DP *TSO-DSO coordination

* Assets OM management * Flexibility needs « Activation
o : Sy *Det ine flexibilit:
Main activities *Asset provision and (ConflguretHEMZ/lEMS' * Bidding z;eesrmme EXPY . Market DP operation Monitoring
Cross-sector ana loca
egular operation) installation or retrofit 2 * Activation «Bi i « Verificati i
(regular operation) Aggregator constraints) e (et Rl pranaration Bids selection Verification (baseline)
- * Verification (baseline .
* (Sub)Metering +TS0-DSO coordination Settiement
*Settlement «Billing

* Market registration
* Registration HasremsiorDp « Aggregator/EC DP * DSO pre-qualification
Main activities * Contracting support inteetaton

(done once) « Financin « Aggregator pre- * Baseline computation
$ g financing qugz-:glififationp F’

algorithm development <« Market DP integration < Contracting support

 Contracting support

* Energy services: sizing,
efficiency, diagnostics,
optimal aggregation,

i = * Market analysis
« Energy services: sizing,

efficiency, diagnostics,

* Links with cross-sector
services

* Market simulation

Secondary * Market analysis and

T EC creation support, optimal aggregation, * Bidding strategies R « Statistics
activities education * Maintenance and 7 reporting
i > REC creation support, Forecasting
« Maintenance and support services education ’ .
: * Grid analysis
support services
*Consumer * Resource Aggregator * Resource Aggregator
*DER Provider *Resource Aggregator  *BRP * DER Manager
. . * DER Manager « Flexibility Market
Main roles «ICT Provider * EC manager *DSO * Meter Data Collector
* Consumer Operator
*Manufacturer *TSO *DSO and TSO
*ESCo, SCo * Billing Agent

Figure4.1 ¢ Flexibilitycentric and CrossectorVCdesign

4.1.1.Flexibility capacitation

Flexibility capacitation addresses the identification of #vailableor potentialflexibility that can beharvest
from or deployed on theConsumedi Q & HuR B the first stagehe main activitesincludethe acquisition
and/or retrofit of assetsfor Consumes to participatein the provision offlexibility. Then,Consumes can
voluntarily make their flexible assets available in exchange for benefitesEbhtbeingconsidered are those
belonging to the electricity domaisuch asVpanels BESSand other crossector assetsuch asieat pump
water heater§HPWH for heating or E\&for mobility. Onthe Consumed Q  airdgiRtfationinto the system
(whichis doneonce) is necessaryandalsothe contracting and supporting @fssetservice providersvishing

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesseatlyhase of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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to explore a given BMIheVCshouldalso supportasses purchase/retrofitby helpingConsumes to find
financing mechanisms matcty their needs.

In thesupportingactivities there areauxiliary services whiatanhelp in the installation of asse#sd create
additional value to th&€€onsumerTheyincludesizing, efficiencimprovement energy behavioudiagnostics,
and optimal aggregatioservices whiclare important totake advantage of flexibility provision and asset
operation. In the case ofreEC likein BM7 (subsectior8.2.2.7), the support for the creation cEG is an
activity that is considered to belong to thiéCstep, which could, for example, be performbg an ESCo.
Energy educatiorservices to improve energy literacgnd teach good energy practices towaidgproving
efficiencyare alsoconsidered asupportingactivities belonging to flexibility capacitation.

The main roles in this stagee:

1 Consumes, whoreceivdacquirethe flexible assetsfrom which they will benefitvhile becomingmore
environmentallyfriendly.

DER Provideresponsiblefor deliveiingthe assets

ICTProvider, responsible for theommunication and contradoftware

Manufacturer, whoproducesthe assets and delivethem to DERProvider.

= =4 =4 =4

ESCHSCo whooffer their services to th€onsumes (as described in the B}l

The ntegration/enablementstageincludesthe operation and management of the assets installed in the
previous stepThemain activiteswith regular operatiorincludethe configuration of EMS/HEM&hich act

as gatewaysto enable information and instructionsxchange, ad also the processing of metering and
submetering data to register consumptigroduction levels. To connect tl@onsumes with the rest of the
VG itis necessary an integration in the aggregation digital platform to allowdkiaeryto the Aggregator
and flexibility assets management from tAggregator

Moreover, in this steptakes placehe integration of crossector serviceffom SCawith access to signals and

data to provide surveillance, mobility, and health services. For example, in the case of surveillance, the
Consumecanhire a SCo to be responsible for the house security. For this purpossumeallowsthe SCo

to access security alarm and sensors signatduding energy datdhe later enabled by th&C

In this stepthe mainrolesand their responsibilities are the following:

1 DER Managerresponsible for theConsumes assets operation, using the appropriate software and
digital platform.
1 Consumes, to becomdully integrated in the flexibility/C

In the aggregatioistage the main activity is the continuous operation of the aggregation digital platform
respond to flexibility requests from the flexibiliprocurers This digital platform, since it hés ConsumesQ
data aggregated, calculaéapplyingthe correspondingaggregation algorithmghe best flexibility offers to
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bid in the flexibility markes After the offering process, the flexibility needs to be activdigaontrollingthe
assets engaged in the bid submitted and accepted to rtfeetommittedflexibility.

A part of the aggregation process is the settlement with the aggreg&edsumes for the flexibility
provided,and, as such, at thtepthere isalso access to the settlement results to distribute the revenues
amongthe aggregatedConsumes (explained late&at the settlementstage)

Aboutthe activities that only occur once, thiggregatoneeds to be prequalified and registered as a market
actor to be able to participate in the market to provide flexibilityy is alsonecessary that theé\ggregator
itself pre-qualifies theConsumersto assure they can indeed provide flexibility, edorevent problems in
the activationprocess Finally, to support the operation of aggregatiaiigital platforns are needed by the
Aggregatos with the correspondingggregation algorithm to computethe optimal aggregatiomf their
portfolios according to the flexibility requested, and to compute the corresponiitig)

Regardig supportingactivities, the focus are the servictat can beapplied to theaggregatedConsumes
(e.g.,supporting RE€by setting up and managing digital platformns

In this step, the main roles and their responsibilities arefti®wing:

1 ResourceAggregator or theREManagerbehaving as aggregatorfor the EQVilembers according to
the EC BM. All the activities described above are performed by these actors, that are responsible for
aggregatingCconsumes or EQMembers to facilitate the negotiation of flexibility

The negotiation preparation and market operatistagesare interrelated The negotiatiorstageis the first

one andrefers touse of market analysis tools to compute the optimal flexibility bids to be sent to the market.
Therefore in the negotiation phasethe main activities arg¢he reception of theflexibility needs fronthe
flexibility procurers €.g.,grid operator$, the identification offlexibility zonedor the aggregation process,
and, finally, the preparation of bids toe submitted to theflexibility markets The market operatioris the

next stage wherebid selection is decided

At this stepthe pre-qualificationof the Aggregatotby the market operator is needed once, to guarantee the
financial health of the market participants, and the fpealificationof DS@ mayalsobe neededonce or in

a more continuous waydepending on the prgualification typeto guarantee thecorrect communication
betweenAggregatoy grid operators and platformsandassess the impact on th&ggregatorassets on the
grid constraints

In this step there are other activities thatespite not being requiredcan beusefulto the computationof
the optimal bids.Market analysis and simulatiotvols help to compute optimal bidaccording to the
expected market behaviour, and maximizevalue of the offered flexibilityMoreover, forecasting tools are
complementary to market analysis tools itaprove the estimation of the expected market behavioline
weather forecast is an example, allowingbatter forecast of therenewable energy production and
consequently the flexibility needs for grid operato@id analysis islsoone of the activitieghat may help
to forecastwherethe grid constraints could blecated,and the type and amount of flexibility needed




D1.2¢ Framework for a flexibilitgentric energy
and crosssector value chain, Business Use C:
and KPlIs definition

Dissemination levePU

In this step, the main roles and their responsibiliteee those that have a direct link to buying and selling
flexibility in the market:

1 Aggregator who offer flexibility byprepaling and submittingflexibility bids
1 Hexibility procurers which depending on the market, cancludegrid operator DSQ or TSQ) andor
BRR.

The market operation stejpvolvesthe flexibility marketplaceperation by means of the appropriate market
platform and abiding bythe specific market rulesThe market platfornpublishes flexibility needsollects
the submission oflexibility bids andheir selection(or partial selectiorby elaborating anerit order list), as
well asin the formalization of thecontracts betweerflexibility buyers and sellers.

In this step, the main roles and their responsibilities are:

1 Flexibility Market Operator who facilitates the communication and coordination of all market
processes. Other relevant actors are the flexibility procurbS@, TSG, BRR) and theAggregatos.

Finally, the last stepf the VCincludes a set of relevant actions needed to activate the flexibility selected, to
confirm that the flexibility activated is indeedctivated, and to settleit according to the prespecified
settlement rulesand contractual agreementincludingthe invoicing process

In the flexibility activation process, the grid operattecidesamong the selectebids, if the flexibilityshould

be activated andtherefore, the corresponding energy (up or down) provided. This is dongebging the
activation signal to thé\ggregatos or flexibility providers, that cadgirectly controlthe aggregated assets or
forward the activation signals to tHeER ManageNB & Ll2yaA of S FT2NJ 0 KS FaasSdiaQ

To check if the request to increase or decreagesumption/productiorwas fulfilled the verification task is
performedaccording toa preagreedbaseling computedaccording to daselinecalculationmethodolog
and relyingon monitoringthe performance of theAggregatos orin the capabilityof the flexible assetm
their control to providing the flexibility committeqadditionalinformation on basehe methodologes and
metering is providedn D1.1[71]).

Moreover, this step must ensurethat the acquisition of flexibilityo assistin grid operation procedures
done in a coordinated manner between Ts#0d DS@ depending on the coordination mechanisms in place

After the settlement is done between the flexibility procurers and fkggregatos, the Aggregatos must
perform the settlement with the assen their portfolios of flexibility assets, so thatéradded value for the
provision of flexibility is also shared with tk®nsumers

As asupportingactivity, it is considered thatelevant statisticsmay be computed to assess the flexibility
market behaviour, the reliability of the flexibility committeshd, regarding Aggregatos participating in the
flexibility provisionthe analysion thel O (i BeNaRidur andhe impact of the flexibility activation on the
grid condition
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In this step, he mainrolesinsidethis step are:

1 ResourceAggregator that prepares the optimal bids based on their flexibility assets portfolio and
flexibility requirements andsettle with their aggregatedConsumes the benefits from providing
flexibility.

1 DER Managerthat receivesthe flexibility activation signals to control the assets and deliver the
committed flexibility

1 Meter data collector that hasaccess to metering and submetering data and prowitem to the
authorized parties that need them (D§®@ggregatos, etc) to help in the flexibility delivemerification
process.

1 DSGandTSG, that manage their respective grids, andmpute and inform about their flexibility needs,
select the flexibility bids, decide their activation, verify thedivery,and settle the flexibility provisian

1 Billing agent responsibldor the invoicing process

To connect the/Cwith the proposedrole mode| the following diagram shows where each one of e
phases are located and which roles will be essential to its operation:
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Figure4.2 - Role Model mapping along théC

The BeFlexible V@oadmapis meant to delineatethe steps and actionsmiecessaryto operationalise,
implement, and sustain th€Cin real world applications
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Theimplementation of theVCstarts with the deployment of the GDBN as a service. Next, in the onboarding
step, stakeholders are invited to make their registratioto the VC Then, as members of théG those
stakeholders can provide or subscribe to flexibility Bince some of those stakeholders might already
operate an own platform, it is necessary to guarantee a seamless link and data exchange between them and
the GDBN. Once operational, the GDBN enables stakeholders to identify and match flexffieigyand
requests from bothConsumers/Prosumsrand service providers. From their participation in the GDBN,
stakeholders can create value and be paid for it, fostering a sustainable and mutually beneficial ecosystem.
The last stage of the roadmap is centred on guarantying the scalability of the GDBBgapts to a variable
demard. The VQroadmapis depicted irFigure4.3.

Integrate Operational R 2
Onboarding Platforms evenue

Stakeholders register
in the value chain

Stakeholders collect
Provide link and data revenue from opeating the
exchange with stakeholders value-chain

operational platform

& &
)

GDBN Scalability

Scale service up/down

depending on demand

Efﬂ'?é'rf,-?f” Business Model Adoption Explore Flexibility Potential

Stakeholders provide or Match flexibility offer / demand

. i i 1
Stakeholders register subscribe a flexibility (prosumers / service providers)

in the value chain business model

Figure4.3 - VCroadmap
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The Grid Data and Business Network, from now on G#&l digital platform to provide support to all
activities in theFlexibilitycentricVCdescribed in SectiodA. Theconceptualdesign of the GDBN is depicted
in Figure5.1.

Grid Data and Business Network
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Figure5.1 Conceptual Architecture for the GDBN

The GDBN architecture is composed by sevegitalmodulesconcerning the adoption of the flexibilityC

the flexibility-centric serviceshosting all the services that embody tlulfferent phasesof the VG the
flexibility products, that character@ how the components of the flexibilitgentric services modulghould
behavein terms of the flexibility provisiagrthe VCservicesto supportthe basic features of the GDBN as an
enabler of theVC(registration,data exchange, contracts management, etahd the interoperability and
data spaces modulgo provide data interoperability and sovereignty for external services and actors
interfacing with the GDBN.

To build on top of existingechnologiesand proposalsselecteddigital platformsand flexibility productsre
reviewed and summarized. Thehe procesgsfor the flexibility exchangéo be supported byhe GDBNthe
GDBNbasicfunctionalities, the flexibility productsto be considered in WP6 pilot demonstration, and the
GDBNand basi@and advanced servicese described

This subsection presents a review of digital platforelated to the objectives of the GDBRepending on

their purpose and functionalitieghey can bedivided into different categories and severalclassification
proposalsan be found in the literaturaccording tglatform characteristics and main purpose. For instance,

in [137], digital platforms are merely divided in Market Platforms and Aggregator Platforms. Meanwhile, in
[138], they are split in Data Exchange Platforms, Flexibility Platforms and Aggregator Platforms. A more
comprehensive classification is provided[1139], where eight categories are presented, including Market
Platforms, TSO or DSO Operational Platforms, TSO/DSO Coordination Platforms, Market Facilitation
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Platforms (data exchange/data hub), Technology Platform (VPP or Microgrid Controller), Community Services
Platforms, BRP/ Supplier Trading Platform and, at last, Energy Management Platforms.

For this work the digital platform classification methodology used is the one proposed by ER[13Q0),
that classifies thedigital platforms designed to support the operation of power systems in the following
categorieq140]:

1 Aggregator Platform:

)
)
)l

Decentralized Assets;
Centralized Assets;
Decentralized and Centralized Assets;

1 Flexibility Market Platform:

= =4 4 -4 -4 -

Operated by a Power Exchange;
Operated by a DSO;

Operated by a TSO;

Jointly operated by TSDSO;
Blockchairoperated;

Operated by a thirebarty;

1 Grid Platform:

)l
)l

TSADSO physicahterface (control system);
TSO grid;

1 Data Exchange Platform:

= =4 =

)l

Jointly operated by TSDSO;
Operated by a DSO;
Operated by a TSO;
Operated by a thirgparty.

Theplatforms reviewed in this documermtre listedin Table5.1, where they aregrouped according to the
categories proposed by ENT&EOand mappedo the different stages of thd-lexibility VCthey might
potentially support.Grid platforms (i.e.TSGDSO physical interfa@nd TSO grighlatforms) are not included
in this review, as they are not considered to be within the scope of the current work.
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Table5.1 - Reviewed platforms and their mapping along the flexibdiyntricVC
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¢ VCstage only partially supported by the platform

2¢ Support by Piclo Flex
For each one of those categorjestemplatedtable is used tosummarize the main characteristics edich
platform. The template used for Aggregator Platforms is giva@rablie5.2, in Table5.3 for Flexibility Market
Platforms and iTable5.4 for Data Exchange Platforms.
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Platform type
Location

Sellers

Buyers

Services
Resources/Assets
Pre-qualification
Bidding period

Negotiation & Market
Operation

Activation & Settlement
Proof of delivery

Remuneration

Platform type
Location

Market structure
Trading type
Price computation
Market type
Buyer

Sellers
Products/Services
Resources/Assets
Pre-qualification
Aggregation
Bidding period

Negotiation & Market
Operation

Activation & Settlement
Proof of delivery
Remuneration
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Table5.2 - Table template to characteriggggregatorplatforms

1 (type of platform, according to the ENTE@roposal)

9 (country or list of countries where the platform is used)

1 (actors selling flexibility)

1 (actors buying flexibility)

1 (list of services supported liye platform)

1 (resources being aggregated to provide flexibility)

1 (information regarding prejualification tests the assets must endure)

1 (periods available for flexibility suppliers to maigers)
9 (information on how flexibility is negotiated)

9 (information on how flexibility is delivered, and transactions are settled)
1 (how the provision of flexibility igerified, i.e., baseline)

1 (how flexibility providers are remunerated)

Table5.3 - Table template to characterise flexibility market platforms

1 (type of platform, according to the ENT-E@roposal)

1 (country or list of countries where the platform is used)

9 (attributes of the flexibility market, e.g., orsgdded market, twesided market)

1 (how is processed trading within the flexibility market, e.g., auction based, continuous mat
1 (methodology employed to defiwices, e.g., pagsbid, payasclear)

1 (market category, e.g., energy and/or reserve/capacity)

9 (actors buying flexibility)

9 (actors selling flexibility)

1 (list of services supported by the platform)

1 (resources being used to provide flexibility)

1 (information regarding prejualification tests the assets must endure)

FYR K2g

TOAT FaasSiaqQ FtSEAGAfAGE A& | IINE

1 (periods available fditexibility suppliers to make offers)
1 (information on how flexibility is negotiated)

1 (information on how flexibility is delivered, and transactions are settled)
1 (how theprovision of flexibility is verified, i.e., baseline)
1 (how flexibility providers are remunerated)

9 (Description of TSDSO coordination mechanisms, when applicable)

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Integration with other

markets or platforms 1 (Interactions with preexisting or new markets or platforms)

Table5.4 - Table template to characterise data exchange platforms

Type 1 (type of platform, according to the ENT-&Proposal)

Country 1 (country or list of countries where the platform is used)
Operator/Ownership 1 (entity owning or operating the platform, e.g., DSO)

Objective 1 (main goal for operating the platform)

Data to be exchanged 1 (information exchanged)

Datasupplier 9 (actors who provide data)

Data users 9 (actors who make use of the collected data)

Assets 9 (assets used to exchange data and assets whose date is being exchanged)
Other features 9 (other important features not included in the previous items)

5.1.1.Tiko

Tiko is arAggregatomplatform launched in Switzerland in 2014. It was developed with the gaairdfolling
and aggregating behinthe-meter assets, such as electric heatidgvices(heat pumps and boilers), EV
chargersand PV systemd41], as depicted ifrigure5.2. This wayConsumes benefit from having a higher
level of control over their deviceghus optimizing seHconsumption from PV panels, reducing peak
consumption,increasing theicomfort, and reducingenergybills [142]. Apart fromthese benefitsobtained
via implicit flexibility,Consumes who join Tiko can alsenter a VPP andeceive additional revenuely
providing frequency regulation or by participating imra-day and dayahead marketq4143]. Still,a full
description of how that procesdsimplemented was notobtainedin the revised literature

Figure5.2 - Overview of the Tiko platforifi42]

According to the most recent information found, Tiko is present in four other European countries, namely
Austria, Belgium, France and Germ§h$7].

In the case of Switzerland, Tiko u@snsumei Q@ Ff SEAOAf AG& (G2 RSt AGSMNI ol f |
settlement for trades idirst done on the TSO balancing market between Aggregatorand the TSO, and

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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then2y ¢A12Qa LI} I i A@Egatorand thes SBsymesiipko8iding flexibility. The TSO
continuously acquires flexibility for the following wejdki 1].

Regardinghe hardware and software atonsumed Q & ATR&sSsysier iS composed by four main parts
(Figureb.3). Itincludes actors and sensors, the gateway, Frontend and Backend, in addition to setrexal
serviced141], which are as follows:

T

Actors and sensors The KBox is an essential device for controlling and measuring consumption from
appliances such as heat pumps, air conditioning and EV charging stations. Measured data is redirected
to the Backend to determine the state of the devigedahe control decision variablg¢$41], [144] The

K-Box is equipped with relays used to control the devices in an on/off manner and shift electric
consumption[145]. Consumers can also have sensors installed in their homes, such as temperature and
humidity sensor$146]

Gateway ¢ The KBox is connected to the Mox, to where it sends data though power line
communication. The MBox is an intermediate device that provides the Backend with data from-+the K
Box[141], [147]

Backendg The main functionality of Backend is the algorithm that determines control actions for the
connected devices. Control decisions are done by examining multiple parameters. Consumer comfort is
guaranteed not to go beyond a specific lifdid1].

Frontendg The Frontend offers several functionalities to thensumes. For instance, they can visualize
their historical consumption patterns via a web or smartphone application, or they can activate the Eco
mode to reduce energy consumption. Consumers can also be alarmed when unusual energy
consumption patterns are deteetl. Additionally, on€onsumercan benchmark its energy consumption
against other participants in the Tiko syst§id1].

Other systemg; Includes support service connected to the platform, such as rollout and installation
planning tools,Consumersupport portals, ERP systems, energy scheduling, capacity planning, and
operation cockpits for primary and secondary confdall], [145]

|m i Private Cloud

Actors and sensors Gateway Backend/Algorithms Front-end

Figure5.3 - Overview of the Tiko systeiiv5]
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The websiteand mobileapp provided by Tiko to th€onsumes are not thoroughly describedh the revised
documentationwith only a few detailsnadeavailable(Figure5.4). Stil, it is possible twerifythat they allow
eachConsumeto check themonetary savings achieved since they joined the platf@®e,in real time the
energy being consumed from the grid or from their PV panels, the energy being transferred fromBBES
and the energy being usetbr different purposes and by different devicés.g., boilers, heaters, smart
LJ dz3latemperature sensors are installed, information oosom temperatureis also presentedOther
additionalfeatures such a€£Eco Mode(to further increase energy savinghd changing heatinpodesare
also available on the website and ajig8], [149]

t'ko O Notitcatisns @ Settiags  INv  Legset e tiko Q
HAUS OLTIN
(<o Mo0t (,;/7) 7° Vendredi 25 novembre
Yesterday until the same time / co Mode activated for Activate ors
49AWR/ 5.9 kW 3626 hours Sthedvie (sercanons) Chambre
\—

16.5°

© e
A Boter o
"ww mw o o
s battery Somart plag o Enfants Couloir
38 TR ow ;
L2 17.0° | 19.2°
< Sistf eeieme CHF5,759.14 - . o N i

Total hame
W ¢
You dre mace elicient Affich
This is wh. cher plus
& Dis i3 what yes Pave saved since thae $2% of 28 the P
The iestatlation of tiea.
participants in the

commar ity

MODES
22 0MVICES 22 PV SLTTINGS

> Absence OFF % Hors-gel OFF
< (B3 osnenox > ( nw ) Semane Mo ro Solare, Domnicie, v & 4’ Boost OFF Wi Arrét Chauffage OFF
= B recimston Y /.
4% 300 'f’ ‘\ ’ CONSOMMATION ACTUELLE 0
Totat 292930 @ v y.
) Mois précédent Mois en cours
O Ataemy / : 510 kWh 270 kWh

Tatak 1267 4w @

Chambre / 50 kWh
C—

Cuisine / 100 kWh

Salon / 80 kWh
T———
Figure5.4 ¢ Tiko website and mobile app42]

The main value propositions offered by Tiko are an energy consumption analysis and a comparison with other
users, energy savings, comfort, remote control and enhanced security related to abnormal consumption
patterns and ensured by the alarming system, ebhifor instance, can help to detect device fail{td5],

[150]. Moreover, Tiko cooperates with utilities and vendors of heating devices. In doing so they stiength
relation with customes, potentially increasing customer retentiqa45]. Additionally, utilities can benefit

from the data provided by Tiko. Having cldgsereal time consumption data allows Tiko to make a better
identification and categorization @onsumes, improve forecasts and schedules. The collected consumption
data enables analysis of the operation of many devices spread out all over the country ifldé&tail

The main characteristics dfkoare presented imable5.5.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesseatlyhase of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Tableb5.5 - Main characteristics of the Tiko Platform

Platform type 9 Aggregator Platforn{137]
Location 9 Switzerland, Austria, Belgium, France, Gerniasy]
Sellers 1 Aggregated domestic consumers and small/medium enterprises provide flexibility tfl5iXo
1 Tiko provides flexibility to TSO
TSGQ ill i ke) 37
Buyers i (ancillary services market}37]
1 DSB[151]
Peak clipping152
Services T Peak clippingl52]

1 Primary, secondary, and tertiary control (in Switzerlgddpb]
1 Bectricloads ¢whichOF'y 68 RSt @SR 6AGK2dzi [EBILI OG 2
1 Heat pumps, electric heaters, night storage heaters, water boilers, air conditioning, EV ch
Resources/Assets stations[141], [150]
1 Sensors and actuators are used to control asgetd], [150]
1 Backend algorithms determine control actions for the connected deyictq
1 Resources wanting to join the ancillary services market must pasgualdication tests defined
by the TSQ145]

Bidding period 1 TSO continuously buys flexibility for the following w§kkl]

Pre-qualification

Negotiation & Market g _ - ! . oA L <AL ] N . . Cxa B A
Operation f¢e{hQa | yOAftflINER aSNWAOSa YINJSU o02dziaARS

1 First, settlement between TSO and Aggregator is done on the TSO balancing[fivétket

Activation & Settlement . A g A A . T A A . oA R P
fbSEUX asuuofSYSYyu 0SuUgSSYy UKS ! 33 NBI1402 NI

Proof of delivery 1 Baseline is established using data from Smart Meters
1 Payment from the TSO to the Aggregdtbd7]
Remuneration 1 Payment from the Aggregator to Consumgk87]

1 Pricing is based on market rules of TSO balancing seftRé&s

Solmatch isminitiative which began in 2020 and is promotedeéb$panisiRetailer Its purpose is to stimulate

and facilitate the production and trade of solar power between Consumers in low voltage levels in urban
areas Here, aConsumemvith a PV installatioracts ascroofer¢, supplying energy to other Consumevgno

are calledématcheis Gand must be within a 50@neter radiusof a roofer. The PV panels are provided to the
roofer via a Solar Power as a SeniBdd, meaningt is the Retailewho owns, installs and maiains the PV
systemq137].

The main functionalities of Solmatch include feasibility studies, design, installation and maintenance of the
PV plants and managing electricity supplied to households (solar power or grid power, depending on the
availability)[137].

The platform settles transactions based on the agreed tariffs betwikerRetailerand roofers/matchers.
The primary income for thiRetailercomes from monthly fees paid by matchers and the margins obtained
from the energy tariffs agreed with roofers and matchers. Roofers and matchers have a defined energy tariff
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contract withthe Retailer They agree on two different prices based on the source of the energy consumed:
solar or from the grid137].

Before signing up for this service, the platform hellmmsumes to understand the benefits of being part of
Solmatch and the different gelocalised communitiethey can join Once members of a solar community,
information on the best use of the service and environmental impact is provided through the web application
to encourage responsible behaviour as part of the energy transition trajhbg®], [154]

On a more technical sid§olmatch is described as providing a technological ecosystem that incorporates

multi-cloud integration, gegoositioningl Yy R R @ I

FyFfedaos

T2NJ GKS SELJM 2

all with endto-end integration between the stack of applications and services of the cloud ecosystem, and
the different backends such as SAP53].

Themost relevant characteristiasf Solmatchare presented imTable5.6.

Platform type
Location

Sellers

Buyers

Services

Resources/Assets
Pre-qualification
Bidding period

Negotiation & Market
Operation

Activation & Settlement

Proof of delivery

Remuneration

Tableb.6 - Main characteristics of the Solmatch Platform

1 Aggregator Platfornfil 37]

1 Spain[137]

1 Consumers (roofergp5]

1 Consumer (matcher$35]

1 Retailer[137]

1 Settle transactions betweethe Retailerand roofers/matcher$137]
1 Help Consumers to understand the benefits of being part of Solmatch and choose a comi

to join [137]

1 Informe members on the best use of the service and on environmental impact to encourag

behaviourqd137]

1 PV panel§137]6 LINE A RSR

0e

1 N/A (Consumers are not providing flexibility)

1 N/A (Consumers are not providing flexibility)

1 N/A (Consumers are not providing flexibility)

9 N/A (Consumers are not providing flexibility)

1 N/A (Consumers are not providing flexibility)

TwSiGl Af SNDa&

AyO02YS 02YSa

the energy tariffs agreed with roofers and match§t87]
1 Roofers and matchers have unique contracts, agreeing on different prices for solar enert

energy from the grid137]

GKS NBGFAESNI dAAy 3 |

FNRY Y2yiKie ¥FS¢

Piclg asoftwaredevelopment company, createthe Piclo Flex platformitis defined as an independent end
to-end marketplace thaassistehe procurement, operation and dispatch of short and laagn flexibility
[155]. It can support grid operators obtainingflexibility and use it to solve local grid issy&56], enabling
a more efficient usage of the existing infrastructure and reducing the need for reinforcefi@mks So far,
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it is available in five European countries, including the UK, Ireland, Portugal, Italy, and Lithuania, and also in
the USA155].

In short,Piclo Flex enables flexibility to be tradby offering grid operators a modularised service, which
includes procurement with Hmouse transaction clearing, auction facilitation, flexibility requirement visibility,
advertisement, assétcompany pregualification and credential certificatiofi38]. The platform is used to

issue flexibility needs based on the demand location so that the DSO can see qualifying assetaéhside
zone. The resulting map of competitors enables the DSO to source flexibility with regard to specific locational,
technical, and temporal requiremenf$37].

Tousethe Piclo Fleylatform, an FSBompanymuststart bycompleinga setof steps, describednext. First,
the FSBwill have tocreate a new account on the Piclo website. Here ythéll have to provideseveral
details including[157]:

Registered or legal name

Registered number (Companies House number or registered charity number)

Organisation website

Organisation emailUse a shared email address e.g., 'flex@company.com’)

=8 =4 =4 -4 -4

Country of registration
Then the FSBcan loginand start the qualificatioprocess, whicltonsists okeveral stepincluding[158]:

1 Gompany qualification

1 Asset qualification

1 Gompetition qualification

Once a FSP is registered on Piclo, the next step is to complete company qualification for each relevant DSO.

DSG@might require FS§to complete adynamicprocurementsystem application on Piclo Flex, a process also

known as company qualification, where Piclo helps £8@re-qualify FSPbefore a competition/tender

(i.e., flexibility marketppens To complete company qualificatipan FSP wibe requiredto provide several

details and supporting documentatioiihis process is split in 4 secti¢hS8]:

1 Organisation profile; The FSHas toprovide company registration details suchragistration number,
VAT number and legeatlationship with the assets.

1 Organisation statug The FSPnustanswer questions relatlto its historicand current financial status.

1 Auditing, insurance and legalThe FSRBubmitsa copy of audited financial accounts covering at least the
past2 years as well asnultiple insurance documents.

1 Declare and submit The FSP confirms the information provided is accurate and submits it.

With this information, the DSO reviews the application and decides whether to approve or reject the
application informing the FS#on the decision[158].

To qualify assetsthe FSB must upload their characteristicsinto the platform. That is done using a
spreacgheetwhose template can be found onlirfenly available to thoseho register into Piclo FIgxThis
procedure,which is described nexis full detailed if159]. When inputting a new asset into this template,
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FANRG GKS C{t Ydzad RSTAySa AGa a! aasSi adl ddzé
spreadsheet is filled. Essentially, there are 5 stat(is83]:

Plannedassets; Assets that are either speculative or not yet formalized.

In development; Assets that are in the process of being contracted, built, or installed.

Operationalg Assets ready to provide flexibility.

Mothballed¢ Assets no longeproviding flexibility but that can bebrought back online

=4 =4 =4 =4 =4

While din developmend and doperationa€ assets exist or have a clear development glgfanned assets
only exist theoretically or are speculative based on commercial developrivkEmeover, éplanned assets

denotea plan that is specific to a certain competition or zone, they can represent the intention to develop

one or several operathal assets and their existence might depend on the results of procurenid@g0].
That is adplanned assetcan be directly archivkif no contracts are warmeaning it will not even proceed
to the din development stage[161]. Theprogressbetweenassetstatuses is pictured iRigure5.5.

In
Operational - Mothballed -
Wins flexibility | Development| Upgraded Putasrde Terminated

contract v

Planned »  Archived
Asset Does not win flexibility contract -

Figureb.5 ¢ Progress between asset statuses according to fieleed orj160], [161]

If the assets being added afe2 LIS NJ-, Girid2wélbpinént or cmothballed, the FSREanmove to sheet
y dzY 6 S NJ HOperafidndl dn&DReveboping Assets this sheet there amaultiple datapoints to be filled
out for each asseby the FSPThey aralivided in 6 sectionfl59], and listedin Table5.7.

Archivedg Assetswhichare no longer needed can be removed or have their status changed to archived

Table5.7 ¢ Fields required toupload/a ¢ 2 LISNJ GA2Y I f €3 aAYy RSOBPAIBSEFH ¢ 2N aY2i

Asset Ref The reference you provide taniquely identify the asset in the system.
AssetName A human readable name used to identify the asset in the system.

Describes the status of the asset to let you promote future assets as well as :
Asset Status available now
GARSOSt 21LIYSyGé a2LISNF GA2yLfé aY2(OKol f
The general categorisation of the flex asset
Asset Category Ga02Nl 38¢ aSySNHe STFAOASyOeé¢ aRSYLyY

Basic GNBYS6Fot S¢ GOKSNYE T £

Details
Describes the speciftechnology type of the flex asset.

"battery" "fuel cells" "liquid air" "compressed air" "pumped hydro" "vehicle to gr
"energy efficiency" "vehicle charging" ‘"residential® "commercial" “industri
"interconnector” "nuclear" "gas carbon capture astbrage ccs" "biomass" "biomas
chp" "hydro" "tidal" "wave" "offshore wind" "onshore wind" "advanced conversi
technology act" "advanced conversion technology act chp" "anaerobic diges
"anaerobic digestion chp" "biogas chp" "biofuel" "geothermal cHfgndfill gas”
"sewage" "sewage chp" "solar pv" "waste" "waste chp" "combined cycle gas tul

Asset Type
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ccgt" "gas chp" "gas reciprocating engines" "open cycle gas turbine ocgt" "coal
"diesel reciprocating engines" "fuel oil" "coal" "gas" "diesel" "gas oil"

Voltage level at the point of connection to the network.

Voltage Level
"0.24" "0.40" "6.60" "11.00" "22.00" "33.00" "66.00" "132.00"

Country Code Used to provide th@pproximatelocation

The flexiblepower capacity, in MW, that an asset can export to the network (+M
active export capacity either by discharging a storage asset, turning up export of a generation asset, or tt
down the overall energy consumption of DSR asset.

Flexibility The flexible power capacity, in MW, that an asset can imfyorh the network (MW),
Details = active import capacity either by charging a storage asset, turnimyvn export of a generation asset, or turnin
up the overall energy consumption of DSR asset.

reactive exportcapacity =~ The capacity, in MVAr, that an asets to generate reactive power.
reactive import capacity =~ The capacity, in MVAr, that an asset has to absorb reactive power.

Describes where the asset is metered.

Point of Meterin . . .
g "terminals" meansehindthe meter and "boundary" means at the network connecti

Meter Interval The most granular metering frequency available.
Meter The unique identification of the export meter associated with this agset, MPAN).
. Metet ID Export . -
Details Leave blank if asset still in development.

The unique identification of the import meter associated with this aésgt., MPAN).
Metet ID Import . -
Leave blank if asset still in development.

Supplier Name of the energy supplier fthis asset.

The minimum time required for the asset to respond to a utilisation message.

Technical Response Tim
P If over 24 hours, prepend the duration with the number of days.

Maximum length of time that th@sset can sustain capacity.
Maximum Run Time . .
If over 24 hours, prepend the duration with the number of days.

Technical - : - _
Details o ) Minium length of time required to dispatch asset.
Minimum Run Time . .
If over 24 hours, prepend the duration with the number of days.

The timerequired by the asset to recover from one instruction until the next instruct
Recovery Time can be actioned (assuming full utilisation).

If over 24 hours, prepend the duration with the number of days.

Useful for helping the System Operator locate the agdetvever,it is not required if a

i Address Meter ID is provided.
Location
Details  Latitude If provided, used to accurately locate the asset.
Longitude If provided, used to accurately locate the asset.

Otherwise, fithe FSP wants to insertplanned assétil KS& Y2 @S (2 aKSSG ydzyoSNJ o:
Becauséplanned asets are managed differetty within PicloFlex theprocesgo add them is also different.

While doperationa€ anddin developmeng assets are added to the platform permanentydplanned asset

canonly be added when there is an activearketon PicloFlexandan FSRvantsto add prospective assets

into a live competition zone! lanbéd asseét must always be related to a live competition and
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consequentlyan FSP cannot adaldplanned assetwhichis not associated to a specific competition. Once a
competition is removed from Piclelex eachdplanned assetassociated with it will no longer be visible on
the map, however the FSP who created them can still see them in their existing asset dojd6R@jad

If adplanned assétwins a flexibility contract imustbe added to thedoperationaE and déin development

assets tablt will be added asin developmen{ until the assetis doperationa€, when the status should be

updated once morg¢l62]. Still,in the reviewed documentation about Piclo Fleisihot clear whahappens

if a gplanned assétwins a flexibilitycontract, but then its status nevereachestoperationak. To upload a
éplanned asset not asmany data points are required & G2 dzZLJX 2F R Fy G2LISNI GA2Y
GY20Kol f {l9Ras seertirfableb.s.

Table5.8¢CA St Ra NBIljdzA NBSR (2 dzLJ 2 [BE9]F &G LX I yySR | aasSis¢

Target Target Competition Reference oftie competitionfor which the FSP would like to qualify this asset
Competition  gystem Operator Name ~ Name of the local System Operator
Asset Ref A unique reference for this asset which will be used by the system
Asset Name A human readable name usedittentify the asset in the system.
Estimated AssetCount 9 &G AYlI GSR ydzYoSNJ 2F | aasSda T2N GKA3
Asset Statues Ly Ldzi FdzidzNBE [ aasSia & adnbveiyfrgnSiie systam

The generatategorisation of the flex asset

Asset Category Gai2Nr3S¢ aSySNHe STFTFAOASyOeéd aRSY
OFNb2y¢é¢ aNBySégloft S GiGKSNYITE
Describes the specific technology type of the flex asset.

Basic "battery" "fuel cells" "liquid air"compressed air" "pumped hydro" "vehicle to gric
Details "energy efficiency" "vehicle charging" "residential” "commercial” "industri
“"interconnector” "nuclear" "gas carbon capture and storage ccs" “"biomi
"biomass chp" "hydro" "tidal" "wave" "offshore windbnshore wind" "advancec
Asset Type conversion technology act" "advanced conversion technology act chp” "anae
digestion" "anaerobic digestion chp" "biogas chp" "biofuel" "geothermal c
"landfill gas" "sewage" "sewage chp" "solar pv" "waste" "waste chp" "coewi
cycle gas turbine ccgt" "gas chp" "gas reciprocating engines" "open cycle gas ti
ocgt" "coal chp" "diesel reciprocating engines" "fuel oil"* "coal" "gas" "diesel" '
oil"

Voltage level at the point of connection to the network.

Voltage Level
"0.24" "0.40" "6.60" "11.00" "22.00" "33.00" "66.00" "132.00"

The Planned Asset's capacity type.
Flexibility Flexibility Capacity Type = “active_import_capacity” “active_export_capacity” “reactive_import_capac
Details "reactive_export_capacity"

Capacity The capacity of the Planned Asset in MW or MVAr unit

The maximum time required for the Planned Asset to respond to a utilise

Technical Maximum Aggregate message.

Details Technical Response Time ) )
If over 24hours, prepend the duration with the number of days.
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Maximum Aggregate Run Maximum length of time that any of the planned DERs can sustain flexibility cap
Time If over 24 hours, prepend the duration with the number of days.

Minimum length of time that any of the planned DERSs can sustain flexibility cap.
If over 24 hours, prepend the duration with the number of days. Format:
HH:mm:ss

Minimum Aggregate Run
Time

The maximum time required by any of the DERSs to recover from one instruction
the next instruction can be actioned (assuming full utilisation). If over 24 hc
prepend the duration with the number of days. Format: DD HH:mm:ss

Maximum Aggregate
Recovery Time

Besides using the described spreadsheets to uplssets, it is also possible to do this viasARhich are
described irb.1.3.1 But it should be noted thast this point it is not cleamwhich of theDSOsising Piclo Flex
arealreadyusing these APJlsr which onesare still using spreadsheets.

Once thespreadsheets are completed, the Bpload them to the platformThen,successfullcreated
assetsshallautomaticallyappearin the dashboardbut they do not show as qualified until there is a live
competition that those assets fall intéfter the assets have been successfully uploaded, the FSP can view
them on thedashboardnap(Figure5.6). The blue dotabove the green ardaepresents an asset whictoes

not qualifyfor a live competition at that momenMearwhile the blue pi (inside the green area) represents

an asset that is quaiédd for a live competitior{i.e., allowed to participated in a flexibility markétp9].

To decide if an asset is qualified or ndtgre is an automatic qualification process completedhgyplatform

based on the following criterifl59]:

1 Geographic location: checks if the asset is withinlitbendariesof the competition.

1 Voltage level: checks if the asset is connected to compatible vdikagés.

1 Capacity: checks if the assétr & O2 Y LI GA6fS OF LI OAGE F2N GKS vy
LYLR2NI €O

1 Date: checks if the asset is being uploaded beforegtnification process deadline.

1 Company qualification: checks if the FSP has been approved on the company qualification process.




D1.2¢ Framework for a flexibilitgentric energy
and crosssector value chain, Business Use C:
and KPlIs definition

Dissemination levePU

Q
¢ e < Edinburgh Castle

5 May 2022 10:00 8 Jun 2022 18:00

Competition open Competitien close

Competition reference Edinburgh Castle
Status Add assets
Qualificotior cioee 29 Apr 2022 16:00
;“"'»m e Power type Active power
Need type Pre Fault
Edinburgh Product type Sustain

g - Need Generation turn up / Consumption

1kV-33 kv
System Operator 2

Availability Utilisation

£5,000.00 - £6,000.00

Yearly budget

£10.00/MW/h £100.00/MWh

Availability guide price Utilisation guide price

Figureb.6 ¢ View of qualifying andon-qualifying assets in a Piclo Flex competi{ib59]

By selecting a negualifying asseit is possible to see the reason why that asset is not qedl{e.g., the
asset is too far away from any competition, or its voltage level is incompatible with any of the live
competitiong [159].

A prequalification questionnairgPQQ)is also mentioned in Piclo websitand is goal is toprovide
additional informationabout qualifying assets to the DS Each DSO has its own QPP, ttmesstructure of
this questionnaire is nadtandard and notlescribed by Picldstill,it is possible to findin example of #£QQ

in [163], which ighe used bya British DSQUKPNL. Some of the information required on this PQQ includes:
1 Gompany details

1 Hexible asset details

i1 Aggregated: Y/N
i Type of connection: demand, generati@iemand,and generation, mixed
i Technology typesgeTableb.7)

1 Baseline methodologyecent history baseline, last observation baseline, otlulogen anddescribed
by the FSP)
1 Dispatch communication methodologgPI, emdi

Further information about thiexactPQQ is available [164].

FSBwho completed theprevioussteps i.e., company qualification and assets qualificatimove on to the
last qualification step, which is competition qualificatidinis stage is meant to ensure that the FSP intentions
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are known by the DS®lence, in this last step]l&aSBwith assets which have been qualifietlist confirm

entry or withdraw from each qualifying competition to complete the qualification process, and then be

eligible to place bidByconfirmingtheir entry into a competitionthe FSPs arsendng a signal to the DSO

that they intend to bid There are 4 statuses possié@hin competition qualificatiorj165]:

i Entered: an FSP confirms they intend to bid into a competition

i Withdraw: an FSP is withdrawing from a competition

1 Unknown this is the default status if neither of the abowptionsare chosen

i Ineligible this is the state when the asset datanotcomplete,or the assetslo notmeet the required
aggregate capacity.

The dashboard of Piclo Flex where competittatues are displayed is shownRigure5.7.

< Qualification Confirm entry status View qualif

|4

QA

Confirm entry status

Complete asset data
Update which competitions you are interested in proceeding with:

Select/Deselect all 1undecided | 1 entered | 1 withdrawn

System  Qualifying Meetrequired Assetdata  Qua
Operator  assets aggregate completed  close

Entry status Competition name
6-have-data JoshM SOt 3 Yes

6-have-data JoshM SO1 2 Yes Yes in 3 days

have-data2 JoshM SOt 2 Yes Yes in 3 days

Figure5.7 ¢ Piclo Flex dashboard displaying competition entries statfi€és

FSB must confirm entry to, or withdraw from, a competition before tlmrrespondingcompetition
gualificationends Besidesif they donot confirm entry to, or withdraw from, a competition, they will not be
able to continue with the competition procegdnce qualification is completed, ES¥ho were accepted and
had assets qualifiedanbid into the competitions they were qualified §d65]. This process is described next.

The data requested when submitting a bid inclaflE56]:

1 Capacity (MW)Confirm the amount of MW the bid is for. This value cannot be above the lowest of either
the qualified capacity value or the amount needed by the buyer.

1 Maximum Runtime (D HH:MM:SE&pnfirm the time that the submitted capacity can run for. This can be
any value according to the technical capability of the asset(s) making up the bid.

1 Availability (E/MWI/h) A price for being available during the service window hours owdetermined if
price is fixed bypSG. Dependent on type of competition.
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i Utilisation (E/MWh) A price for dispatching the capacity on receiving a dispatch notification or pre
determined if price is fixed bPSG. Dependent on type of competition.

1 Service (EIMW)Asingle, flat fee for providing the capacity submitted across the whole service window,
or pre-determined if price is fixed by DS@ependent on type of competition.

On a side note, all the competitions currently live on Piclo Flex are pay.addriebver, bidding can be done
via fileor via AR (still in development, according to the most recent informatifi6].

PiclooffersDSEi KS (i22f a (2 &adK2¢ adz23SadGSR LINAtOHely BSBPEnNI WLIN.
their pricing strategies. According to the strategies used bysp®@re are different pricing signal data
options[167]:

T Maximum and minimum budget (Ethese ranges are assigned per competition per year

1 Availability guide pricing (E/MW/h or £/MVAr/Rlused as a guide to help E3Rice availability bids

i Utilisation guide price (E/MW/h or £/MVAr/hused as a guide to help F§Rice utilisation bids

1 Service fee (E/MW/h or EIMVAI/IMF Yy dzt £ FSS LI AR F2NJ OF LJ OAde & |

If pricing signals anprovidedby a DSO they can be seen on the 1figY], as seen ifrigure5.8.
_B Example Competition

1Jan 2023 14:00 31 Jan 2023 14:00

Competition open Competition close

Status Add assets
Qualification close 16 Dec 2022 15:00
Power type Active power
Need type Post fault
Product type Secure

Need Generation turn up / Consumption
direction turn down
Connection 04 kV-11kV
Buyer Test System Operator
vvvvvv Competition type
DPS Referencg

Availability Utilisation

£5,000.00 - £10,000.00

Yearly budget
£10.00/MW/h £100.00/MWh
. . Availability guide price Utilisation guide price,

WI7/18 - Weekday Evening

uuuuuuu

Figure5.8 ¢ Piclo Flex dashboatdghlightingpricing signal®f a competition[167]

Once the DSO ha®nfirmed all bid results of a certain competition, PiElexnotifies all the participating
FSRB. This message includes prompts to view the results (i.e., which bids were accepted and rejeotad)
this point onwardsall the acceptedidsare deemed as contractual obligatiofi$8].

Regarding pricesn169], [170]it is succinctly described homDSCusingPiclo Flex calculates a celling price
for flexibility using a methodology and tool designed hgigyNetworksAssociation (ENAThis ceiling price
indicates the optimal deferral value where flexibility serviaescheaper than traditional grid reinforcement
andrelieson manyinputs includingQustomer Interruptions (Cl) Qustomer Minutes Lost (CML), Weighted
Average Cost of Capital (WACC), discount rates, losses value, carbon prices, cost per injurgfidtality
inflation rates [171]. THs ENA methodologynamed ENA ONP CEBIthoroughly described if172], while

the tool, implemented using spreadsheet, is available [bh73]and explained ifil74]. Moreover, in[169],

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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[170]it is summarized a methodology to guide E8®P how to calculate their utilisation and availability ®id

based on the defined celling price. However, bidding bellow the celling pricendbescessarily guarantee

0KIFIG GKS adzoyiaairzy oAttt o6S | OOSLIWSR yR:E 02y @SN
submission will be rejected, it just has a decreased likelihood of being accepted.

This completes the description on how E&&n qualify and submit bids. Nonetheless, it is still important to
describe how competitions work and how flexibility is required or defined.

EssentiallyPicloFlexsupports4 flexibility products[175]:

1 Sustain The DSO procures, ahead of time, a-ageeed change in input @utput over a defined period
to prevent the network from going past its capacity.

1 Secure The DSO procures, ahead of time, the ability to access-agyeed change in FSP input or output
based on network conditions close to reghe.

1 Dynamic The DSO procures, ahead of time, the ability of a FSP to change its output following a network
issue

1 Restore- Following a loss of supply, the DSO instructs a FSP to either remain off supply, to reconnect
with lower demand, or to reconnect and supply generation to support increased and faster load
restoration under depleted network conditions.

The definition of these products changamong DSO9167], as further clarified in Sectiof.2, where
flexibility products are reviewed.

When a DSO is creating a competitiarthis platform it mustinput the followinginformation[176]:

1 Power Type:

1 Active Power
I Reactive Power

1 Need Type:

Post Fault

PreFault
Reinforcement Deferral
Compliance

Other

= =4 4 -4 -

9 Need Direction:

Deficit (Active Power)
Excess (Active Power)
Import (Reactive Power)

= =4 4 -

Export (Reactive Power)

1 Product Type:
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Sustain
Secure
Dynamic

= =4 4 -

Restore
9 Connection kV:

1 0.24,0.46.6,11, 22, 33, 66, 132
1 Competition Type

1 Availability & Utilisation
i Utilisation

1 Service Fee

1 Capacity

1 Fixed Price Competition

T True
1 False

1 Public Holiday Handling

9 Include
91 Exclude

1 BoundariesBounding area of the competition

1 Service windowsAllows the DSO to populate details of the flexibility service associated with the
O2YLISGAGAZ2Yyd { SNBAOS 4AYyR264& NB aSi 6A0GKAY &SN
HAHNQ OFNRY wmad ! LINAE wnwun dzy (dyfmoraing ikdow o3 2:08S Y 6 S N.
11:00 Monday Friday and a weekday evening window 18¢@P?:00. There is no limit to the number of
service periods or service windows a competition can have.

Regarding the platfornmterface the manner through which competitions are listadd presentedn Piclo
Flex isshownin Figure5.9.
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Q Procurar

Competitions

110A LOANINGHILL RD
I years left

26 CASTLE AVENUE
I years left

ABATTOIR
L years left

ABBOTSFERR
ABBOTSHILL
L years left

ABERGELE - PENSARN
I years

ABERGYNOLWY
ABERSOCH
L years left

ABERYSTWYTH - RHYDLYDAN
I years left

° Belgium

Amiens

Luxemba
@ mapbox . o M&EBEE OpenStreetilap, Improve this map

Figure5.9 ¢ Piclo Flex showing a list of competitions available in th§l@K

After selecting one of those competitions, addition#brmationis shown, as seen ifrigure5.10. For each
competition,the following details are liste[.76]:
Competition reference

Status(e.g.,add assetssubmit a bid
Quialification close

Power type:

Need Type:

Product type

Need direction

Connection voltage level

Buyer

Competition type

= =4 =4 =4 -4 -4 4 -4 -4 -4 -

DPS reference

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Yy TI0A LOANINGHILL RD
le
§ E—
‘ Competition reference V23S_SPDLV_513
*® %, )
- ‘ Status Add assets
" ’ ‘ Qualification close 31Dec 2027 12:30
“' Power type Active power
“‘ Need type Reinforcement Deferral
"‘. Product type Sustain
Need Generation turn up / Consumption
direction turn down
Connection 0.2% kV - 0.4 kv
Buyer SP Energy Networks
Competition type
DPS Reference SPEN_DPS_2020-28
Qualifying assets
None
@ @ Mapbox @ OpenStreetMap Improve this map

Figureb.10¢ List of details related to competitions available in the[UK7]

Beside these detailsor each competitionjt is also shown a list of all time periods when a competition
requires flexibility (in the example displayedRigure5.10 there is only Iservice windowweekdays from
2027 to 2028) but in other competitions there are multiple time perigdéor each service window, the
following details are given, as seerFigure5.11:

Contract start

Contract end

Time required

Days required

Estimated utilisation events

Estimated utilisation duration/event

Estimated hours utilisation

Total need (MW)

Minimum aggregated asset size

Minimum run time

= =4 =4 =4 -4 -4 4 -4 -5 -4

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Connecticn 0.24% kV - 0.4 kV

Buyer SP Energy Networks
'l.
Competition type
le
. “ DPS Reference SPEN_DPS_2020-28
. s ” 27_28 - Weekday
. - :
LY 52 hours ave
’0” 1 November 2027 31 March 2028
“‘ Contract start Contract end
‘ NN—_20N- . o999 0CCH
» 16:00-20:00 » 000000
Time required Days required
. VESt, Est. utilisation Est. hours
utilisation ) I
duration / event utilisation
svents
30
0.009 0.01 MW :
MW Min. aggregate asset mlns
Total need size M”_-L run
time
Qualifying assets
v
o None ?
@ © Mapbox @ OpenStreetMap Improve this map

Figureb.11 ¢ Details ofa specific service window otampetition in the UIRL77]

Once a competition is closed, and assuming bids were received, the DSO chooses which bids to accept. This
can be done either within the platform or through a procurement system owned by the DSO. Regarding
activation and settlement, this is conducted by D80 outside the Piclo Flex platform, with manual dispatch
instruction and activatior{138]. Still, and acording to [164], settlement A®tan used to simplify the
integration of metering and invoicing systembut this seems to still be under development, aatl this

point, it is not cleaiwhetherthese AR are alreadybeing used.Moreover, flexibility delivery is performed

by the DSO in a manual validation process using meter data [132]. The baselines shall be defined using
representative historicadata and are provided by FSR8&3].

The main characteristics of Piclo Flex platform are summariZédhe5.9.

Table5.9 ¢ Main characteristics of the Piclo Flex platform

Platform type 1 Flexibility Market Platfornjl55]

Location 1 UK, Ireland, Italy, Lithuania, Portugal, J825]

Market structure 1 Onesided market (single buy¢t37], [156)

Trading type 9 Auction based156]

Price computation 9 Payashbid [156]

Market type 9 Energy and capacif{56]

Buyer 1 DSG[137]

Sellers 1 AggregatorsPER Owney; large consumers, EV, and generafaB¥]

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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1 Congestion Management for DS@hortterm and longterm [137], [156)
1 Voltage contro[137]

Products/Services 1 Observability over available flexibility/56]
1 Standardized: Sustain, Secure, Dynamic, Dispatch
9 Batteries[137]

Resources/Assets E E\a/\scziﬁtlansg(?vl\?et[f—;generators, CHP systems, wastgower systems, wind farnid37]
9 Demand Side Respongk37]

Pre-qualification 9 Done by the DSO, using information stored in the platfitii8]

Aggregation 9 Aggregation is allowef 56]

Bidding period 1 Tenders are organized with a letithe of 6 months or mor¢l37]
gp 1 Contract duration can go from a few months to 4 ygaiy7]

Negotiation & Market 1 Within-platform: sellers submit bids and the DSO chooses which to accept either within pla
Operation or through own procurement systefi38]

1 According td138], activation and settlement is conducted by the DSGpttform

1 According td138], manual dispatch instruction and activation by the DSplaffform

1 According td179], settlement AR are used to simplify the integration between metering a
invoicing systems

Activation & Settlement

1 Off-platform: DS@&ed manual validation process using meter dgitas8]
1 Baseline is established using representative historical [dat8]
9 Dispatch payment (E/kWHL37]
Remuneration 1 Availability payment (£/kW/h}137]
1 Dispatch and availability payment (E/kWh + £/kW[h37]
TSGDSO coordination 9 TSGDSO coordination is not considerfidb6]

Integration with other
markets or platforms

Proof of delivery

1 Runs separately from the existing electricity marka&y7]

By examining Piclo Flex ARlescribedn[180], it was possible to obtain a mocemprehensiveinderstating
of the data being exchange between the KSkhe platform, and the DSOThe gathered information is
summarized next~or complete description of the APIs, readers are referrd 80].

The AF are meant to enable software integration with the Piclo Flex platform, allowing participants to
automate processes, reduce errors, and scale faster. Multiple &Bhlreadyavailable for both FSRand
DSG@, with more resourcestill beingdeveloed. The main functionalitiethat have been implemented so
far are depicted irfFigure5.12. Piclo Flex ABfollow REST API conventions and use JSON formidag

To have access to Piclo Flex APE&Rnust contact the support servicddn FSRvho is found to be eligible

is provided withthe followingcontent[180]:

1 Provider IDdzy A lj dzS ARSYOGATFTASNI F2NJ 4GKS C{tQa 2NHIYyAAal
1 ClientiDARSYGATFTASNI F2NJ I YI OKAYS dzzaSNJ ONBFGSR F2NJ
1 API| Key secret key to authenticate this Client ID
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Once an FSP has access tgalaéform AP, itcanperform a set ofictions,includngcreating/ updatingassets,
submitting bids, and receiving dispatch instructiodssetsare divided in categories and typesn asset's
category mustlwaysmatcha certaintype, as represented iffable5.10[180].

storage
energy_efficiency
demand_side_response
interconnectors

low_carbon

renewable

thermal

Table5.10 ¢ Assets categories and typHEs0]

battery, fuel_cells, liquid_air, compressed_air, pumped_hydro, vehicle_to_grid
energy_efficiency

vehicle_charging, residential, commercial, industrial

interconnector

nuclear, gas_carbon_capture_and_storage_ccs

biomass, biomass_chp, hydro, tidal, wave, offshore_wind, onshore_wind,
advanced_conversion_technology_aatlvanced_conversion_technology_act_chp,
anaerobic_digestion, anaerobic_digestion_chp, biogas_chp, biofuel, geothermal_chp, landfill_ge
sewage, sewage_chp, solar_pv, waste, waste_chp

combined_cycle_gas_turbine_ccgt, gas_chp, gas_reciprocating_engines,
open_cycle_gas_turbine_ocgt, coal_chp, diesel_reciprocating_engines, fuel_oil, coal, gas, diese
gas_oil

In a similar manner to what was described befor® cteate a newflex assetwhose statues is either "in
development", "operational”, "mothballed”, or "archivedthe FSP mustendthe platformthe information
indicatedin Table5.11.

provider (required)

ref (required)

name (required)

status (required)

asset_categoryrequired)

asset_type(required)

Table5.11 ¢ Create a nevilex asset: request body schefi&0]

string 7 character$[a-zAZ09|{7}$
Your Flex Provider ID as provided by Piclo Flex.

string <text>[ 1 .. 36 ] characters 4&Z09]{36}$

The reference you provide to uniquely identify the asset in the system.

string <text> [ 1 .. 80dharacters
A human readable name used to identify the asset in the system.

string

Enum: "in_development" "operational" "mothballed" "archived"

Describes the status of the asset to let you promote future assets as well as assets available ni

string
Enum: "storage" "energy_efficiency” "demand_side_response" “interconnectors" "low_car
"renewable" "thermal"

The general categorisation of the flex asset.

string
Enum: "battery" "fuel_cells" "liquid_air" "compressed_air" "pumped_hydro" "vehicle_to_g
"energy_efficiency" "vehicle_charging” "residential” “"commercial" "i B

industrial* "interconnec
"nuclear" "gas_carbon_capture_and_storage_ccs" "biomass" "biomap$ "blgdro” "tidal" "wave"
"offshore_wind" "onshore_wind" "advanced_conversion_technology_&
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voltage_level(required)

country_code

connection_status

operational_date

connection_type

connection_current

erec_compliance

active_export_capacity

active_import_capacity

reactive_export_capacity

reactive_import_capacity

max_import_capacity

max_export_capacity

response_time
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"advanced_conversion_technology_act_chp" "anaerobic_digestion" "anaerobic_digestion
"biogas_chp" "biofuel" "geothermal_chp" "landfill_gas" "sewage" "sewage_chp" "solar_pv" "wi
"waste_chp" "combined_cycle_gas_turbine_ccgt" "gas_chp" "gas_recipnocangines”
"open_cycle_gas_turbine_ocgt" "coal_chp" "diesel_reciprocating_engines" "fuel_oil" "coal" '
"diesel" "gas_oil"

Describes the specific technology type of the flex asset.

string
Enum:"0.24" "0.40" "6.60" "11.00" "22.00" "33.00" "66.00" "132.00"

Voltage level at the point of connection to the network.

string <ise3166-1>
ISO 3166L Designation of the country the asset is located in.

string or null
Enum: "planned" "submitted" "accepted" "energised"
Describes the status of the asset's connection with the network.

string or null <date> YY¥i\mn-dd
The date from which the flex asset was operational.

string

Enum: "long_term_parallel" "short_term_parallel" "timed" "flexible" "standby" "other" "n/a

Describes the type of connection the asset has with the network.
string
Enum: ll<:16_all |I>16_all lln/all nn

Describes the current pgrhase of the asset's connection with the network, either below or above
A. Specify 'N/A' for planned assets where this is not yet known.

string <text> <= 200 characters

Describes the compliance status of the asset's connection, in accordance with the appi
Engineering Recommendation for its size and type. Specify 'N/A' for planned assets where thi
yet known.

string or null"[G9]{1,15}{.[0-9]{1,20})?$

The flex asset's maximum flexildapacity for exporting active power to the grid.

string or null"[69]{1,15}{.[0-9]{1,20})?$

The flex asset's maximum flexible capacity for importing active power from the grid.
string ornull"[0-9]{1,15}{.[0-9]{1,20})?$

The flex asset's maximum flexible capacity for exporting reactive power to the grid (lead).
string or null"[G9]{1,15}{.[0-9]{1,20})?$

The flex asset's maximum flexible capacity for importing reactive power from the grid (lag).
string or null*[G9]{1,15}{.[0-9]{1,20})?$

The maximum import capacity the asset can draw down from the network.

string ornull"[0-9]{1,15}{.[0-9]{1,20})?$

The maximum export capacity the asset can provide the network.

string or null*([29] )?([G-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]%

The minimum time required for the asset to respond to a utilisation message. If over 24 hours, pr
the duration with the number of days.
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max_runtime

min_runtime

recovery_time

metering_point

meter_interval

supplier

address

latitude (required)

longitude (required)

export_meter_id

import_meter_id
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string or null*([29] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$

Maximum length of time that the asset can sustain capacity. If over 24 hours, prepend the du
with the number of days.

string or null*([29] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$

Minium length of time required to dispatch asset. If over 24 hours, prepend the duration witt
number of days.

string or null*([29] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$

The time required by the asset to recover from one instruction until the next instruction ca

actioned (assuming full utilisation). If over 24 hours, prepend the duration with the nhumber of d;

string

Enum: " "boundary" "terminals"

Describes where the asset is metered.

string

Enum: " |ISSII Ilmmll llhhll

The most granular metering frequency available.

string <text> <= 80 characters

Name of the energy supplier for this asset.

string <text> <= 200 characters

Used to provide the approximate location. Either a 'meter_id' or an 'address' value must be pro
number [-90.. 90 ]

If provided, used to accurately locate the asset.

number [-180 .. 180 ]

If provided, used to accurately locate the asset.

string <text>[ 13 .. 30 ] characters

The unique identification (MPAN) of tlexport meter associated with this asset. Leave blank if a
still in development.

string <text>[ 13 .. 30 ] characters

The unique identification (MPAN) of the import meter associated with this asset. Leave blank i
still in development.

After sendinghis information the FSP receives a respoffigen the platform If something is wrong the FSP
receives arerror code 400 invalid inpuk If the creation of the asset is successful the FSP reaeivessage
which, besides including the same information provided by the FSHpealsdesan|Dassigned by Piclo Flex
for the newasset After creating assets, FSP are able to retrieve them, update thdimdihem by 1D[180].

It isalsopossible to creat@lanned assetssing the ARI[180]. For that the FSP must provide Piditexthe
information specifiedin Table5.12.
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provider (required)

reference(required)

name (required)

capacity_type(required)

capacity_valugrequired)

competition_reference
(required)

estimated_asset_count
(required)

voltage_level(required)

asset_type(required)

maximum_response_time

maximum_runtime

minimum_runtime

maximum_recovery_time
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Table5.12 ¢ Create a nevplannedasset: request body scherfie80]

string 7 characters[a-zAZ09K{7}$
Your Flex Provider ID as provided by Piclo Flex.

string <text>[ 1 .. 36 ] characters 4#&Z09]{36}$
The reference you provide to uniquely identify the asset in the system.

string <text>[ 1 .. 80 ] characters
A human readable name used to identify the asset in the system.

string

Enum: "active_import_capacity" "active_export_capacity" "reactive_import_capac
"reactive_export_capacity"

The Planned Asset's capadijpe.

string”[0-9]{1,15}{.[0-9]{1,20})?$

The capacity of the Planned Asset in MW or MVAr unit

string <text> <= 40 characters 2f&Z09]{40}$

The System Operator defined unigigentifier for a competition.

integer <=5 characters [ 1 .. 10000 ]
Estimated number of assets for this Planned Asset.

string
Enum: "0.24" "0.40" "6.60" "11.00" "22.00" "33.00" "66.00'32.00"
Voltage level at the point of connection to the network.

string

Enum: "battery" "fuel_cells" "liquid_air" "compressed_air" "pumped_hydro" "vehicle_to_g
"energy_efficiency" "vehicle_charging" "residentidltommercial” “industrial" "interconnector"
"nuclear” "gas_carbon_capture_and_storage_ccs" "biomass" "biomass_chp" "hydro" "tidal" "v
"offshore_wind" "onshore_wind" "advanced_conversion_technology_&
"advanced_conversion_technology_act_chp" "anaerobigestion" "anaerobic_digestion_chf
"biogas_chp" "biofuel" "geothermal_chp" "landfill_gas" "sewage" "sewage_chp" "solar_pv" "w:
"waste_chp"  "combined_cycle_gas_turbine_ccgt"  "gas_chp"  "gas_reciprocating_enc
"open_cycle_gas_turbine_ocgt" "coal gth"diesel_reciprocating_engines" "fuel_oil" "coal" "ga
"diesel" "gas_oil"

Describes the specific technology type of the flex asset.

string or null([19] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]%
The maximum time required for the Planned Asset to respond to a utilisation message. If o
hours, prepend the duration with the number of days. Format: DD HH:mm:ss

string or null([19] )?([G-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]%
Maximum length of time that any of the planned DERs can sustain flexibility capacity. If over 24
prepend the duration with the number of days. Format: DD HH:mm:ss

string or null([19] )?([G-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]%
Minimum length of time that any of the planned DERs can sustain flexibility capacity. If over 24
prepend the duration with the number of days. Format: DD HH:mm:ss

string or null([19] )?([G-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]%
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The maximum time required by any of the DERs to recover from one instruction until the
instruction can be actioned (assuming full utilisation). If over 24 hours, prepend the duration wi
number ofdays. Format: DD HH:mm:ss

string <= 80 characters

Enum: "Electricity NorthWest" "NIE Networks" "Scottish and Southern Electricity Networks"

operator_name(required) Energy Networks" "UK Power Networks" "Western Power Distribution"”

Name of the System Operator for whom the Competition belongs.

Once all the qualification procedures described before are completetithe assets are created, the BSP
can place bidsising theAPk. This enables FSB handle bid submission and to create a ballot to bid into
the competitions it is qualifiefbr. Aballot is a representation of a group of bids thatSP submitted for a
givencompetition. Allbids should be submitted together forcampetition, covering akervicewindowsthis
FSBwishesto bid into. Ifthe FSRvantsto re-submit abid for a specificservicewindow, it needsto include

all the otherbids for thatcompetition in the requestas well, and oly the It submitted ballot will be
consideed[180].

Bedsides, larates corresponding to the service window's parent competition type must be supplied. For
instance, for a service window which belongs to an "Availability and Utilisation" competition, both an
availability and utilisation rate must be supplied, whilseavice fee rate shall not be indicatgtBO0].

When submitting a ballot for a competition, if no assets are explicitly specified, all tkea@sSEts (including
planned assets) that qualify for the specified competition are included in the service window bids. Otherwise,
the FSP can opt to specify precisely which assets to submit in a ballot. Assets are associated at the ballot
level, that is, his set of assets are for all bids in the baJk80].

If a competition already has a ballot submitted against it with a different set of assets, submitting a ballot will
not be allowed. | this case, if the FSP wishes tsutamit a ballot, it must use the same set of assets stated

in the previous ballot. Atakt, by submitting a ballot, the FSP agrees to adhere to the DSO rules for this
competition[180]. To create a ballot using the API the FSP must provide Piclo Flex the information specified
in Table5.13.

Table5.13 ¢ Create a ballot: request body schefi&0]

string <text> "[azAZ09|{7,12}$
competitionld (required) . . - . I
Internally-generated unique identifier for the Competition to bid into.
string <text>[ 1 .. 36 ] characters 2f&Z09]{36}$
bids (required) . . . . .
The reference you provide taniquely identify the asset in the system.
9 service_window_id string <text> NazAZ09]{7,12}$
(required) The service window that this Bid is for
string <decimal (5 d.p.)> M@J{1,9}{.[0-9]{1,5})?%
9 capacity(required) Offered Capacity iMW/MVar. This should be equal to or less than the required need of the se
window.

Il E’r‘:(’]‘l]rr‘;gt)'me string <duration> A(?:[®]{1,8}?T)?([01]?[®]|2[0-3]):[0-5][0-9]:[0-5][0-9]$
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Maximum length of time that you can make the Bid capacity available for. Format: DDTHH:mn

Array of objects (OfferPost) neempty [ items ]

T rates (required) Offered Rate for this Bid.

string
. Enum: "utilisation" "availability" "service_fee"
o type (required) : . L : y
The type of service for which the Rate is bedfigred. Supply values for corresponding Competiti

type only- for example, supply utilisation only for Utilisation Competition type.
string <currency decimal (2 d.p.)> “®]{1,8}?[.][69]{0,2}$

o value(required
(req ) Value of the Rate Offer i{£/MW/h) for the corresponding competition type service windows.

object (FPBallotAssetsPost)
assets Optionally specify which Assets you wish to bid with. If none are passed, all qualified Assets
Competition will be used in this Ballot.

Array of strings <text> neampty

flex . . .
1 Your Flex Assets associated with this Ballot.

Array of strings <text> neempty

lanned . . .
Tp Your Planned Assets associated with this Ballot.

Figureb.12is a sequence diagram whitttendsto show the interaction between FS&nd the platform and
between the platform and DSising the API. Still, it should be noted that aditthe AP$ available might

be presented in thigliagram, since some are still undergoing development. Hence, the author refer the
readers to[180] in order to obtain a more comprehensive description of the APl and to check potential
updates and added functionalities.
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Get access |

Requests access

“Provider ID", “Client ID", “API Key”

4

Create new Flex Asset I Request

Response: “201 Created” or “400 Invalid Input”

'
<
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Retrieve Flex Assets |

Request o

Response: “200 Successful Operation”

<

Update Flex Assets |

Request

P Response: “201 Created” or “400 Invalid Input”

Find assets by ID |

Request

_ Response: “200 Successful Operation” or “404 Asset Not

Fojuned
T~ OHfG

Create new Planned Asset I Request

! Response: “201 Created” or “400 Invalid Input”

1
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4

Retrieve Planned Assets |

Request

P Response: “200 Successful Operation”

Update Planned Assets | Request

h S

: esponse: “200 Successful Operation” or “400 Invalid Input”

Find Planned Assets by ID ‘ Request

 Response: "200 Successful Operation” or “404 Planned Asset Not
had Found”
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Create a Ballot |

Request

A

Response: “201 Created” or “400 Invalid Input”

A

Retrieve bidding opportunities
" € OpP ‘chuest

) 4

Response: “200 Successful Operation”

dxT

Find competitions by ID I

Request

Response: “200 Successful Operation” or “404 Competition Not
« Found”

Receive dispatch instructions
— P ! Request

&

: Response: “201 Request handled successfully”

B 1, J

Fetch dispatch instructions |

Request

A 4

Response: “200 Successful Operation”

4
<

R

Find dispatch instructions by 1D ‘
' Request

4]

i‘Respunse: “200 Successful Operation™ or “404 Dispatch Instruction Not Found”
&

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Retrieve Bids from a competition \

< Request

Response: “200 Successful Operation”

Create bid decisions

< Request
Response: “201 Created” or “400 Invalid Input” o
Retrieve bid decisions | Request

'
4

Response: “201 Created” or “400 Invalid Input”

Update a bid decisionsl

Request

)

Response: “200 Successful Operation” or “400 Invalid Input“;

Find a bid decision by ID | Request

Il

Response: “200 Successful Operation” or “400 Invalid Input“_i

Create a new competition |

< Request

Response: “201 Created” or “400 Invalid Input”

Retrieve competitions |

> Request

Response: “200 Successful Operation”

A A

Find competition by ID |

— Request

|‘

Response: “200 Successful Operation” or “404 Competition Not
Found” >

Update a competition
*p—p‘ Request

[
&
'

Response: “200 Successful Operation” or “400” or “404"

Cc?zfirm competition results } Request
' Response: “201 Created” or “400” or “404” ’5
Crle‘ate a dispatch instruction ‘ Request
' Response: “201 Created"” or “400 Invalid Input”

Fetch dispatch instructions |

> Request

Response: “200 Successful Operation”

Find dispatch instructions by ID |n

Request

'd
[l

1 |
ERespDnse: “200 Successful Operation” or “404 Dispatch Instructions Not Foung:i
i Lgl

Figure5.12 - Piclo Flesequence diagrartbased or{180])

Flexible Power emerges from a joint initiative between several Britists. D&8®@Dbjective is to offer a single
point of information concerning flexibility needs, allowing &®R/iew flexibility locations, requirement data
and procurement notices issued by JMB1]. The developers of Flexible Power created an end to end
process to deal with the procurement and operation of flexib[lii§2], as seen ifrigure5.13.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesgzoilyhese of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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Overviewof the Endto End Flexibility Process, including applicationof current support systems

& &2l contrACT & e Fo &
REQUIREMENTS f| PROCUREMENT | MANAGEMENT [ FORECASTING DISPATCH SETTLEMENT

Identification and Co- Issue & manage General Month/week ahead Monitoring service Verification of
ordination of flexibility tenders and contract/account forecasting of availability, co- utilisation, reporting
Flexibility competitive management network constraints ordinating dispatch and financial
Requirements & procurement process, including; planned and flexibility notifications, and settlement of
counterfactual pricing bid-acceptance & assets, primacy rules utilisation. managing utilisation services provided
based on network contract award and bilateral of services.
constraints. agreements
D e e Y g
Engineering p H Nl .
. Flexible Power
® e piclo sia

Figure5.13 ¢ Overview of the implemented end to end flexibility pro¢#82]

Thegridflexibility requirements are setising a modelling toathichtakesinputs such as historical loaddad
growth, number ofnew EV connecting to the grjetc[183]. These requirementare sentto the DSO, who
usethe Piclo Flex platfornto procure flexibility(asalreadydescribed insubsection5.1.3 [184]. After the
procurement process is ovecontract are issued, with their management still being damanuallyand
outside the platform Then, monthly forecasts of the likelihood of utilisatiohthe contracted assets are
issued This helps FSRo understand how often the DSWill usetheir assets in thaipcomingmonths.
Finally, dspatch and settlement areompleted throughthe Flexible Power platformThis includes issuing
start and stop signalsverifying flexibility provision, generatingerformance andfinancial reportsand
sending invoice$l83]. The usage ofPiclo Flex platfornfollows the methodology previously described in
subsection5.1.3[184]. First,the DS@ require FSPto answer a set of specific questions, related to, for
instance,their financial position. Next, each FSP is also asked to characterize its flexible assetdls® that
DSG@ can assess they are suitable to satisfy the service requiremerjis85]. Having this informatiorthe
DSQ evaluatethe technical and locational details to confirm suitability for the individual zones and, if
approved,qualifiedassets can based tosubmit bidg[184]. Al FSBwho meet the requirement criteria are
invited to bidand,following the assessment of their bids, contracts are grambesuccessful FSIPE34].

To decide on whether to procure flexibility or nohet DS® evaluate investment solutions by means of a
comparative assessment approach. This means that they determine the value of flexibility (i.e., the amount
of money they would spend on flexibility services) based on ddikitke comparison with a counterfacal
solution, such as a grid reinforcement, in the same scenario, considering both its cost anfl84Juas a

result, it is possible to, for instance, get an equitable comparison between a 45 year reinforcement scheme
and a 3 year flexibility contra§t84]. Theprocedureused is similar to the one described in Piclo Flex, being
based on the same ENA ONP CEM methodology andabah isdescribed irf186] and available if187].

OnceDSQ@ receivebids, theseare assessed to confirm that they could technicalyp in managinghe
identified constraints.The risks associated with using flexibiléye evaluatedand, if responses are greater
than the requested capaci§S@consider the most costfficient mix of tender responseBor each bid that
is submitted DS@ asses$184].

1 The overall value of the service offered against the annual ceiling cost (budget)
1 The technical parameters
1 Gompeting bids.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necesseatlyhase of the
European Union. Neither the European Union nor tgeanting authority can be held responsible for them
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The bid assessment criteriaf SPENs detailed irf188], where it is stated how different solutions are assessed
to identify the most suitable and least costly option. If flexibility is deemed as a technically viable solution,
the value of such service will depend on the cost of the alternative sol{t&8i.

This bid assessmentcriteria follows the steps described next. First, an annual ceiling cost (budget) is
calculated for eacltonstraint managementzone. This value is based on the cost of alternative solutions.
Next, it is analysed to what degree each bid meets the necessary requirements, such as capacity, service
window, run time At last, and after the above tests are applied, bids will be ordered by price offered, with
the lower prices being selected firdbSOsmight accept a higher bid from a FSP tisagble to meet all
requirements, compared to a lower bid where only some requirements areg/18&f.

Thedispatch methodology follows the steps provided ng84]:

1 Operability: first, the FSRvhich can best meet the requirements are identified

1 Reliability: reliable FSRre prioritized over those who failed to meet scheduled requirements in the past,
but new FS®are not ignored in favour of more experienced FSP, so that they all get an opportunity to
develop a reliability score

1 Price: usuallypSOsrocure the most coseffective flexibility services. After operability and reliability
are assessed, cheaper services are given priority, and when multipbeoff&Pthe same price, it is
guaranteed a fair level approach.

SinceFlexible Poweunses Piclo Flex to procure flexibility, it accepts the same 4 products: sustain, secure,
dynamic and restor§l89].

In the sustain product the dispatch schedule is agreed with the IBS& before the service being needed.
Consequently, this service does not have to be made available within a service window and wait for a dispatch
instruction from the platform A utilisation fee is paid for the entire scheduled dispatch delivefeat the

secure service both an arming fee and a utilisation fee are paielfirst is paid for the window confirmed in
advance as being the time services are expected to be required, whilsetttnd is paidor the service
scheduled ahead of time or dispatched in raale following an instructionMeanwhile, in the dynamic
service both an availability and a utilisation fee are palte first is paid for the availability accepted a week
ahead and the second is paid for the duratimina utilisation event following a dispatch instruction. In this
case the availability fee is low because the time of a fault is unkamdtherefore the service window needs

to cover all risk hours. Thatilisation Fee iexpectedto be higher than that paid fosustain andsecure
servicesdue to thechancesof dispatch beingmaller. At last, in the restore service only a utilisation fee is
paid. The probability of dispatch is low and depends on the grid experiencing or being at risk of a loss of
supplyduring the contracted service window. Since no availability fee is given the Utilisation Fee is expected
to be high[189]. A summary of theséd productsis givenin Tableb.14.
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Table5.14 - Services provided ISPEN on thElexible Poweplatform

fManage grid peak load ani TManage grid peak load ant Support the grid in the THelp with restoration

Purpose preventively reduce if190] preventively reduce if190] case of fault§190] af;ec;]uncommon faults
Use Case 1 Scheduled190] 1 Prefault [190] 1 Postfault [190] T Z‘,’ng;‘t’i';n‘[’fg‘;‘gr grid
Utg';:‘/lt:/‘\’;r‘])fee 11Yeq189] 11Yeq189] 11Yeq189] 11Yeq189]
'L(\;‘;\‘/il(‘,s/;‘je 1No[189] 1 Yes(189] 1No[189] 1No[189]
fe’;‘g)&t\’,‘\"'}}{) 1No[189] 1No[189] 11Yes189] No[189]
(ﬁiﬂiﬁ:gﬁs 1 Weekahead[190] 1 Weekahead[190] 1 Weekahead[190] 1 Weekahead[190]
:gfeiﬁt:gt:ye 1 Weekahead[190] 1 Weekahead[190] 1 Weekahead[190] 1 Weekahead[190]
Dispgtch T E:)Xtﬁi S\':’eirt:i% crﬁ?r?iﬁeazng ! z::)::_ee(:)tancewi?gr\};ﬁgbility Z?u 1 Sent_ 15 min ahead o 1 Sent_ 15 min ahead o
Notice notice sent 15 min ahead o requirements[190] requirements [190]

requirements[190] requirements[190]

Fees are paid depending on delivery of the contracted services and all dispatch events are validated using
metering data. If contracted services are not provided, in part or in full, an adjustment may apply to these
fees, as described {191]. This situation is exemplified Figure5.14, where it is shown, for the dynamic
service, how the percentage of the utilisation fee varies with the percentage of flexibility delivered.

100%
95%

Percentage of Power / Reduction Delivered

63%
100% 92% 0%
Percentage Payable

Figure5.14 ¢ %of utilisation feereceiveddepending o of flexibility provided[192]
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In order b receiverequests from Flexible Powdo turn their assets oror off, it is required to establish
communicationusingAP5 [193], which camalso be used to send meter readind®4]. After dispatch and
flexibility delivery, FSFare invoiced an earning statemefit95].

The main characteristics of the Flexible Power platform are summariZeabie5.15.

Platform type
Location

Market structure
Trading type
Price computation
Market type
Buyer

Sellers

Products/Services

Resources/Assets

Pre-qualification

Aggregation

Bidding period

Negotiation & Market

Operation

Activation & Settlement

Proof of delivery

Remuneration

TSQGDSO coordination

Table5.15 - Main characteristics of the Flexible Power platform

1 Flexibility Market Platforni181]
1 UK[181]
1 Onesided market (single buyer)
1 Auction based ite Piclo Flex)
1 Payashbid (ike Piclo Flex)
1 Energy and capacityike Piclo Flex)
1 DSG3[181]
fal ye2ySe O2yyfé@fiSR (G2 G4KS 3INAR
1 Prefault:
0 Sustain: prefault (intact system), scheduled supp¢i83], [184]
0 Secure: prdault (intact system), dispatched supp¢ti83], [184]
1 Post fault:

o0 Dynamic: posfault system supporf183], [184]
0 Restore: posfault restoration[183], [184]

9 Demand Side Respongk34]

9 Batteries[184]

1 Electric Vehiclepl84]

1 CHH184]

1 Yes, divided in two parts (providers ggaalification and assets prgualification)[184], [185]
9 Aggregation is allowe94]

1 Over a period of approximately 12 montfi96]
1 Contract duration up to 4 yeaf496]
1 Within Flexible Power platforrfi83]
1 After receiving bids, the FS®Rhich best meet the requirements are identifi§ti34]
1 Reliable FSFare prioritized those who failed to meet scheduled requirements in the fdaB:t]
1 After assessing operability and reliability, cheaper services priorii&]
1 Within platform: Flexible Power automatically schedules a dispatch i3]
1 Performance and financial reports are generated (14 days to verify acc(t88y)
1 Invoices generatigi83]
1 Baseline is based on historical d§t87], [198]
9 1 minute resolution or halhour resolution[199]
1 Utilisation fee £/MWh) [189]
1 Arming fee £/MW/h) [189]
1 Availability fee £#/MW/h) [189]
(depends on the product)

1 No information regarding TSDSO coordination
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Integration with other 1 Flexible Power makes use of the Piclo Flex platform for flexibility procur¢h®3jt
markets or platforms 11 Runs separately from other electricity markets
9y SRAAE I CNBYOK 5{h NBaLRYaAaAO S[20pRcNRteddzplatiorid foy 3 o

assist them in the acquisition of flexibility through marketsed procurement processg01]. The goal is to
facilitate the connection o€onsumes, promote the integration of RES into the grid and optimise planning
and operation on the distribution networR01].

The Enedis Request For Information (RFI) platform, as it is called, has multiple objectives[20@h as

1 Inform the DSO about the available flexibly and the existing services through the registration of FSPs
on a single site.

1 Give FSPs a preview of the areas of interest for the DSO.

91 Develop the local knowledge on flexibility: promote flexibility to opportunities a@@ssumes and
local communities.

The first flexibility tender was launched in 20®0]. The endto-end flexibility procurement process is
divided in 6 steps, as se@nFigure5.15.

Identification Request Competitive Contract Activation Measurement
of Flexibility For Inkereskt tendering management validation and
Opporkunities settlement

Figure5.15- Overview of the entb-end flexibility process used by Endgai0]

After identifying flexibility need$200], Enedispublishes them in their platform, thus creating a potential
market call[203]. The platform has a dashboard whetegresents a map with the potential, ongoing and
ended tenders/market calls, as Figure5.16. This allows FSPs to verify their eligibility by checking if their
connection points are within the listed sites of a potential mafRed4].
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Figureb.16 ¢ Potential, available and ended market calls (05/06/2028)3]

In case there is an adequate number of interested FSPs, Enedis opens a flexibility[20ddlerHere,
products do not follow a standardized definition (like in Piclo Flex and Flexible Power). Instead, several uses
are described200]:
1 Smart Connection Offers (SCO) to conr@mhsumes andProduces to the MV grid faster and at lower
cost
1 Promoting the development of RES by optimising grid planning under the Regional Renewable Energies
Connection Master Plans (S3RENR)
1 Flexibility to defer investments
1 Flexibility to enhance work planning
1 Flexibility as an alternative to power resupply resources before or following an incident

Their main characteristics and contractual principles and summariZeahite5.16.

Table5.16 - Uses cases summgB00]

. . Maximum value fo . .
Connection  cog Maximum value fo Maximum value forsociety from 0O tg

and reduction ola2 OASi& 2 20§|e1ty€ Izroamz fétﬁH nleka2 K oYdzald o
the delay for thg 2035 (alternative td 7 the alternative usual solutions, such

; (Investment
consumer investments) generators)
postponement)

Important for all use cases

MV sites to bd Producers, storage, electric vehiclegmand response, with active or reactive pov
connected for voltage congestions
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