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Glossary
Abbreviation Description
AAS Asset Administration Shell
ABAC Attribute Based Access Control
AC Air Conditioning
ADMS Advanced Distribution Management Systems
A.G.G. Aggregator
A.M.I. Advanced Metering Infrastructure
AMQP Advanced Message Queuing Protocol
BESS Battery Energy Storage System
B.R.P. Balancing Responsible Party
B.S.P. Balancing Service Provider
CAPEX Capital Expenditure
CCGT Combined Cycle Gas Turbine
CHESS Connected Hybrid Energy Storage System
C.H.P. Combined Heat and Power
Container Registry A place for developers to publish (push) Docker containersto be subsequently retrieved (pulled) for deployment.Container registries contain Container repositories definedby URI syntax including version tags. Credentials areoptionally required for access to container registries.
C.P.S. Cyber-Physical System
CS Charge Station
DBMS Database Management Systems
D.E.R. Distributed Energy Resource
DERMS Distributed Energy Resource Management System
DF Distributed Flexibility
DG Distributed Generation
DHW Domestic Hot Water
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Abbreviation Description
D.L.T. Distributed Ledger Technology
D.N.O. Distribution Network Operator
Docker A set of platforms as a service products that uses OS-levelvirtualisation to deliver software in packages calledcontainers
Docker Containers Isolated bundles of software, libraries and configurationfiles; that can communicate with each other through well-defined channels. Containers are run by a single operatingsystem kernel and therefore use fewer resources thanvirtual machines
DR. Demand Response
DRES Distributed Renewable Energy Source
D.S.M. Dispatching Service Market
D.S.O. Distribution System Operator
DT. Digital Twin
DTDL Digital Twin Definition Language
DTI Digital Twin Instance
DTP Digital Twin Prototype
EC. Energy Community
E.C.M. Energy Community Manager
EDC Eclipse Dataspace Connector
EMSP Electric Mobility Service Provider
E.S.B. Enterprise Service Bus
ESCo Energy Service Company
E.S.O. Energy System Operator
E.S.S. Energy Storage System
EV. Electric Vehicle
FlexCHESS Flexibility services based on Connected and interoperableHESS
FLEXIS Flexible Integrated Energy Systems
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Abbreviation Description
FLEX_SP FlexCHESS Smart Plug / pilot participant identification code
FME Flexibility Market Emulator
F.S.P. Flexibility Service Provider
HESS Hybrid Energy Storage System
HP Heat Pump
HPAC Combined Heat Pump / Air Conditioning unit
HVAC Heating, Ventilation, and Air Conditioning
I.C.T. Information and Communication Technology
ID Identifier (digital/device ID)
IDC IDS Connector
IDS International Dataspace
IDSA International Dataspace Association
IDTA Industrial Digital Twin Association
IP Internet Protocol (device network address)
KERs Key Exploitable Results
KPI Key Performance Indicator
kWh Kilowatt-hour
MDC Metering Data Company
MkaaS Marketplace-as-a-Service
MOM Message Oriented Middleware
MQTT Message Queuing Telemetry Transport
NPRS Non-Programmable Renewable Sources
OPEX Operational Expenditure
P.L.A. Production and Load Aggregator
PLSA Production, Load and Storage Aggregators
PRO Producer
PRS Prosumer
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Abbreviation Description
P&S Publish & Subscribe
PV. Photovoltaics
PV Photovoltaic (plant/generation asset)
RDBMS Relational DataBase Management System
REC Renewable Energy Community
RES Renewable Energy Source
SAREF Smart Application Reference
SCADA Supervisory control and data acquisition
SOC State of Charge
SP Smart Plug (metering/monitoring device)
SUP Supplier
TC Total Consumption
TNO Transmission Network Operator
TOU Time Of Use
TSO Transmission System Operator
UC Use Case
UI. User Interface
UUDEX Universal Utility Data Exchange
UX User Experience
V2G Vehicle To Grid
VESS Virtual Energy Storage System
VPC Virtual Private Cloud
VSoC Virtual State of Charge estimator
V.P.P. Virtual Power Plant
WHP Air-to-Water Heat Pump
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M26 (January 2025) - M36 (June 2026)
1 Executive Summary
The assessment contributes to the wider WP4 Demonstration and Validationframework by examining the value of FlexCHESS beyond technical performance, withparticular attention to social acceptance, perceived benefits and barriers, economicviability, environmental relevance, user/stakeholder engagement, replicability andpolicy significance.
FlexCHESS develops flexibility services through the aggregation of multipleConnected Hybrid Energy Storage Systems (CHESS) operating collaboratively withinCHESS Nodes. The project enables production and consumption units to interactdynamically, adjusting generation, consumption or storage behaviour in response toflexibility needs. This approach supports the integration of distributed energyresources (DERs), enhances the value of flexible assets, and provides a basis forimproved grid management, energy optimisation and future flexibility-marketparticipation. Research and work conducted under WP4 demonstrates how the pilotwork focused on identifying the most effective DER combinations, defining bestpractices for integration and operation, and establishing the key requirements forefficient deployment of FlexCHESS Nodes at demonstration sites.
The assessment covers five European pilot contexts: Wales/UK, Slovenia, Spain, Italyand Turkey. These pilots represent different technical, institutional and socialenvironments, including industrial flexibility simulation, DSO-oriented flexibility,renewable energy communities, multi-building energy optimisation, EV smart chargingand island-grid resilience. Four FlexCHESS use cases, divided into eight operationalscenarios, provide the common assessment framework: UC1 Demand Response forGrid Resilience, UC2 Dynamic Energy Response for Grid Stability, UC3 Virtual PowerPlants and Renewable Energy Communities, and UC4 Adaptive Energy Management,including commercial-building optimisation and EV smart charging.
WP4 further records the readiness, assessment relevance and technical basis of thepilot demonstrations. Within this work package, the DER assets, accessible historicalor real-time data, controllable parameters, FlexPlatform tools and implementationstrategies for each pilot are documented. WP4 also identifies technical deploymentrequirements for the scenarios, including response time, minimum available powerand minimum service duration. These provide the operational basis for assessingflexibility availability, response capacity, asset integration and socio-economic andenvironmental impact pathways.
The pilots demonstrate different pathways for socio-economic and environmentalvalue creation, based on the systems used in each of them. The Spanish pilot isparticularly relevant for renewable energy community participation, PV self-consumption, batteries, flexible household assets and local energy engagement. TheItalian pilot presents a strong multi-building optimisation case, combining PV, EVcharging, battery storage and HVAC/refrigeration assets, with high feasibility identified
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for peak shaving, load shifting and commercial-building energy optimisation. TheSlovenian pilot addresses close-to-real-time DSO flexibility through distributedgenerators, PV, aggregated EV flexibility, behind-the-meter DERs and prosumerparticipation, with a clear focus on flexibility provision for DSO needs. The Turkish pilotaddresses the specific challenges of an island energy community, including wind andPV generation, battery storage, heat pump, EV assets, smart meters, submarine cabledependency, renewable variability and frequency-stability needs. And, lastly, theWelsh pilot contributes simulation-based evidence from a complex industrial andenergy-system context in Wales, including generation, storage, industrial loads andVESS-related modelling.
The assessment combines Social Life Cycle Assessment (S-LCA)-informed thinking,life cycle cost analysis (LCCA), ex-ante environmental assessment, stakeholderengagement evidence, pilot-readiness review and cross-pilot comparison. It focuseson both measurable and qualitative impact pathways: stakeholder acceptance, trustand perceived usefulness; cost optimisation and business-model potential; renewable-energy integration and avoided curtailment potential; flexibility service readiness; datagovernance; skills development; institutional learning; and scalability across Europeancontexts.
At the D4.4 evidence cut-off, the assessment distinguishes between confirmed pilot-readiness evidence, documented technical and data capabilities, modelled orsimulated flexibility potential, and monitored impact indicators that are being validatedthrough partner reporting and stakeholder survey evidence. This distinction ensuresthat the assessment remains transparent and methodologically robust, while stillrecognising the progress achieved in preparing the pilots for socio-economic,economic and environmental evaluation.
The socio-economic value of FlexCHESS is further strengthened by the project’s KeyExploitable Results (KERs), which translate the technical outputs of the project intoreusable, scalable and potentially marketable assets. These include real-time digitaltwins for hybrid storage optimisation, an energy management system for distributedHESS optimisation, the VESS concept and VSoC estimator, CHESS-plug, dataanalytics and machine-learning tools, decision-making tools for VESSs, smartcontracts, innovative forecasting systems and a shared knowledge base for VESS.These KERs support the project’s wider impact by enabling flexibility-marketreadiness, improved system efficiency, better renewable-energy integration, newdigital-energy services, and future exploitation by DSOs, energy communities,aggregators, technology providers and commercial/industrial users.
Key findings demonstrate that FlexCHESS has a credible pathway to socio-economicand environmental value where multiple assets can be coordinated through CHESSNodes and FlexPlatform tools. The strongest expected benefits include improved DERcoordination, increased renewable-energy use, enhanced self-consumption, demandresponse, peak shaving, load shifting, EV smart charging, DSO flexibility, island-gridresilience and improved decision-making for future energy-system planning. The mainbarriers identified relate to data availability, real-time integration, market-readiness,user incentives, comfort and automation concerns, and the need for clearcommunication with non-technical stakeholders.
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D4.4 impact quantification is structured to integrate partner-validated data on energysavings, flexibility activations, curtailment reduction, cost savings, response times,service success rates and stakeholder satisfaction scores. As these values areconsolidated, the assessment can move from a readiness- and potential-basedevaluation towards a fully evidenced impact assessment of the FlexCHESS pilotdemonstrations.

2 D4.4 – Socio-Economic & Environmental ImpactAssessment
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This deliverable provides a socio-economic and environmental assessment of theFlexCHESS pilots, demonstrating benefits beyond technology, including societalvalue, market viability and policy relevance, in line with Horizon Europe requirements.

3 Introduction
3.1 Context and Objectives
The FlexCHESS project, funded under Horizon Europe Grant Agreement No.101096946, addresses a central challenge of the energy transition: how to increasethe value and usability of distributed energy resources (DERs) by making theminteroperable, controllable and available for flexibility services. FlexCHESS developedand tested Connected Hybrid Energy Storage Systems (CHESS), which aggregatedifferent energy assets - including Battery Energy Storage Systems (BESS), ElectricVehicles (EVs), PV systems, flexible loads, HVAC/refrigeration units, heat pumps andother controllable resources - through CHESS Nodes and the wider FlexPlatform. TheFlexPlatform acts as the digital coordination layer for forecasting, asset registration,optimisation, decision support, smart energy management, flexibility service provision,digital-twin interaction and knowledge/data sharing across pilot contexts.
The core concept of FlexCHESS is to allow production units, consumption units andstorage assets to interact dynamically, adjusting production, consumption or storagebehaviour in response to system needs. FlexCHESS aims to provide flexibility servicesby aggregating multiple CHESSs that operate collaboratively within a CHESS Node,thereby allowing the value of flexibility to be shared among the actors involved.
This deliverable, D4.4, is produced under Task 4.3 and focuses on the socio-economicand environmental assessment of the FlexCHESS pilots. It complements the technicalvalidation work of WP4 by examining the wider value of the pilot demonstrations: notonly whether the technology functions, but also whether it creates meaningful social,economic, environmental and institutional benefits.
The assessment therefore provides evidence in four main areas:

 Societal value: social acceptance, stakeholder engagement, perceivedusefulness, trust, user participation, behaviour change and skills development.
 Economic viability: cost-effectiveness, asset utilisation, cost-saving potential,business-model relevance and flexibility-market readiness.
 Environmental benefit: renewable-energy integration, curtailment reductionpotential, emissions-reduction pathways, storage optimisation and resource-efficiency considerations.
 Policy and replication relevance: regulatory alignment, interoperability,scalability, replicability across EU contexts and contribution to future flexibility-market design.

The assessment builds on the pilot-preparation evidence of datasets for DERs acrossthe five pilot sites, identifying available assets, accessible historical or real-time data,and controllable parameters. It also maps the FlexPlatform tools required for
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implementation, including forecasting, real-time digital twins, decision-supportsystems, flexibility service providers, smart energy management tools and the OpenKnowledge Platform.
Accordingly, D4.4 uses a mixed assessment approach combining stakeholderengagement, S-LCA-informed analysis, life cycle cost analysis, ex-ante environmentalassessment, review of pilot-readiness evidence, KER/exploitation evidence and cross-pilot comparison. Where monitored M26-M42 operational data are not harmonisedacross all pilots, the assessment classifies evidence as confirmed documentaryevidence, partner-reported evidence, modelled/simulated evidence or validation data,rather than treating the information as a single undifferentiated dataset.
3.2 Pilot Sites Overview
Five pilot sites were established across different European contexts, enablingFlexCHESS to test its approach in varied technical, institutional and socialenvironments. The pilots represent a deliberately diverse portfolio: anindustrial/simulation context in Wales, a DSO-led flexibility context in Slovenia, arenewable energy community in Spain, a multi-building energy optimisation and EVcharging context in Italy, and an island energy-community/grid-stability context inTurkey.
3.2.1 Pilot Sites Overview table
Pilot Owner /Partner Location Profile Confirmed /Identified Assetsand Data Context

RelevantUse Cases
WelshPilot CardiffUniversity(CU)

Neath PortTalbot /SwanseaBay,Wales, UK

FLEXISdemonstrationarea;simulation-supportedindustrial andenergy-systemcontext

Local electricity andgas networks; twobiomass powerstations; CCGTpower station; solarfarm; wind farm;proposed tidallagoon; behind-the-metre renewablesand storage;industrial loadsincluding steelworks,water treatmentplant, cement worksand paper mill;public/commercialload. Data used tosupport simulationstudy.

UC1 / UC3-orientedsimulationevidence,includingVESS forindustrialbuildings
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Pilot Owner /Partner Location Profile Confirmed /Identified Assetsand Data Context
RelevantUse Cases

SlovenianPilot ElektroLjubljana(EL)
Slovenia D S O - l e dflexibility andEMSP/EVcontext

EV charging stations,PV systems, flexibleresidential loadsubject to volunteerparticipation; real-time data includingEV SOC, DGforecasting, gridfrequency andADMS-SCADA data;controllableparameters includeEVcharging/dischargingand flexible-loadconsumption.

UC1 PeakShaving,UC2FrequencyRegulation,UC4 SmartEV Charging

SpanishPilot La Solar /MIW Bullas,Murcia,Spain
RenewableEnergyCommunity /local solarcooperative

Air-conditioning units,DHW tanks, PVplants, heat pumpsor small split units,batteries; real-time/pilot datainclude electricityprice, load, heat-pump consumption,battery SOC and PVoutput, withcontrollable heat-pump status andbatterycharging/discharging.The workshopscenario alsoincludes a 50 kWhresidential battery forREC subscriptionand a solar + batteryd a y - a h e a doptimisation case.

UC1 PeakShaving andUC3RenewableEnergyCommunity
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Pilot Owner /Partner Location Profile Confirmed /Identified Assetsand Data Context
RelevantUse Cases

ItalianPilot IREN Turin, Italy Energy utility /multi-buildingoptimisation,EV chargingand PV/BESSintegration

Refrigeration / HVACunits, EVs and ACrecharging stations,battery storage androoftop PV. Availabledata include historicalPV output, historicalHVAC data,electricity price, PVoutput, BESStelemetry, EVcharging power andHVAC data.Controllableparameters includeBESScharging/dischargingand EV chargingsignals. The IRENdeploymentspecification furtherconfirms BESSdata/controladapters, HVAC/PVdata adapters, EVc h a r g i n g - s t a t i o nadapters,UUDEX/RabbitMQ,and FlexPlatformoptimisation tools.

UC1 PeakShaving,UC1 LoadShifting, UC4Energy andCostOptimisationforCommercialBuildings,UC4 SmartEV Charging

TurkishPilot UEDAS GökçeadaIsland,ÇanakkaleProvince,Turkey

DSO / islandenergycommunityfocused ongrid stabilityand frequencyregulation

Island grid connectedto mainland bysubmarine cable; 2wind turbines totalling1.8 MW; 0.21 MWpPV plant; CHESSassets includingbattery, heat pumpand EV; smart metreson consumers. D4.2

UC2 LoadBalancingand UC2FrequencyRegulation
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Pilot Owner /Partner Location Profile Confirmed /Identified Assetsand Data Context
RelevantUse Cases

also identifies a 100kWh BESS, 16 kWair-to-air heat pumpand 22 kW EVcharging station, withpower load, EV SOC,battery SOC andrenewable-generation data to beused whereavailable.

The documentation confirms the relevant DER categories, several capacities anddata/control parameters for each pilot. D4.2 explicitly identifies which datasets andcontrollable DER parameters are available or expected for each pilot; however, it alsonotes that some data remain reference values because engineering practices andimplementation considerations were still ongoing.
The above table is used as the validated pilot-readiness and assessment baseline.Installed capacity, operating periods, monitored performance values and partner-confirmed asset status are treated as validation data and are incorporated wheredocumented in WP4 pilot operation reports, workshop evidence or partner datareturns.
3.3 Use Cases Implemented
The FlexCHESS pilots are structured around four use cases, further divided into eightoperational scenarios and distributed across the five pilot contexts. D4.2 identifies theDER combinations selected for integration into FlexCHESS Nodes, subsequentlyconfirmed through pilot deployment and validation in D4.3, while the implementationstrategy for each pilot identifies the relevant FlexPlatform tools and controlled assets.
The use cases are:UC1: Powering Grid Resilience via Demand ResponseUC1 focuses on demand response, peak shaving and load shifting. It supports DSO-driven flexibility by enabling assets to reduce or shift consumption during periods ofgrid stress, congestion or high demand. Relevant pilots include Slovenia, Spain andItaly for peak shaving, with Italy also addressing load shifting and longer-termbehavioural engagement.
UC2: Empowering Grid Stability via Dynamic Energy Response
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UC2 addresses load balancing and frequency regulation. It is particularly relevant forpilots where grid stability and DSO/TSO coordination are central concerns. TheTurkish Gökçeada pilot is directly aligned with load balancing and frequency regulationdue to its island-grid conditions, renewable variability and limited backup options.Slovenia is also relevant for frequency regulation and DSO flexibility through EVcharging, PV systems, ADMS-SCADA data and flexible loads.
UC3: Virtual Power Plants and Renewable Energy Communities Supporting GridIntegrationUC3 supports the aggregation of DERs through VESS/VPP-type configurations andrenewable energy communities. The Welsh pilot contributes simulation-basedevidence for VESS in industrial buildings, while the Spanish pilot is strongly alignedwith the Renewable Energy Community scenario. The Turkish pilot also contributesto the renewable-energy community dimension through the Gökçeada island-energycontext.
UC4: Adaptive Energy ManagementUC4 focuses on energy and cost optimisation for commercial buildings and smartcharging of EV communities. It is particularly relevant for the Italian IREN pilot, whereEV charging, PV, BESS, HVAC/refrigeration assets and multi-building optimisationare combined. Slovenia is also linked to smart EV charging, with EV charging stationsand SOC data forming part of the pilot dataset.
Across these use cases, the FlexPlatform provides the enabling technical layer. D4.2identifies forecasting tools, real-time digital twins, decision-support systems, flexibilityservice provider functionality, smart energy management and open knowledge/datacollection tools as core components supporting the pilot scenarios. These toolsprovide the basis for calculation of socio-economic, environmental and cost-effectiveness indicators, including flexibility availability, flexibility activation, responsetime, energy shifting, user engagement, renewable-energy use and system-levelvalue.
4 Methodology and Assessment Framework
A mixed-methods approach combined quantitative technical data from pilot operatorswith qualitative perception and behavioural data collected directly from stakeholders.
4.1 Assessment Dimensions
The framework evaluates four complementary dimensions:
1. Socio-Economic Impact (S-LCA aligned) – stakeholder categories, impactpathways, perception, acceptance
2. Economic Assessment (LCCA & cost-effectiveness) – CAPEX/OPEX, revenuestreams, cost-benefit ratios
3. Environmental Impact (LCA & curtailment analysis) – CO₂ emissions reduction,
RES integration, curtailment minimisation
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4. Institutional & Market Readiness – regulatory compliance, policy alignment,scalability potential
4.2 Methodological Approaches
The D4.4 assessment applies a mixed-methods framework combining technical pilotevidence, socio-economic analysis, environmental screening, cost-effectiveness logicand stakeholder feedback. This approach reflects the nature of FlexCHESS as botha technological demonstration and a socio-technical intervention: the pilots are notassessed only in terms of whether the platform operates, but also in terms of whetherthe solutions are acceptable, understandable, economically meaningful,environmentally relevant and replicable.
The methodology draws on four main evidence streams already available within theproject:1. WP4 technical and pilot-preparation evidence, including D4.2, pilotworkshop material and CHESS Node / Digital Twin deployment documentation;2. Pilot results and validation evidence from D4.3 (Report on Pilot SitesResults), including KPI validation tables, real-data demonstrations and pilot-operator findings.3. Pilot-specific DER datasets, including available assets, historical or real-timedata streams and controllable parameters;4. T4.3 stakeholder-engagement tools5. Cross-pilot qualitative analysis, including barriers, enablers, perceivedbenefits and replication potential identified through pilot preparation andtechnical workshops.6. Key Exploitable Results and Business Model Canvas evidence, includingthe GA-listed KERs and partner-specific exploitation models, which support theassessment of market readiness, scalability, business-model viability and post-project socio-economic value.
D4.2 provides an important methodological foundation because it identifies theavailable DERs in each pilot site, the historical and real-time data expected from theseassets, and the controllable parameters relevant to flexibility provision. This datasetsupports the assessment of pilot readiness, flexibility potential and the feasibility ofsocio-economic and environmental impact measurement.
4.2.1 Methodological Framework tabe – D4.4
Method Application in D4.4 Data Sources /Evidence Base Treatment in ThisDeliverable
Social LifeCycleAssessment- informedanalysis (S-LCA)

Assesses social impactsand risks for relevantstakeholder categories,including energycommunities, prosumers,DSOs, pilot operators,

T4.3 stakeholdersurvey; partnerinput; workshopevidence; pilotdescriptions;country/pilot

Used as a structuredsocial-impact lensrather than a fullquantified S-LCA
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Method Application in D4.4 Data Sources /Evidence Base Treatment in ThisDeliverable
local communities, publicauthorities andtechn ica l / va lue -cha inactors.

context; futurePSILCAindicators whereavailable.
Stakeholdersurveyanalysis

Measures awareness,perceived usefulness,acceptance, barriers, trust,behaviour change,satisfaction and willingnessto participate in flexibilityservices.

T4.3 Socio-Economic ImpactSurvey preparedfor disseminationthrough MicrosoftForms.

Survey instrumentexists and is GDPR-framed.

Semi-structuredqualitativeinterpretation

Captures perceivedbenefits, implementationbarriers, user concerns,trust issues, usabilityquestions and socio-economic value pathways.

Pilot workshops,partnerdiscussions,technicaldeploymentmaterial andopen surveyresponses.

Used to interpretbarriers and enablerswhere formal surveydata are not yetcomplete.

Technicalreadinessreview
Establishes what each pilotcan credibly assess, basedon installed or plannedDERs, data streams andcontrollable parameters.

D4.3; D4.2 DERdataset; pilotworkshop slides;CHESS Nodeand Digital Twinguides.

Used to distinguishbetween measuredimpacts,simulated/modelledimpacts and indicators.

Life CycleCostAnalysis(LCCA)

Assesses CAPEX, OPEX,lifetime costs, paybackperiod and long-termeconomic viability.

Pilot financialdata; businessmodel inputs;partner costestimates;deploymentspecifications.

Applied where costdata are available

Cost-effectiveness analysis
Calculates or preparescalculation of cost per kWhof flexibility, cost per kW offlexible capacity, cost pertCO₂ avoided, avoided-cost

Pilot operationaldata; flexibilityactivations;tariff/marketassumptions;

Used as a structuredeconomic framework.
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Method Application in D4.4 Data Sources /Evidence Base Treatment in ThisDeliverable
potential, and benefit–costlogic. FME/modelledvalues; marketpricebenchmarks.

E x - a n t eenvironmentalassessment/ LCAscreening

Assesses emissions-reduction potential,r e n e w a b l e - e n e r g yintegration, curtailmentreduction, resourceefficiency and battery-useimpacts.

Equipmentspecifications;energyconsumption/generation data;battery and PVdata; nationalgrid factors; pilotmonitoring data.

Conducted as an ex-ante or screening-levelassessment unless fullISO 14040/14044 LCAinventory data areprovided.

Before–aftercomparison
Compares baselineconsumption/generation/flexibility conditions with post-implementation orsimulated FlexCHESSperformance.

Pilot monitoringdata; historicaldata; D4.2baseline datacategories; D4.3post-implementationpilot results;simulationoutputs.

Applicable wherebaseline and post-implementation dataexist. Where pilots aresimulation-based orpartially deployed,results are reported asmodelled rather thanmeasured.

Cross-pilotcomparison Identifies common successfactors, barriers, replicationconditions and pilot-specific value cases.

Evidence from allfive pilots: Wales,Slovenia, Spain,Italy and Turkey.

Used to comparesocial, economic,environmental andinstitutional readinessacross differentcontexts.
Workshop-basedtechnicalconsultation

Provides evidence ofstakeholder alignment,use-case refinement,technical feasibility, dataavailability andimplementation risks.

Pilot siteworkshoppresentationsand WP4technicalmaterial.

Treated as structuredtechnical consultationrather than formalsocial focus groups.

The table above describes the methodological framework applied in D4.4, showing each method's
application, evidence base, and treatment within this deliverable.
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4.2.2 Data Status and Methodological Classification table
Evidence Type Definition How Used inD4.4
Confirmed documentaryevidence Information directly available in D4.2,D4.3, pilot workshop files, technicaldeployment guides and surveydocumentation.

Used todescribeassets, datastreams, usecases,platformcapabilitiesandassessmentreadiness.
Partner-reported / surveyevidence Responses from T4.3 survey, partnerinterviews or partner data templates. Used foracceptance,satisfaction,behaviourchange andstakeholder-perceptionfindings.

The table above describes the evidence types used in D4.4 and their application within the deliverable.
5 Key Performance Indicators (KPIs)
The D4.4 assessment uses a combined KPI framework covering technical, functional,economic, environmental and socio-economic performance. The purpose of thisframework is to connect the technical demonstration of FlexCHESS with its widersocio-economic and environmental value. The KPIs therefore assess not only whetherthe FlexCHESS platform and CHESS Nodes function correctly, but also whether thepilots can generate usable flexibility, support renewable-energy integration, reducecosts, improve stakeholder acceptance and provide evidence for replication.
The KPI framework builds on the use-case structure defined in D1.5 and urtheroperationalised in D4.2 and validated against pilot performance in D4.3. The four usecases are divided into eight scenarios and assigned across the five pilot sites. Theseinclude peak shaving, load shifting, load balancing, frequency regulation, VESS forindustrial buildings, renewable-energy community support, commercial-buildingenergy optimisation and smart EV charging.
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5.1.1 Technical KPIs table
Technical KPIs evaluate the ability of FlexCHESS Nodes, FlexPlatform tools andassociated data systems to register, monitor, optimise and control distributed energyresources. They are particularly important because the pilots combine different assettypes, data environments and operational constraints.
KPI Definition / MeasurementLogic Relevance to D4.4
CHESS UtilisationEfficiency (%) Share of available flexibility thatis actually used or activatedduring a flexibility event.

Measures whetheravailable flexible assetsare operationally useful,not merely installed.
Interoperability Latency/ Response Time Time required for signals,requests or control actions tomove between assets, CHESSNodes, FlexPlatform tools andexternal systems.

Relevant for all usecases, especiallyfrequency regulation,load balancing andsmart charging.
Data TransmissionSuccess Rate (%) Proportion of successful dataexchanges between field assets,gateways, CHESS Nodes,Digital Twin components,FlexPlatform tools and platformdatabases.

Indicates reliability ofthe digital infrastructureand quality of monitoringdata.

Managed FlexibilityComponents / Assets(%)
Share of identified assets thatare successfully registered,monitored or controlled throughthe FlexCHESS architecture.

Connects pilot assetreadiness with socio-economic andenvironmentalassessment capacity.
Minimum ResponseRequirementCompliance

Whether the FlexCHESS Nodecan meet the response-time,minimum-power and durationrequirements defined perscenario.

D4.2 definesdeploymentrequirements acrossscenarios, including15–60 minutes for peakshaving, load shifting,load balancing, REcommunity andcommercia l -bui ld ingoptimisation; ≤1 secondfor frequency regulation;and 1 minute–15
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KPI Definition / MeasurementLogic Relevance to D4.4
minutes for VESSindustrial flexibility.

Digital Twin / APIReadiness Ability to represent CHESSassets digitally andaccess/query/update assetstatus through APIs, Digital TwinExplorer, AAS submodels andCHESS status/capacityinterfaces.

Supports traceability,interoperability andfuture verification offlexibility actions.

The table above describes the technical performance KPIs used in D4.4 to assess the operationalreadiness and interoperability of the FlexCHESS architecture.
The pilot workshops identify a focused D1.5 KPI set: CHESS Utilisation Efficiency,Source Contribution, Load Shifting Capability, Interoperability Latency, FlexibilityIndex and Service Efficiency. These KPIs are intended to be measured during pilotexecution and used to validate FlexCHESS performance.
5.1.2 Functional KPIs table
Functional KPIs assess whether the relevant use cases, scenarios and asset-management functions are practically enabled in the pilots.
KPI Definition / MeasurementLogic Relevance to D4.4
Use Case Coverage (%) Share of planned usecases/scenarios addressed ineach pilot.

Confirms the breadth ofthe demonstrationacross the fiveEuropean pilots.
Pilot Assets Eligible forFlexibility Mechanisms(%)

Share of identified pilot assetstechnically and operationallyable to participate in flexibilityservices.

Shows whether DERsare usable for flexibility,not only present on site.

Flexibility RequestSatisfaction Rate (%) Share of flexibility requestsfulfilled successfully, eitherthrough real activation,simulated market operation orscheduled optimisation.

Connects technicalfunctionality withsystem usefulness.
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KPI Definition / MeasurementLogic Relevance to D4.4
Asset ManagementFunctionality Coverage(%)

Share of required assetfunctions covered: registration,monitoring, forecasting,optimisation, control,scheduling and reporting.

Indicates maturity of theplatform and CHESSNode deployment.

Pilot Feasibility Level Qualitative assessment ofreadiness: high, medium or lowfeasibility, based on dataavailability, integrationcomplexity, platform maturityand risk.

Useful where finaloperational data are notyet harmonised.

MVP Readiness Whether a pilot candemonstrate a minimum viableFlexCHESS implementationusing available features.

The Spanish workshop,for example, rated theBullas REC scenario ashighly feasible for MVPwith FME simulation,while noting that realmarket integrationremains the main gap.
The table above describes the pilot-level KPIs used in D4.4 to assess demonstration coverage, assetreadiness and flexibility performance across the FlexCHESS pilots.
The uploaded pilot workshops used a structured feasibility framework assessingtechnical feasibility, data availability, integration complexity and risk level. Thisframework is useful for D4.4 because it provides a defensible way to distinguishbetween fully ready, partially ready and future-phase functionalities.
5.1.3 Economic KPIs table
Economic KPIs assess whether FlexCHESS can support financially meaningfulflexibility services, cost optimisation, reduced operational expenditure, deferredsystem costs or future business models.
KPI Definition / MeasurementLogic Relevance to D4.4
Integration Cost (EUR/ GBP) Cost of connecting assets,gateways, CHESS Nodes,software, APIs,communications and

Required for cost-effectiveness andreplication analysis.



Project Number: 101096946Project Acronym: FlexCHESS Socio-Economic and Environmental Assessment

27 | P a g e

KPI Definition / MeasurementLogic Relevance to D4.4
supporting infrastructure.

CAPEX per Asset /Pilot Capital expenditure forequipment, installation,batteries, EV chargers, metres,control systems andintegration.

Required for LCCA andpayback-period estimation.

OPEX per Asset / Pilot Annual operational costincluding maintenance,hosting, licences,communication, staff time anddata management.

Supports full life cycle costanalysis.

Cost per kWh ofFlexibility Annualised cost divided bykWh shifted, stored,discharged or activated.
Main cost-effectivenessindicator.

Cost per kW of FlexibleCapacity Annualised cost divided by kWof available flexible capacity. Useful for comparing pilotswith different scales andasset mixes.
Service Efficiency Revenue or avoided costcompared with cost of flexibilityprovision.

One of the D1.5 KPIcategories identified in theworkshop material.
Flexibility Revenue /Simulated Revenue Revenue from real or simulatedflexibility markets, includingFME-based testing.

Must distinguish betweenactual market income andmodelled/simulated marketpotential.
Energy Cost Savings Reduced bills or avoided peakcosts through load shifting,smart charging, self-consumption or optimisation.

Relevant for Spain, Italy,Slovenia and Turkey.

Payback Period Initial investment divided byannual net benefit. Important for business-model viability andreplication.
The table above describes the economic and cost-effectiveness KPIs used in D4.4 to assess thefinancial viability and replication potential of the FlexCHESS pilots.
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The Slovenian pilot provides a clear economic logic for EV smart charging: byoptimising charging schedules, users can reduce costs during expensive peak periodsand maximise charging during cheaper off-peak or favourable tariff periods. The samesection notes that centralised management of EV charging stations simplifies smart-charging coordination and can support DSO benefits such as constraint management.
For Spain, the Renewable Energy Community scenario is associated with self-consumption optimisation, cost optimisation and market participation through FMEsimulation. The Spanish workshop confirms that historical PV production, loadconsumption profiles, battery specifications and OMIE historical data are available oridentified as data sources, while real market integration remains a later-phase gap.
5.1.4 Environmental KPIs table
Environmental KPIs assess whether FlexCHESS contributes to renewable-energyintegration, avoided curtailment, reduced emissions and more efficient use ofdistributed assets.
KPI Definition / MeasurementLogic Relevance to D4.4
CO₂ Emissions Reduction
(tCO₂/year)

Estimated emissions avoidedthrough increased renewableuse, reduced grid imports,optimised load shifting oravoided fossil-based balancing.

Main environmentalimpact indicator.

RES Integration Rate (%) Share of renewable generationused locally or integrated intothe energy system rather thancurtailed or exported withoutoptimisation.

Particularly relevant forSpain, Italy andTurkey.

Curtailment Reduction(%) / kWh Difference between renewableenergy curtailed before and afterFlexCHESS intervention, orunder baseline versus optimisedscenarios.

Measuresenvironmental andeconomic value ofstorage/flexibility.

Load Shifting Capability(kWh) Amount of demand shifted frompeak or carbon-intensive periodsto off-peak or renewable-richperiods.

Identified as a D1.5KPI in the workshopmaterial.

Source Contribution (%) Contribution of eachasset/source — PV, battery, EV, Allows environmentalvalue to be linked to
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KPI Definition / MeasurementLogic Relevance to D4.4
heat pump, HVAC, flexible load— to total flexibility provision. asset type.

Battery / Asset Utilisationand DegradationConsideration
Tracks whether battery use isoptimised to avoid unnecessarydegradation while still providingflexibility.

Relevant to circulareconomy and life-cycleimpact assessment.

The table above describes the environmental KPIs used in D4.4 to assess the emissions reduction,renewable integration and resource efficiency achieved through the FlexCHESS pilots.
The FlexPlatform includes forecasting tools for renewable-energy production andelectricity consumption, real-time digital twins, decision-support systems, smartenergy-management tools and FSP functionality. These tools provide the technicalbasis for environmental optimisation, including improved use of PV/wind generation,better load scheduling and real-time balancing.
5.1.5 Socio-Economic KPIs table
Socio-economic KPIs assess whether FlexCHESS is accepted, understood andperceived as beneficial by stakeholders, and whether it creates wider value throughparticipation, capacity building and behaviour change.
KPI Definition / MeasurementLogic Relevance to D4.4
StakeholderSatisfaction Score Average satisfaction score fromT4.3 survey responses, usingthe scale included in theMicrosoft Forms survey.

Primary socialacceptance indicator.

CommunityAcceptance Rate (%) Share of respondents indicatingwillingness to participate in orsupport FlexCHESS-enabledflexibility services.

Especially relevant forSpain and Turkeyene rgy -commun i t ycontexts.
Perceived BenefitScore Stakeholder rating of benefitssuch as cost savings,renewable-energy use, energyautonomy, reliability or comfort.

Connects technicaloutcomes touser/social value.

Perceived BarrierScore / Qualitative Frequency and severity ofbarriers such as complexity, Supports policy andreplication
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KPI Definition / MeasurementLogic Relevance to D4.4
Barriers privacy concerns, automationconcerns, comfort impacts,unclear incentives or marketuncertainty.

recommendations.

Behaviour ChangeIndicators Evidence of changes in energy-use awareness, willingness toshift demand, participation insmart charging, or engagementwith energy monitoring.

Relevant for loadshifting, RECparticipation and smartEV charging.

Trust and DataGovernance Indicators Stakeholder confidence in datahandling, privacy, automatedcontrol and platform reliability.
Important for GDPR,digital twin and smart-metre contexts.

Skills and Capacity-Building Indicators Number/type of stakeholderstrained, technical staff engaged,or new competenciesdeveloped.

Captures institutionallearning and futurereplication capacity.

Job Creation / LabourInput (FTE or staffhours)
New roles, additional staff time,installation/maintenance work oroperational effort required.

Useful but likely limitedat pilot scale; shouldbe reported carefully.
The table above describes the social KPIs used in D4.4 to assess stakeholder acceptance, perceivedbenefits and behaviour change across the FlexCHESS pilots.

6 Socio-Economic Impact Assessment (S-LCA Aligned)
6.1 Framework and Stakeholder Categories
The socio-economic impact assessment of FlexCHESS is informed by the logic ofSocial Life Cycle Assessment (S-LCA), adapted to the scale and maturity of theproject's pilot demonstrations. Rather than applying S-LCA as a fully quantifieddatabase-driven exercise at this stage, the assessment uses an S-LCA-alignedframework to identify relevant stakeholder groups, map potential impact pathways,and assess social acceptance, perceived benefits, barriers and socio-economic valueacross the five pilot contexts.
This approach is appropriate for FlexCHESS because the project is not only atechnical demonstration of Hybrid Energy Storage Systems (HESS), but also a socio-technical intervention. The project connects energy assets, digital platforms, flexibility
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services, energy communities, DSOs, EV users, building operators and technicalactors. D4.2 confirms that FlexCHESS aims to provide flexibility services byaggregating multiple connected hybrid energy storage systems operating withinCHESS Nodes, enabling production and consumption units to interact by adjustingproduction or consumption according to flexibility needs.
The assessment therefore considers five main stakeholder categories.
Stakeholdercategory Relevance toFlexCHESS Relevant pilotcontexts Main impactareas assessed
EnergyCommunities /Prosumers

Residential,municipal or smallcommercialparticipants whomay provideflexibility throughPV, batteries, heatpumps, EVs orflexible loads.

Spain / BullasREC; Turkey /Gökçeada;Slovenia whereflexible residentialloads or EVparticipation areinvolved.

Energy autonomy,self-consumption,cost savings,willingness toparticipate, trust,data privacy,fairness of benefitdistribution.

LocalCommunities Residents,municipalities andlocal stakeholdersaffected byrenewable-energyuse, grid stability,energy-communitymodels or publicenergy assets.

Spain, Turkey,Wales, Slovenia. Communityengagement,awareness,environmentalquality, localacceptance, localresilience, publicvalue.

Industry /Commercial Users Large energyusers, buildingmanagers, facilitymanagers,industrial operatorsand fleet/EVchargingmanagers.

Italy / IREN; Wales/ FLEXIS industrialcontext; SloveniaEV chargingcontext.

Operationalflexibility, costoptimisation, peakreduction, energymanagement,continuity ofoperations,comfort andservice quality.
Public Authorities/ System Actors DSOs, regulatorybodies,municipalities andactors responsible

Slovenia / ElektroLjubljana; Turkey /UEDAS; Italy /IREN; Spain

Grid stability,congestionmanagement,peak demand
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Stakeholdercategory Relevance toFlexCHESS Relevant pilotcontexts Main impactareas assessed
for grid reliability,energy policy andflexibil i ty-marketreadiness.

municipal/RECcontext. management,regulatorycompliance, policylearning andreplication.
Value ChainWorkers /TechnicalOperators

Installers,technicians,developers, energymanagers, platformoperators, dataengineers andmaintenance staff.

All pilots. Skillsdevelopment,technical capacity,occupationalsafety, operationalworkload, digitalupskilling andfuture employmentpathways.
The table above describes the stakeholder categories assessed in D4.4, their relevance to FlexCHESS,associated pilot contexts, and the main impact areas evaluated for each.

The impact categories are structured as follows:
Stakeholder group Impact categories assessed
Energy communities/ prosumers Energy cost savings, energy autonomy, renewable self-consumption, participation in decision-making, access toflexibility services, privacy and data security, clarity ofincentives.
Local communities Local engagement, energy awareness, environmentalquality, local resilience, community empowerment, publictrust in energy innovation.
Industry / commercialusers Operational flexibility, reduced peak demand, costcompetitiveness, continuity of service, comfortmanagement, regulatory and ESG alignment.
Public authorities /system actors Grid stability, avoided or deferred network interventions,peak-demand management, policy learning, market-readiness and replication.
Value chain workers Technical skills, digital energy-management capacity,
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Stakeholder group Impact categories assessed
/ technical operators workload implications, health and safety, quality of workingconditions, future job potential.

The table above describes the impact categories assessed for each stakeholder group considered inD4.4.

6.2 S-LCA reference framework (UNEP 2020): impact subcategoriesapplied to FlexCHESS
To ensure methodological alignment with the UNEP/SETAC Guidelines for the SocialLife Cycle Assessment of Products and Organisations (UNEP 2020) and theassociated Methodological Sheets (UNEP 2021), the five FlexCHESS stakeholdercategories defined above are mapped to the six standard S-LCA impact categories,human rights, working conditions, health and safety, cultural heritage, governanceand socio-economic repercussions, and to the impact subcategories used in theestablished S-LCA literature. Of the approximately forty subcategories defined in theUNEP framework, around thirty are assessed as material to a distributed-flexibilityintervention of this type. Subcategories tied to upstream extraction, agriculture orarmed conflict are screened out as not material to the pilot activities, whilesubcategories relating to working conditions, health and safety, consumer dataprotection, governance, local-community engagement and socio-economicdevelopment are retained as the structured social-impact lens applied throughoutSection 6.
Impact subcategory(UNEP 2020 / 2021)

RelevancetoFlexCHESS
Primary FlexCHESS impact pathway /treatment

Workers (working conditions, human rights, health & safety)
Freedom ofassociation & collectivebargaining Selected Conditions of employment for installers,technicians, data engineers and platformoperators across the consortium.

Fair salary Selected Quality of technical and value-chain rolessustained or created through pilotoperation and future flexibility services.

Working hours Selected Operational workload associated withrunning CHESS Nodes, monitoring andflexibility-service provision.

Health and safety Selected Occupational safety in the installation andmaintenance of BESS, EV chargers, heatpumps and electrical assets.
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Impact subcategory(UNEP 2020 / 2021)
RelevancetoFlexCHESS

Primary FlexCHESS impact pathway /treatment
Equal opportunities /non-discrimination Selected Inclusive access to skills development andto energy-community participation.
Social benefits / socialsecurity Selected Employment conditions of staff engagedin pilot deployment and operation.
Employmentrelationship Selected Formality and security of roles ininstallation, integration and operation.

Child labour Screenedout
Not material to EU/UK/Turkey pilotoperations; upstream battery andelectronics supply-chain risk addressedvia the LCA in Section 8.

Forced labour Screenedout
Upstream raw-material supply risk only;addressed through value-chain and LCAscreening rather than primary pilot data.

Sexual harassment Screenedout No project-specific evidence; governed bypartner HR frameworks and national law.
Smallholders includingfarmers Screenedout Not relevant to the energy-flexibility valuechain.
Local community
Access to materialresources Selected Reliable and affordable local energysupply; island-grid resilience (Turkey) andREC self-consumption (Spain).
Access to immaterialresources Selected Energy literacy, awareness and access toflexibility services.
Communityengagement Selected REC participation in Bullas (Spain) andisland-community engagement inGökçeada (Turkey).
Local employment Selected Local technical, maintenance and energy-community facilitation roles.
Safe & healthy livingconditions Selected Grid reliability and reduced localemissions through optimised renewableuse.
Secure livingconditions Selected Energy security and resilience, particularlyin constrained and island grids.
Delocalisation and Screened Not applicable to the pilot interventions.
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Impact subcategory(UNEP 2020 / 2021)
RelevancetoFlexCHESS

Primary FlexCHESS impact pathway /treatment
migration out
Cultural heritage Screenedout Low materiality for the pilot activities.
Respect of indigenousrights Screenedout Not applicable in the pilot contexts.
Value-chain actors
Fair competition Selected Open APIs and interoperability (AAS,UUDEX) that avoid vendor lock-in andenable market entry.
Supplier relationships Selected Consortium and technology-providerrelationships underpinning deployment.
Respect of intellectualproperty rights Selected KER/IP handling and smart-contracttraceability of flexibility transactions.
Promoting socialresponsibility Selected Diffusion of responsible flexibility-serviceand data-governance practices along thechain.

Wealth distribution Selected Fair allocation of flexibility value amongprosumers, aggregators, operators andDSOs.
Consumers (prosumers and end-users)
Consumer privacy Selected GDPR-compliant handling of metering,EV-charging and consumption data(Section 6.5; Annex 1).
Transparency Selected Clear communication of what is monitored,why, and how benefits are allocated.
Feedback mechanism Selected User override, consent and complaintchannels for automated control.
Health and safety Selected Safe operation of consumer-side assets(EV chargers, heat pumps, smart plugs).
E n d - o f - l i f eresponsibility Selected Battery and electronics end-of-life;quantified through the LCA in Section 8.
Society
Contribution to Selected Flexibility-market development, skills
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Impact subcategory(UNEP 2020 / 2021)
RelevancetoFlexCHESS

Primary FlexCHESS impact pathway /treatment
economic development creation and exploitable results (KERs).
Technologydevelopment Selected Digital twins, forecasting, VESS andinteroperability advances.
Public commitments tosustainability issues Selected Contribution to EU climate and energy-transition objectives.
Corruption(governance) Selected Transparent procurement and auditable,smart-contract-based transaction logic.

Poverty alleviation Selected Energy-cost reduction and energy-povertymitigation potential in community/RECcontexts.
Prevention & mitigationof armed conflicts Screenedout Not material to the pilot activities.
Ethical treatment ofanimals Screenedout Not applicable.
Children (UNEP 2020 addition)
Education in the localcommunity Contextual Indirect awareness/education benefit viacommunity engagement; not separatelyquantified.
Health & marketingconcerns for children Screenedout No child-directed product or marketingdimension in the pilots.

The selected subcategories are operationalised through the stakeholder-surveyindicators (Sections 6.3–6.5), the employment and skills analysis (Section 6.6) andthe country-level social-risk screening (Section 6.2). Screened-out subcategories aredocumented for transparency and to satisfy the completeness requirement of theUNEP 2020 framework; where they relate to upstream supply chains (e.g. child labour,forced labour, end-of-life responsibility), they are addressed through theenvironmental life-cycle assessment in Section 8 rather than through primary pilotdata.

6.2 Country-Level Social Risk Context (PSILCA)
The original methodology envisaged the use of PSILCA indicators to contextualisesocial risk across the countries involved in the pilots: the UK/Wales, Slovenia, Spain,Italy and Turkey. Relevant PSILCA dimensions would include labour rights,
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occupational health and safety, governance, access to infrastructure, communityconditions, and broader country-level social-risk factors.
For methodological transparency, D4.4 therefore treats PSILCA as a recommendedcontextual layer rather than a completed quantitative component. The absence ofPSILCA data does not prevent the socio-economic assessment, because project-specific evidence is available from D4.2, pilot workshop material, the digitaltwin/CHESS deployment documents. However, PSILCA or an equivalent social-riskscreening would strengthen the final version by providing country-level context forworker, community and governance-related risks.
In the absence of a completed PSILCA extraction, the country-level context is framedqualitatively as follows:
Pilot country /context Social-risk context relevantto D4.4 Treatment in thisassessment
UK / Wales Industrial and energy-systemcontext; simulation-basedFlexCHESS evidence usingthe FLEXIS demonstrationarea.

Treated primarily as asimulation and system-learningcontext rather than a directend-user social acceptancecase.
Slovenia DSO-led flexibility, EVcharging, PV systems andpossible flexible residential-load participation.

Focus on public/system value,EV-user participation, datareliability and DSO flexibility.

Spain Renewable EnergyCommunity in Bullas involvingresidential and municipalparticipants.

Strongest context forcommunity acceptance, benefitdistribution, participation andenergy autonomy.
Italy Utility/multi-building site withEV charging, PV, battery andHVAC/refrigeration assets.

Strongest context forcommercial-user acceptance,facility management, comfortprotection and operational costoptimisation.
Turkey Island energy-community andDSO context in Gökçeada,with wind, PV, battery, heatpump, EV assets and grid-stability needs.

Strong context for resilience,renewable integration andpublic/system value, but withhigher technical complexity.

The table above summarises the social-risk context relevant to D4.4 across the five FlexCHESS pilotcountries, together with how each context is treated within this assessment.
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6.3 Stakeholder Perception and Acceptance
Stakeholder perception and acceptance are central to FlexCHESS because theproject depends on the willingness of different actors to allow energy assets to bemonitored, aggregated and optimised for flexibility services. Acceptance is notexpected to be uniform across all stakeholder groups. Technical partners, DSOs andpilot operators are likely to show higher acceptance because they understand theoperational benefits of flexibility. End-users, prosumers and building occupants maybe more cautious, especially where automated control, personal consumption data,EV charging behaviour or thermal comfort are involved.
Based on the uploaded material, expected acceptance patterns can be summarisedas follows:

Pilot Likely acceptanceprofile
Supporting evidencefrom uploadedmaterial

Main acceptanceconsiderations
Spain / BullasREC High potentialacceptance due tocommunity-energystructure andvisible localbenefits.

The Spanish pilot siteidentifies Bullas as aRenewable EnergyCommunity with 18+participants, 7prosumers with PVplants, 3 batteries,and a municipal officewith 5 kW PV and abattery

Acceptancedepends on clarityof benefitdistribution,participation rules,data privacy andease ofonboarding.

Italy / IREN High acceptanceamongfacility/technicalstakeholders;moderateacceptance amongbuilding occupantsor EV users ifcomfort andconvenience areprotected.

The Italian pilot siteidentifies the site as acorporate facility withoffice buildings, multi-storey parking,refrigeration/HVACunits, EV charging,company EV fleet,rooftop PV andplanned batteryinstallation. It alsoframes theFlexCHESS value asharmonisingconsumption, storingexcess energy,redistributing during

Acceptancedepends onc o m f o r t - a w a r eHVAC control,predictable EVcharging, useroverride optionsand clearcommunication.



Project Number: 101096946Project Acronym: FlexCHESS Socio-Economic and Environmental Assessment

39 | P a g e

Pilot Likely acceptanceprofile
Supporting evidencefrom uploadedmaterial

Main acceptanceconsiderations
peaks andcoordinating EVcharging.

Slovenia /ElektroLjubljana
Medium–highacceptance amongDSO/systemactors; conditionalacceptance amongEV users andresidentialparticipants.

D4.2 identifiesSlovenian assets asEV charging stations,flexible residentialload requiringvolunteers, and PVsystems, with dataincluding EV SOC,DG forecasting, gridfrequency and ADMS-SCADA data. D4.3'sPilot 2 (SlovenianPilot – EV CommunityBased VESS) resultssection provides thecorrespondingacceptance anduptake evidence.

Acceptancedepends onincentives, EVcharging reliability,user consent anddata governance.

Turkey /Gökçeada Medium–highacceptance whereresilience andrenewable-energyintegration areunderstood aspublic benefits.

D4.2 identifies Turkishassets including a 100kWh battery, 16 kWair-to-air heat pumpand 22 kW EVcharging station, withdata on load, EVSOC, battery SOCand PV/windgeneration. D4.3'sTable 7 (Validation ofclaims and KPIs at theTurkish pilot, p.100)confirms the validatedperformance of theseassets.

Acceptancedepends onperceived grid-stability value,reliability, publiccommunication andconfidence inautomatedbalancing.
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Pilot Likely acceptanceprofile
Supporting evidencefrom uploadedmaterial

Main acceptanceconsiderations
UK / Wales More limited directuser acceptanceevidence becausethe pilot issimulation-supported.

D4.3 reports theWelsh FLEXISdemonstration areasimulation results inFlexCHESS (Pilot 1,Scenario A/B deliverypower curves, Figures8–9), covering localnetworks, powergeneration, storage,industrial loads andpublic/commercialload.

Useful forindustrial/systemlearning, but lesssuitable for directclaims aboutcommunity or end-user acceptance.

Overall, the available evidence supports a cautiously positive assessment ofstakeholder acceptance, particularly among technical and institutional actors. Themain acceptance risks are not opposition to the concept of flexibility itself, but practicalconcerns: privacy, complexity, automation, comfort, convenience, unclear incentivesand uncertainty about real-market benefits.
6.4 Behavioural Change and Engagement
Behavioural change in FlexCHESS should be understood in two ways. First, there isdirect behavioural change, where users actively adjust charging, consumption orparticipation patterns. Second, there is indirect behavioural change, where automatedenergy-management systems shift consumption while users remain informed,consenting and able to retain control.
At the current stage, FlexCHESS behavioural impact comes through enabledbehaviour and structured engagement, rather than large-scale manual behaviourchange. The platform and CHESS Node approach allows assets to be registered,aggregated and optimised, reducing the need for constant user action. However, usersstill need to understand the value of flexibility, accept participation and trust how theirassets and data are managed.
The key behavioural pathways are:
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Behaviouralpathway Description Most relevantpilots
Energy awareness Users become more aware of energytiming, PV production, peak periods andflexible consumption.

Spain, Slovenia,Italy, Turkey

Load shifting Consumption or charging is shifted tooff-peak or renewable-rich periods. Spain, Italy,Slovenia
Smart EV chargingparticipation EV users allow charging to be scheduledor optimised while still meeting mobilityneeds.

Italy, Slovenia,Turkey

Renewable self-consumptionbehaviour
Energy-community participantsunderstand the value of using locallygenerated renewable energy.

Spain, Turkey

Trust in automatedoptimisation Users accept that automated systemscan improve costs, grid stability or self-consumption without reducing comfortor control.

Italy, Slovenia,Spain

Institutional learning DSOs, utilities and technical partnersadapt working practices aroundflexibility, forecasting, digital twins andCHESS Nodes.

All pilots

D4.3 provides evidence that these behavioural pathways are technically relevant. ForItaly, the real IREN peak-shaving and cost-optimisation demonstrations (Figures46–49) show monitoring of real-time demand, EV charging-station demand and batterySOC, with charging schedules adjusted to delay or reduce charging during peakperiods. It also confirms cost optimisation through real-time electricity prices, buildingconsumption, PV forecasts and battery SOC, with charging scheduled during low-price periods and reduced during high-cost periods.
For Spain, engagement is linked to energy-community participation. The Spanishworkshop describes an asset-onboarding and Renewable Energy Communitysubscription workflow, including battery asset creation, geocoding, REC CHESS Nodecreation, member invitation, acceptance, rulebook validation and active subscription.This shows that behavioural engagement is not only about electricity consumption; italso includes the social process of joining, accepting and participating in an energy-community flexibility structure.
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For Slovenia, D4.2 notes that flexible residential load requires volunteers. This isimportant because it shows that social participation and consent remain necessary forat least part of the flexibility model.
6.5 Perceived Benefits, Barriers and Social Risks
The uploaded material supports the identification of both positive socio-economicpathways and practical barriers. FlexCHESS is likely to be perceived positively wherethe value proposition is clear: lower energy costs, better renewable-energy use,improved grid stability, reduced peaks, smarter EV charging, and greater energyautonomy. At the same time, the material points to implementation barriers that mayaffect social acceptance and replicability.
6.5.1 Perceived Benefits table
Benefit Description Main pilots
Energy costoptimisation Charging, battery use and consumptioncan be shifted according to prices, PVavailability and demand peaks.

Italy, Spain,Slovenia

Renewable-energyself-consumption PV and wind generation can be bettermatched with storage and demand. Spain, Italy,Turkey
Grid stability andresilience Flexibility can support load balancing,frequency regulation and DSOoperations.

Turkey, Slovenia

Communityempowerment RECs can support local participationand shared energy value. Spain, Turkey

Operationalefficiency Facility operators can optimise buildings,EV charging and storage in coordinatedways.
Italy

Institutional learning DSOs, utilities and technical partnerslearn how to deploy flexibility servicesacross multiple regulatory contexts.
All pilots

The FlexPlatform architecture supports these benefits through forecasting, real-timedigital twins, decision support, flexibility service provision, smart energy managementand an Open Knowledge Platform. D4.2 identifies these as core tools for implementingthe use cases across the pilots.
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6.5.2 Barriers and Risks table
Barrier / risk Relevance to socio-economic assessment Mitigation logic
Complexity offlexibility concepts Non-technical users may noteasily understand CHESSNodes, aggregation, digitaltwins or market participation.

Use simple public-facingexplanations and pilot-specific examples.

Data privacy andtrust Smart metres, EV chargingdata, consumption profiles andautomated control may raiseconcerns.

Maintain GDPR-compliantsurvey and datagovernance;communicate what ismonitored and why.
Comfort impacts HVAC or flexible-load controlmay raise concerns amongbuilding occupants.

Use comfort-awarecontrol, pre-coolingstrategies and overrideoptions.
EV convenience Users may worry that smartcharging will interfere withmobility needs.

Guarantee minimum SOC/ departure-timerequirements and clearoverride options.
Market uncertainty Some value streams arecurrently simulated rather thanconnected to real markets.

Distinguish between FME-modelled value and actualmarket revenues.
Integration barriers SCADA, BMS, APIs, digitaltwins, MQTT, EV chargers anddata formats may delayimplementation.

Use phased MVPimplementation andpartner technical-validation workshops.
Unequal benefitdistribution Energy-community membersmay question who benefitsand how revenues areallocated.

Define transparentrulebooks, allocation rulesand communicationprocesses.

The Spanish workshop explicitly notes that the Flexibility Market Emulator is used formarket simulation and is not yet connected to real markets, while also identifyingplatform functions such as asset registration, CHESS Node management, rulebookvalidation and FSP orchestration. This supports a transparent reporting approach:
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social acceptance should be assessed against both current MVP capability and futureproduction-readiness.
6.6 Employment and Skills Development
At pilot scale, FlexCHESS is not expected to generate large direct employmentnumbers. However, it has clear relevance for skills development, technical capacity-building and future labour-market opportunities in energy flexibility, digital energysystems and distributed-resource management.
The main employment and skills impacts are expected in the following areas:
Skills / employmentarea Relevance to FlexCHESS
Digital energymanagement Technical partners and operators gain experience withCHESS Nodes, FlexPlatform tools, digital twins andflexibility workflows.
Data integration andinteroperability Staff develop capacity in APIs, smart-metre data,SCADA/ADMS, BMS integration, MQTT, Kafka/EventBus,digital twins and AAS models.
Energy-communityoperation REC managers and local energy actors gain knowledge inmember onboarding, compliance validation, self-consumption optimisation and benefit allocation.
EV smart chargingmanagement Operators learn to manage EV charging schedules, userconstraints, battery SOC and flexibility availability.
Facility and buildingoptimisation Building managers and technical staff gain skills in peakshaving, load shifting, HVAC flexibility and PV/batteryoptimisation.
DSO flexibilityoperations DSOs gain experience in near-real-time flexibility, loadbalancing, frequency regulation, activation monitoring andsystem-service design.

The pilot workshop material shows that workshops were designed not only fortechnical review, but also for learning and capacity building: objectives includedgaining knowledge of the FlexCHESS platform architecture, hands-on interaction withmodules, alignment of pilot use cases with platform maturity, feedback collection andimplementation planning. This is a clear capacity-building outcome of WP4 and T4.3.
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Employment impacts should therefore be reported carefully. The immediate impact isbest described as skills development and institutional capacity-building, rather thanconfirmed job creation. Future employment potential may arise in installation,maintenance, flexibility aggregation, data management, platform operation, smartcharging management, energy-community facilitation and digital-twin services.
Direct job creation at pilot scale is expected to be limited and should not be overstated.The more immediate socio-economic contribution of FlexCHESS lies in skillsdevelopment and institutional learning. Across the pilots, technical partners, DSOs,facility managers and energy-community actors are exposed to new competencies indigital energy management, DER integration, smart charging, forecasting,optimisation, digital twins, flexibility-service workflows and data governance. Theseskills are relevant to future replication and market uptake of flexibility services inEurope.
6.7 Key Exploitable Results and Socio-Economic Value
In addition to assessing the socio-economic and environmental value of the fivepilots, D4.4 considers the Key Exploitable Results (KERs) generated by FlexCHESS.These KERs are important because they represent the project outputs with thestrongest potential for reuse, replication, commercialisation, further research, policyuptake or service development after the end of the project.
The Grant Agreement identified several KERs with expected TRL progression,typically from TRL 5 or 6 towards TRL 7. By the end of the project, most KERs metor reached their target TRL, as confirmed in D5.5 (Key Exploitable Results); two —AI forecasting and ML data analytics models (AMU/ALWA) — reached TRL 6, onelevel below their TRL 7 target. These results are not only technical achievements;they also have socio-economic relevance because they enable new flexibilityservices, improve the usability of distributed energy resources, support renewable-energy integration, and create new business and market opportunities for theFlexCHESS partners and future adopters.



Project Number: 101096946Project Acronym: FlexCHESS Socio-Economic and Environmental Assessment

46 | P a g e

Expected versus actual TRL progression per Key Exploitable Result (KER). Grey markers indicate theTRL at project start; teal markers indicate the TRL actually reached, as reported in D5.5 (KeyExploitable Results). Hollow markers indicate the Grant Agreement's target TRL where this had not yetbeen reached by project end. All KERs met or reached their expected target, with the exception of AIforecasting and ML data analytics models (AMU/ALWA), which reached TRL 6 against a TRL 7 target.

The KERs indicate three important avenuew. First, they show that FlexCHESSproduces reusable results beyond the individual pilot sites. Second, they create abridge between technical validation and exploitation by identifying which outputs canbecome services, tools, APIs, platforms or business models. Third, they helpdemonstrate post-project value for stakeholders such as DSOs, aggregators, energycommunities, commercial and industrial sites, technology providers, researchers andpolicymakers.

Key ExploitableResult Lead /Partner(s) ExpectedTRLprogression
Socio-economic relevance forD4.4

Real-time digitaltwins fordistributed hybridenergy storageoptimisation

Toshiba TRL 5 -> 7 Supports transparent monitoring,optimisation and interoperabilityof hybrid storage assets,improving trust, system efficiencyand replication potential.
Energy Toshiba / TRL 5 -> 7 Enables charge/discharge
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managementsystem fordistributed hybridenergy storageoptimisation

AMU optimisation according to overallgoals, supporting cost savings,energy efficiency and improveduse of flexible assets.

VESS concept CardiffUniversity TRL 5 -> 7 Increases the flexibility of VPPsby sharing storage capacityacross distributed resources andincreasing self-consumption ofgreen generation.
VSoC estimator ofVESS CardiffUniversity TRL 5 -> 7 Provides an API/software tool toestimate available power andenergy capacities, improvingflexibility planning andoperational decision-making.
CHESS-plug Arcelik TRL 6 -> 7 Enhances smart plug capabilitiesfor energy-consumption,temperature, current and voltagedata collection, supporting user-level flexibility and optimisationscenarios.
Data analytics /Machine learningfor HESSs

AMU TRL 6 -> 7 Improves scalability andmodularity of data-analyticsapplications and supports real-time extraction of valuableinformation from energy curves.
Decision-makingfor VESSs AMU TRL 5 -> 6 Develops ML-based flexibility-index logic, supporting eligibilityanalysis, decision-making andprofitability of FlexCHESSinstallations.
Smart contract forVESSs RDIUP TRL 5 -> 7 Improves encryption, traceabilityand transparency in flexibilitytransactions, supporting trust,accountability and future marketparticipation.
Innovative systemfor forecasting AMU TRL 5 -> 7 Improves renewable-energyproduction forecasting andenergy-managementoptimisation, strengtheningflexibility and RES integration.
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Sharedknowledge basefor VESS
ALWA,Toshiba,AMU,RDIUP, CU

TRL 5 -> 7 Structures and normalisesVESS/VPP knowledge,supporting replication, capacitybuilding and knowledge transferacross partners and future users.
The table above summarises the ten Key Exploitable Results (KERs) generated by FlexCHESS, theirlead and contributing partners, expected TRL progression as defined in the Grant Agreement, and theirsocio-economic relevance for D4.4.

The socio-economic value of the KERs is particularly visible in relation to skillsdevelopment and institutional learning. Digital twins, forecasting tools, VESS decision-making, smart contracts and shared knowledge bases require new capacities in datamanagement, energy optimisation, flexibility-market logic, cybersecurity,interoperability and user engagement. These capacities are important for the futurelabour market around distributed energy systems and flexibility services.
At the same time, the KERs are reported as exploitable project outputs withdemonstrated or emerging validation, rather than as fully commercialised products.Their exploitation potential depends on partner-confirmed pilot results, TRL validation,market access, regulatory conditions, user acceptance, business-model maturity andcontinued post-project development.
6.8 Summary of Findings for Section 6
The S-LCA-aligned assessment indicates that FlexCHESS has a credible socio-economic value proposition across the five pilot contexts. The strongest expectedimpacts are:
• improved energy autonomy and participation in the Spanish REC context;
• improved facility-level cost and energy optimisation in the Italian pilot;
• DSO flexibility and EV smart-charging value in Slovenia;
• island-grid resilience and renewable integration in Turkey;
• system-learning and industrial flexibility modelling in Wales.
The main barriers are complexity, data privacy, automation concerns, comfort andconvenience risks, integration challenges and uncertainty around real-marketmonetisation.
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Taken together, the S-LCA-aligned findings support the central socio-economic claimof FlexCHESS: that the project delivers value to society as a whole, and not only tothe individual asset owner or operator. Public authorities and DSOs benefit fromimproved grid stability, congestion relief and deferred network reinforcement; energycommunities and prosumers benefit from lower energy costs, higher renewable self-consumption and greater energy autonomy; consumers and local communities benefitfrom a more reliable, resilient and lower-carbon energy supply; and the wider valuechain benefits from new skills, interoperable tools and exploitable results that can bereplicated across Europe. These distributed benefits, combined with a predominantlylow country-level social-risk context, provide an evidence-based foundation on whichpublic authorities, the energy community and other key stakeholders can support thefuture uptake of FlexCHESS solutions.

7 Economic Assessment: Cost-Effectiveness and LCCA
The economic assessment examines whether FlexCHESS can create financial andsystem-level value through the coordination of distributed energy resources, storageassets, EV charging, flexible loads and digital optimisation tools. The assessmentcombines Life Cycle Cost Analysis (LCCA), cost-effectiveness logic and business-model interpretation, and is developed in conjunction with the findings of D5.5(Incentive-based business model), which provides the project's CAPEX/OPEXestimates, revenue models and Business Model Canvases for the FlexPlatform toolsand CHESS Node services. It considers both direct economic benefits, such as energycost savings or potential flexibility revenues, and wider system benefits, such asavoided peak demand, improved renewable-energy use, reduced congestion andsupport for DSO/TSO flexibility needs.
The financial figures available for the pilots are treated as initial estimates or partner-reported assumptions rather than audited deployment costs, consistent with theevidence status of the corresponding figures in D5.5. CAPEX, OPEX, revenue andpayback values are therefore classified according to their evidence status:documented, partner-reported, simulated/modelled or validation data. The workshopmaterial nevertheless provides a strong basis for identifying the economic valuepathways of each pilot.
The FlexPlatform tools are designed to support forecasting, real-time digital twins,high-level decision support, flexibility-service provision, smart energy managementand knowledge/data sharing. These tools provide the operational basis for economicvalue creation, including storage sizing, flexibility activation, smart charging, peakreduction, energy-cost optimisation and coordination of DERs across CHESS Nodes.

7.1 Investment Costs (CAPEX)
Initial investment requirements vary significantly across the five pilots because thepilot contexts differ in scale, asset composition, level of existing infrastructure and
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integration complexity. Some pilots rely primarily on software integration and platformconnection, while others involve batteries, EV charging infrastructure, monitoringsystems, communication units, IoT devices or building-energy-managementintegration.
7.1.1 Investment Costs (CAPEX) table
Pilot EstimatedCAPEX / InitialInvestment Main Components EconomicInterpretation
Spanish Pilot– La Solar /Bullas REC

Approx. €500 peruser IoT devices, energy-managementsystem, smartmetering/control,CHESS integration,REC participationworkflow

Low-cost, community-oriented model.Economic viabilitydepends on number ofparticipating users, self-consumption gains,avoided grid importsand future community-level flexibility value.
Welsh Pilot –CardiffUniversity /FLEXIS

Approx.£252,150 Battery energystorage, controlsystems,measurement andcommunicationunits

Higher investmentprofile, but mainlyrelevant assimulation/system-learning evidence.Economic conclusionsshould be presented asmodelled rather thanfully operational unlesslive pilot cost data areavailable.
SlovenianPilot – ElektroLjubljana

Approx. €15,000 Software upgrade,FlexPlatformintegration, EVcharging / DSOflexibility interfaces

Relatively lowinvestment profile ifexisting EV charging,SCADA/ADMS andDSO infrastructure areleveraged. Value islinked to DSO flexibility,smart charging andavoided constraint-management costs.
Italian Pilot – Approx. IT services, batteryinstallation, CHESS Strong investment casedue to multi-building
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Pilot EstimatedCAPEX / InitialInvestment Main Components EconomicInterpretation
IREN €40,000–€50,000 Node hosting,PV/BESS/EV/HVACintegration, datainterfaces

optimisation, EVcharging coordination,PV self-consumption,battery use and peak-demand reduction.
Turkish Pilot– UEDAS /Gökçeada

Approx. €10,000 Server rental,CHESScomponents,integration ofbattery/heatpump/EV assets,DSO/ i s l and -g r i ddata connection

Investment valueshould be assessedagainst resilience,island-grid stability,renewable integrationandbalancing/frequencysupport, not only directrevenue.

Each pilot has a distinct set of available assets and controllable parameters. Forexample, the Spanish pilot includes air-conditioning units, DHW tanks, PV plants, heatpumps or split units, and batteries; the Italian pilot includes refrigeration/HVAC units,EVs and AC charging stations, battery storage and rooftop PV; and the Turkish pilotincludes a 100 kWh battery energy storage system, a 16 kW air-to-air heat pump anda 22 kW EV charging station.
The estimates above are used as the current economic baseline and are to beconsolidated with partner-confirmed values for equipment, installation, integration,software, cloud/server, communication, licensing and staff-time costs.
7.2 Operational Costs (OPEX)
Operational costs are expected to include maintenance, software or platform hosting,data communication, server/cloud services, technical monitoring, staff time,equipment servicing and, where relevant, battery and EV charging infrastructuremaintenance.
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7.2.1 Operational Costs (OPEX) table
Pilot EstimatedOPEX Main Components EconomicInterpretation
Spanish Pilot Expected tobe minimisedthrough IoT-basedoperation

Communication-device maintenance,smart metering,platform connection,local support

Low operational cost isimportant for RECscalability. OPEX mustremain low enough topreserveuser/community benefit.
Welsh Pilot Approx.£5,000/yearor around 2%of CAPEX

Batterymaintenance,monitoring/controlsystems

Should be interpreted inrelation to the simulationor modelled flexibilityvalue unless liveoperational use isconfirmed.
Slovenian Pilot Approx. €250per asset EV charging stations,PV maintenance,software/datainterfacemaintenance

OPEX is linked to thenumber of flexible assetsintegrated. Smartcharging and DSObenefits must justify per-asset operating costs.
Italian Pilot Beingconsolidated Energy,maintenance, ITservices, personneltime,battery/EV/HVAC/PVdata integration,CHESS Nodehosting

OPEX should beassessed against multi-building energy savings,avoided peak costs, PVself-consumption andEV chargingoptimisation.

Turkish Pilot Approx.€5,000/yearper asset
Server rental, datamanagement,CHESS componentmaintenance, assetmonitoring

OPEX should beassessed againstresilience and grid-stability value as well asdirect flexibility-servicepotential.

Smart energy-management tools can reduce operational costs, provide ancillaryservices and enhance the grid's ability to handle peak demand while minimising
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reliance on carbon-intensive power sources. This directly supports the economic casefor OPEX where recurring operating costs enable ongoing optimisation and flexibilityprovision.
7.3 Revenue Streams and Cost Savings
The main revenue and saving pathways differ by pilot because FlexCHESS is testedin different market, community, building and DSO contexts. For this reason, theeconomic assessment should not rely on a single revenue model. Instead, it shoulduse a value-stack approach, combining direct energy savings, avoided operationalcosts, simulated or future flexibility revenues, renewable self-consumption benefitsand system-level avoided costs.
7.3.1 Main Revenue and Saving Categories
Value stream Description Most relevantpilots
Energy bill savings Reduced energy costs through peakshaving, load shifting, smart chargingand use of low-cost tariff periods.

Spain, Italy,Slovenia

PV self-consumptionoptimisation Increased use of locally generated PVrather than importing from the grid orexporting at lower value.
Spain, Italy

Battery optimisation Charging during low-cost or high-renewable periods and dischargingduring high-cost or high-demandperiods.

Spain, Italy,Turkey

EV smart chargingsavings Scheduling EV charging according toprice, availability, user needs and gridconditions.
Italy, Slovenia,Turkey

Flexibi l i ty-servicerevenue Revenue from flexibility markets orsimulated flexibility services, includingDSO/TSO requests.
Slovenia, Italy,Spain, Turkey

Avoided grid oroperational costs Avoided congestion, reduced peak load,deferred reinforcement, reducedbalancing interventions.
Slovenia,Turkey, Italy

Ancillary service Frequency response, load balancing,voltage support or other system Slovenia,
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Value stream Description Most relevantpilots
potential services. Turkey, Wales
Community value Shared benefits through RECparticipation, self-consumption, localenergy autonomy and member-leveloptimisation.

Spain, Turkey

For Slovenia, D4.2 identifies EVs as a controllable and centrally managed resource.It states that smart charging can help users minimise costs during expensive peakperiods and maximise energy use during cheaper off-peak periods or favourabletariffs. It also notes that centrally managed EV charging stations simplifyimplementation and can provide benefits such as constraint management to DSOs.
For Italy, D4.3 provides one of the strongest cost-saving pathways. The FlexPlatformmonitors real-time building demand, EV charging demand and battery SOC, identifiesupcoming peaks, adjusts EV charging schedules, and uses battery discharge tosupport building demand during peak periods. It also uses real-time electricity prices,building consumption, PV forecasts and battery SOC to schedule EV charging andbattery charging during low-price periods, and reduce grid energy use during high-cost periods.
For Spain, the workshop material confirms that the Bullas Renewable EnergyCommunity scenario aims to maximise self-consumption, optimise costs and enablemarket participation. It also confirms that key data are available or identified, includinghistorical PV production, load consumption profiles, battery specifications and OMIEhistorical day-ahead market prices. However, real market integration is not yetavailable and the Flexibility Market Emulator is used for MVP testing.
7.4 Cost-Effectiveness Analysis
Cost-effectiveness measures whether the benefits of FlexCHESS justify theinvestment and operational costs required to deploy and maintain the system.Because the pilots differ significantly, the assessment should compare both directfinancial returns and system-level value.
The following indicators form the calculation framework for partner-validated economicdata:
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7.4.1 Cost-Effectiveness Analysis table
Indicator Calculation Logic Purpose
Cost per kWh offlexibility provided Annualised cost / kWh shifted,stored, discharged or activated Measures the cost ofusable flexibility.
Cost per kW offlexible capacity Annualised cost / kW of flexiblecapacity available Allows comparisonacross pilot sizes andasset mixes.
Cost per tCO₂
avoided

Annualised cost / tCO₂ avoided Links economic andenvironmental value.
Payback period Initial investment / annual netbenefit Measures timeneeded to recoverinvestment.
Net Present Value(NPV) Discounted benefits – discountedcosts Assesses long-terminvestmentattractiveness.
Internal Rate ofReturn (IRR) Discount rate at which NPV = 0 Indicates financialperformance of theinvestment.
Benefit–Cost Ratio Present value of benefits / presentvalue of costs Shows whetherexpected benefitsexceed costs.
Service efficiency Revenue or avoided cost / cost offlexibility provision Captures whetherflexibility services areeconomically useful.

The project's KPI logic also supports cost-effectiveness assessment. The Spanishworkshop identifies KPIs including CHESS Utilisation Efficiency, Source Contribution,Load Shifting Capability, Interoperability Latency, Flexibility Index and ServiceEfficiency. Service Efficiency is especially relevant to economic assessment becauseit links the revenue or value of flexibility to the cost of providing it.
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7.4.2 Pilot-specific cost-effectiveness interpretation table
Pilot Cost-effectiveness logic
Spain Strongest where REC participation increases PV self-consumption, reduces grid imports, supports battery use andproduces member-level cost savings. Revenue figures for thispathway are currently based on simulated market prices ratherthan live transactions, since the pilot has not yet been integratedwith OMIE (Spain's Nominated Electricity Market Operator) oran equivalent market operator; these figures should thereforecontinue to be treated as simulated/modelled until suchintegration is in place.
Italy Strong cost-effectiveness case due to multiple value streams:peak shaving, PV self-consumption, EV charging optimisation,battery use and multi-building demand management.
Slovenia Cost-effectiveness depends on whether EV smart charging andflexibility activation reduce DSO constraints and user chargingcosts.
Turkey Cost-effectiveness should include resilience and island-gridstability value, not only direct financial return. The 100 kWhBESS, heat pump and EV charger provide flexibility for loadbalancing and renewable integration.
Wales Economic outputs should be reported as modelled or simulation-based unless live operational cost and performance data areavailable.

7.5 Business Model Viability
The business-model assessment should recognise that FlexCHESS does notcorrespond to a single commercial model. The pilots suggest several potentialpathways, depending on whether the customer is an energy community, DSO, facilityoperator, EV charging operator, industrial site or aggregator.
From the D5.5 business-model assessment, three revenue models were identified:
Pay-as-you-use
Users or system actors pay according to metered flexibility provision, serviceactivation, optimisation use or platform interaction. This model is most relevant whereflexibility activations can be measured and monetised.
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Subscription fees
A fixed periodic fee is paid for access to CHESS Node services, FlexPlatformfunctions, monitoring, forecasting, optimisation or REC/flexibility-management tools.This may be suitable for energy communities, commercial buildings or DSOs seekingongoing service support.
Direct sales
Equipment, installation, integration and platform access are sold as a package. Thismodel may apply where customers require physical assets such as batteries, smartmetres, IoT devices or EV charging integration alongside software access.
Based on the uploaded evidence, each pilot suggests a different business-modelemphasis:
Pilot Most relevantmodel(s) Rationale
Spain / BullasREC Subscription + pay-as-you-use REC members may benefit from sharedplatform services, self-consumptionoptimisation and future flexibilityallocation.
Italy / IREN Direct sales + servicesubscription Multi-building optimisation may requireinstallation/integration plus ongoingenergy-management services.
Slovenia /Elektro Ljubljana Pay-as-you-use +DSO service model Flexibility activation and EV smartcharging can be linked to servicedelivery and constraint management.
Turkey / UEDAS DSO/resilienceservice model +direct integration

Island-grid resilience may justifyinvestment through avoided system riskand improved renewable integration.
Wales / CU Simulation / decision-support model Useful for modelling, planning and VESSdesign rather than immediate end-usercommercial deployment.

The strongest near-term business viability appears in pilots where FlexCHESS createsmultiple benefits at once. Italy combines energy-cost optimisation, peak shaving, EVcharging coordination and PV/BESS integration. Spain combines REC management,PV self-consumption, batteries and community-level value. Slovenia and Turkeyprovide strong system-value cases where flexibility may support DSOs, grid stabilityand avoided operational interventions.
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The Business Model Canvas material produced by the consortium provides additionalevidence that the KERs are not only technical outputs, but exploitable assets withemerging market pathways. The AMU BMC identifies possible revenue streamsincluding SaaS subscription access to the FlexCHESS platform and microservices,API usage fees for forecasting and optimisation, licensing of proprietary algorithms,consulting and integration services, revenue sharing on multi-market flexibilityvalorisation, and further research/public funding.
The IREN BMC frames the future FlexPlatform as a post-project solution for DSOs,aggregators, asset owners and energy utilities. It identifies value propositions aroundoptimisation and harmonisation of distributed assets, forecasting of controllable-assetusage, energy and cost optimisation, peak shaving and load shifting. It also identifiespotential revenue streams including platform licences, implementation support,maintenance support, personalisation costs and revenue schemes based on apercentage of customer savings.
The Toshiba BMC provides a further exploitation pathway, positioning FlexCHESS forcommercial and industrial site owners, data-centre operators, BESS/EVCSintegrators, DNOs, TSOs and flexibility-market actors. It identifies digital twins,optimisation engines, marketplace layers, forecasting, asset modelling and customeronboarding as core activities, with revenue streams including performance-basedfees, SaaS subscriptions, onboarding fees, marketplace transaction cuts andprofessional services.
Together, these BMCs show that FlexCHESS has several possible exploitation routes:platform-as-a-service, API-based services, algorithm licensing, integration andconsulting, performance-based savings models, flexibility-market revenue sharing,and partner-led deployment through DSOs, utilities, aggregators and technologyintegrators. This strengthens the economic assessment by demonstrating that theKERs can support future business models, even where final pilot revenue data are stillpending.
7.6 Interim Economic Conclusion
The available evidence suggests that FlexCHESS has a credible economic valueproposition. Operational monitoring data and validated savings or revenue figures, willbe quantified as partner data is consolidated. The most mature economic value casesare those where multiple value streams are stacked: energy-cost reduction, self-consumption, load shifting, peak shaving, flexibility provision and system-level avoidedcosts.
The assessment therefore distinguishes between:
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• confirmed economic mechanisms, such as smart charging, peak shaving, batteryoptimisation and PV self-consumption;
• modelled or simulated market potential, especially where the Flexibility MarketEmulator is used instead of real market integration;
• validation-stage quantified results, including measured energy savings, revenues,OPEX, payback and avoided costs.
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8 Environmental Impact Assessment: Curtailment and LCA
8.1 Curtailment Reduction
One of the primary environmental benefits of FlexCHESS is its potential to reducerenewable energy curtailment by improving the coordination between renewablegeneration, storage assets, flexible loads and energy consumption. Curtailmentoccurs when renewable electricity, particularly from PV or wind, cannot be used,stored or exported due to grid constraints, demand mismatch, technical limitations ormarket conditions. By using CHESS Nodes, battery storage, EV charging, heatpumps, HVAC flexibility and demand-response logic, FlexCHESS supports the time-shifting of consumption and the storage or local use of excess renewable generation.
The curtailment-reduction potential is particularly relevant in pilots with significantrenewable generation or renewable-community structures. The Spanish pilot is basedon a Renewable Energy Community in Bullas, with PV assets, batteries andcommunity participants. The Italian pilot includes rooftop PV, battery storage, EVcharging stations and HVAC/refrigeration assets. The Turkish Gökçeada pilot includestwo 0.9 MW wind turbines, a 0.21 MWp PV plant, a 100 kWh battery energy storagesystem, a 16 kW air-to-air heat pump and a 22 kW EV charging station, making itparticularly relevant for renewable integration in an island-grid context.
For D4.4, curtailment should be assessed through the following indicators:
Indicator Definition Data required
Baseline curtailmentrate Renewable generationcurtailed before FlexCHESSintervention

Historical PV/windgeneration, export limits,unmet generation
Post-implementationcurtailment rate Renewable generationcurtailed after CHESSoptimisation

Monitored or simulatedpilot data

Renewable energysaved fromcurtailment
kWh of renewable electricitystored, shifted or consumedinstead of curtailed

Battery, PV, wind, loadand storage data

Economic value ofavoided curtailment Monetary value of renewableelectricity that would otherwisebe wasted
Market price, tariff,avoided import cost orlocal valuation

Flexibilitycontribution to Share of avoided curtailmentenabled by BESS, EV Asset-level contributiondata



Project Number: 101096946Project Acronym: FlexCHESS Socio-Economic and Environmental Assessment

61 | P a g e

Indicator Definition Data required
curtailment reduction charging, HVAC or loadshifting

At the D4.4 evidence cut-off, curtailment figures are not harmonised across all pilots.The assessment therefore distinguishes between confirmed curtailment-reductionpotential, where assets and data streams are available, and measured or simulatedcurtailment reduction, where pilot monitoring or simulation outputs are available.
8.2 CO₂ Emissions Reduction
FlexCHESS contributes to CO₂ reduction through several pathways: increasing local
use of renewable energy, reducing reliance on grid imports during high-carbon or peakperiods, enabling battery-supported load shifting, and improving the efficiency ofenergy use across buildings, EV charging and community assets.
The FlexPlatform includes forecasting tools, real-time digital twins, decision-supportsystems, flexibility service providers, smart energy-management tools and an OpenKnowledge Platform. These tools provide the technical basis for environmentaloptimisation by forecasting renewable production, electricity consumption andgrid/storage conditions.
The main emissions-reduction pathways are:
Pathway Environmental logic Relevant pilots
Increased renewableself-consumption More locally generated PV/wind is useddirectly or stored instead of beingcurtailed or exported at low value

Spain, Italy,Turkey

Load shifting Consumption is shifted away from peakor high-carbon periods Italy, Spain,Slovenia
Smart EV charging EV charging is scheduled during low-cost, low-carbon or renewable-richperiods

Italy, Slovenia,Turkey

Battery optimisation Batteries charge during renewable-richor low-carbon periods and dischargeduring peaks
Spain, Italy,Turkey

DSO flexibility Flexibility reduces the need for inefficient Slovenia, Turkey
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Pathway Environmental logic Relevant pilots
balancing or reinforcement responses

Island-grid resilience Local flexibility reduces vulnerability andimproves renewable integration inconstrained grid systems
Turkey

For the Italian pilot, the FlexPlatform can use real-time electricity prices, buildingconsumption, PV production forecasts and battery SOC to schedule EV charging andbattery charging during low-price periods, while reducing grid energy use during high-cost periods. The same logic can support emissions reductions when low-price periodscorrelate with higher renewable availability or lower carbon intensity.
The following indicators provide the calculation framework for monitored or simulatedemissions data:
Indicator Required input
Baseline grid emissionsintensity gCO₂/kWh per pilot country or local grid area

Renewable energy usedlocally kWh PV/wind consumed directly or throughstorage
Renewable energy saved fromcurtailment kWh previously curtailed or unused

Load shifted kWh shifted from peak/high-carbon periods
Battery discharge replacinggrid imports kWh supplied from battery instead of grid

EV charging optimisation kWh charged during low-carbon or renewable-richperiods
Net emissions reduction tCO₂/year per pilot

At the D4.4 evidence cut-off, emissions reduction is reported as potential, modelled ormeasured according to the available evidence for each pilot.
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8.3 Ex-Ante Life Cycle Assessment (LCA)
A full ISO 14040/14044-compliant LCA inventory is not included in the uploadedmaterial. D4.4 therefore presents the LCA component as an ex-ante environmentalscreening rather than a complete quantified LCA, which is methodologicallyappropriate when stated transparently.
The ex-ante LCA considers the likely environmental effects of FlexCHESS across themain life-cycle stages:
Life-cycle stage Environmental aspects to consider
Manufacturing Embodied carbon in batteries, EV charging equipment,inverters, control devices, gateways, communicationequipment and ICT infrastructure
Transport andinstallation Delivery and installation of batteries, chargers, IoT devicesand supporting equipment
Operation Electricity consumption of control systems, digitalinfrastructure, monitoring systems and asset operation
Environmentalbenefits duringoperation

Avoided grid imports, reduced curtailment, increasedrenewable self-consumption, optimised EV charging,reduced peaks
End of life Battery recycling, EV battery reuse, electronics disposal,recovery of critical raw materials

The pilots differ significantly in their LCA relevance. Italy and Turkey involve physicalbattery, EV and control-system assets and therefore require closer attention toembodied carbon and operational benefits. Spain has strong relevance for PV self-consumption and community-scale optimisation. Slovenia is particularly relevant forEV charging and DSO flexibility. Wales is more relevant for simulation-basedenvironmental scenario analysis than for direct asset-level LCA.
A practical approach is to classify environmental impact evidence as follows:
Evidence category How to report
Confirmed asset-based potential Report where DERs, batteries, EVs, PV/wind andcontrollable loads are identified
Modelled Report where scenario or simulation data estimate avoided
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Evidence category How to report
environmentalbenefit emissions or curtailment

Measuredenvironmentalbenefit
Report only where operational monitoring confirms kWhshifted, renewable energy used or emissions avoided

Pending LCAinventory Identify missing embodied-carbon and end-of-life data

8.4 Resource Efficiency and Circular Economy Aspects
FlexCHESS supports resource efficiency by improving the utilisation of existing DERs,batteries, EV charging assets and flexible loads. Rather than relying only on newinfrastructure, the project tests how existing and planned assets can be digitallycoordinated through CHESS Nodes and FlexPlatform tools.
The digital twin and CHESS API material is particularly relevant here because itdemonstrates a system architecture that can represent assets digitally, monitor status,query submodels and support interoperability through AAS structures, Digital TwinExplorer, UUDEX/RabbitMQ, APIs and CHESS status/capacity interfaces. Thissupports circular-economy logic because better monitoring and asset visibility canimprove maintenance, extend operational life and avoid unnecessary over-sizing.
Resource-efficiency aspects include:
• optimised battery charging and discharging to avoid unnecessary cycling;
• intelligent State of Charge management;
• better use of existing PV, EV charging and HVAC assets;
• improved asset utilisation through aggregation;
• reduced need for redundant infrastructure;
• future potential for second-life EV batteries;
• improved monitoring and maintenance through digital twins;
• better planning of storage sizing through decision-support tools.
For D4.4, these aspects are presented as resource-efficiency pathways rather thanconfirmed circular-economy outcomes, unless partner evidence on batterydegradation, second-life use or recycling is documented.
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9 Institutional and Market Readiness
FlexCHESS is designed to test not only technical feasibility, but also institutional andmarket readiness for distributed flexibility services. Institutional readiness refers to theability of DSOs, energy communities, utilities, facility managers and technicaloperators to adopt and operate CHESS-enabled flexibility. Market readiness refers tothe ability of FlexCHESS assets and services to participate in flexibility markets,energy communities or future DSO/TSO flexibility procurement mechanisms.
9.1 Regulatory and Policy Compliance
Each pilot operates in a different regulatory and market context. This affects howflexibility can be activated, monetised and scaled.
Pilot Institutional / regulatory relevance
Wales / UK Simulation-based system learning; useful for industrial flexibility andVESS modelling, but direct market validation is limited unless linkedto live UK flexibility markets
Slovenia Strong DSO relevance; potential for EV smart charging,ADMS/SCADA-linked flexibility and constraint management
Spain Strong REC relevance; requires attention to energy-community rules,member participation, self-consumption allocation and market access
Italy Strong commercial-building and utility relevance; requirescoordination between building systems, EV charging, PV, BESS anddigital platforms
Turkey Strong island-grid and DSO resilience relevance; flexibility value maybe linked more to grid stability than conventional market revenue

9.2 Market Integration Readiness
The uploaded workshop and technical material show that FlexCHESS has a strongplatform and simulation basis for market-readiness testing. However, in several pilots,full real-market integration remains a future step.
Market readiness is therefore classified in three levels:
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Level Description D4.4 treatment
Technicalreadiness Assets, data flows, CHESSNodes, APIs and optimisationlogic are available or underdeployment

Can be reported as confirmedreadiness

Simulatedmarketreadiness
Flexibility Market Emulator orscenario testing is used tomodel market participation

Should be reported asmodelled or simulated value

Real marketreadiness Actual market participation,bidding, activation andsettlement occur
Should only be claimed wherepartner evidence confirms it

The Italian pilot demonstrates high technical integration complexity and readiness,involving Fox ESS BESS data/control, TLE EV charging data, IREN HVAC/PV data,Aveva Pi, AMU AWS, CHESS Node, FlexPlatform, Azure Digital Twin,UUDEX/RabbitMQ and API Gateway elements.
9.3 Interoperability
Interoperability is one of the strongest institutional-readiness outcomes ofFlexCHESS. The project uses CHESS Nodes, adapters, APIs, digital twins, AASsubmodels, UUDEX, RabbitMQ, MQTT and cloud-based integration environments toconnect heterogeneous assets and data sources.
The IREN deployment specification confirms the use of BESS/EV simulated adapters,HVAC/PV data adapters, FlexPlatform optimisation tools, UUDEX server, RabbitMQbroker, Fox ESS cloud services and Azure Digital Twin APIs.
This supports the conclusion that FlexCHESS is institutionally relevant because itprovides a replicable architecture for connecting assets that would otherwise remaintechnically and organisationally fragmented.
9.4 KER-Based Market Readiness and Exploitation Potential
The KERs provide an additional lens for assessing institutional and market readiness.While pilot performance data demonstrate site-specific readiness, the KERs showwhich project outputs can be transferred, adapted or further developed after the endof FlexCHESS. This is important because market readiness does not depend only onwhether a pilot works technically, but also on whether the resulting tools, services andmodels can be understood, adopted and financed by future users.
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The strongest market-readiness potential is associated with KERs that can bepackaged as digital services, APIs, optimisation tools or platform modules. Theseinclude real-time digital twins, the distributed HESS energy-management system,forecasting tools, data analytics and machine-learning applications, VESS decision-making tools and the VSoC estimator. These results align closely with the business-model pathways identified in the BMCs, especially SaaS access, API-based services,algorithm licensing, consulting, integration services and performance-based revenuemodels.
Institutional readiness is also strengthened by the smart-contract KER and the sharedVESS knowledge base. Smart contracts can support traceability, transparency andtrust in flexibility transactions, while the shared knowledge base can support capacitybuilding, standardisation and replication. These are particularly relevant for DSOs,aggregators, energy communities and policymakers seeking trustworthy andinteroperable flexibility solutions.
However, full market readiness remains dependent on regulatory frameworks, accessto flexibility markets, cybersecurity requirements, interoperability standards, customerwillingness to pay, and the ability of partners to maintain and develop the KERs afterthe project. Therefore, D4.4 classifies the KERs as exploitable results with strongsocio-economic and market potential, while distinguishing between outputs alreadyvalidated in pilot contexts and outputs requiring further commercial or regulatorydevelopment.

10 Cross-Pilot Comparison
The FlexCHESS pilots provide a diverse basis for comparing socio-economic,economic, environmental and institutional readiness across different Europeancontexts.
Pilot Main valueproposition Strengths Main constraints
Wales / UK Simulation-basedVESS andindustrial flexibilitylearning

Complex industrialsystem context; usefulfor scenario modelling
Limited direct end-user/socialacceptance evidenceif not live

Slovenia DSO flexibility, EVsmart charging andnear-real-time gridsupport

Strong DSO/systemrelevance; EV chargingand ADMS/SCADAdata potential

Requires userparticipation, datareliability andintegration with DSOsystems
Spain / Renewable Energy Strong community Market integration
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Pilot Main valueproposition Strengths Main constraints
Bullas Community andself-consumptionoptimisation

value; PV/batteryrelevance; localparticipation
and memberengagement needvalidation

Italy / IREN M u l t i - b u i l d i n goptimisation, EVcharging,PV/BESS/HVACintegration

Strong technical-economic value;multiple controllableassets; strong digitaltwin/adapter evidence

HVAC control,comfort, EV data andintegrationcomplexity

Turkey /Gökçeada I s l a n d - g r i dresilience,renewableintegration, loadbalancing andfrequencyregulation

Strong environmentaland system-resiliencevalue;wind/PV/BESS/EV/heatpump assets

I s l a n d - g r i dcomplexity,renewable variability,r e a l - t i m ecoordination

10.1 Success Factors
Across the pilots, the main success factors are:
• availability of flexible assets such as BESS, EVs, heat pumps, HVAC and flexibleloads;
• access to historical or real-time data;
• ability to integrate assets through CHESS Nodes and adapters;
• clear use-case mapping;
• technical workshops aligning pilots with platform capabilities;
• involvement of DSOs, energy communities, utilities and technical partners;
• digital-twin and API-based interoperability;
• clear communication of user and system benefits.
10.2 Common Barriers
Common barriers include:
• incomplete final monitoring data;
• complex integration across SCADA, BMS, EV charging, APIs and cloud systems;
• market-readiness gaps where real markets are not yet connected;



Project Number: 101096946Project Acronym: FlexCHESS Socio-Economic and Environmental Assessment

69 | P a g e

• uncertainty around flexibility revenue;
• user concerns about automation, privacy, comfort and convenience;
• difficulty attributing impacts to FlexCHESS alone;
• different regulatory frameworks across pilot countries.
10.2.1 Comparative Assessment
Assessment dimension Strongest pilots Notes
Community acceptancepotential Spain, Turkey Spain through REC; Turkeythrough island/communityresilience
Commercial optimisationpotential Italy Strongest multi-assetbuilding/EV/PV/BESS case
DSO system value Slovenia, Turkey Strong relevance to gridsupport and flexibility
Environmental potential Turkey, Spain, Italy Wind/PV/storage in Turkey;REC/PV in Spain;PV/BESS/EV in Italy
Interoperability evidence Italy Strongest uploaded technicalarchitecture evidence
Simulation/systemlearning Wales Useful for VESS and industrialflexibility modelling

10.3 Replicability and Scalability
FlexCHESS has strong replication potential because it tests a modular andinteroperable approach across diverse contexts: industrial simulation, DSO flexibility,renewable energy communities, commercial-building optimisation, EV smart chargingand island-grid resilience.
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10.3.1 Replication Potential Across EU Contexts
Replication context RelevantFlexCHESSevidence Conditions for replication

DSO flexibility Slovenia, Turkey Access to grid data, flexibilityactivation rules, DSO systemsintegration
Renewable EnergyCommunities Spain, Turkey REC governance, memberengagement, PV/storage assets,benefit allocation
Commercial /industrial sites Italy, Wales Building-energy data, controllableloads, BESS/EV/PV integration
EV smart charging Italy, Slovenia,Turkey EV charging data, user constraints,tariff signals, charging control
Island / constrainedgrids Turkey Local RES, storage, controllableloads, resilience planning
Digital twin / data-space models Italy API access, AAS models, digitaltwin infrastructure, cybersecurity

10.4 Scalability Considerations
Scalability depends on four main dimensions:

 Technical scalability
The CHESS Node architecture, adapters, digital twins, APIs and message brokerssupport modular expansion across additional assets and sites. The digital twinwalkthrough demonstrates CHESS adapter, CHESS status, submodel and dataspecification structures, as well as Digital Twin Explorer and AAS API query/updatefunctions.

 Economic scalability
Scaling requires business models that can cover CAPEX, OPEX, software operation,maintenance and flexibility service management. The most viable models are likely tocombine subscription fees, pay-as-you-use flexibility services and directintegration/installation packages.

 Regulatory scalability
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FlexCHESS can scale more easily where flexibility markets, DSO procurementmechanisms, energy-community frameworks and data-sharing rules are clear.
 Social scalability

Replication depends on user trust, clear incentives, transparent benefit distributionand simple communication of flexibility concepts.
10.5 Transferability to Non-Pilot Contexts
The main transferable elements are:
• CHESS Node architecture;
• DER onboarding logic;
• forecasting and optimisation workflows;
• digital twin / AAS / API structures;
• smart EV charging strategies;
• REC management and self-consumption optimisation logic;
• DSO flexibility and grid-support use cases;
• socio-economic assessment framework and T4.3 survey method.
The main non-transferable elements are site-specific: local regulation, tariffs, gridconstraints, available assets, stakeholder readiness and market access.
10.6 KERs as Replication Assets
The FlexCHESS KERs should be considered replication assets because they providetransferable tools, methods and service concepts that can be adapted beyond theoriginal pilot sites. Unlike site-specific pilot infrastructure, KERs such as digital twins,forecasting systems, data analytics, VESS decision-making, smart contracts andknowledge bases can be reused across different energy contexts, provided that localdata, market rules and stakeholder requirements are addressed.

KER / Exploitable Asset Replication potential Main replicationconditionsReal-time digital twins High Requires asset data,interoperability standards,API access andcybersecurity framework.Energy managementsystem for distributedHESS
High Requires controllableassets, optimisation goalsand integration with site orgrid systems.VESS concept and VSoCestimator Medium-High Requires aggregateddistributed resources andreliable estimation of
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available power/energycapacity.CHESS-plug Medium-High Requires user-sidedevices, data-collectioninfrastructure andacceptance of smartcontrol.ML/data analytics forHESSs High Requires historical/real-time data and adaptationto local energy behaviour.Decision-making tools forVESSs Medium-High Requires flexibilityindicators, eligibility logicand market/grid-servicerules.Smart contracts forVESSs Medium Requires regulatoryacceptance, transactionrules andblockchain/smart-contractgovernance.Forecasting system High Requires weather,production, consumptionand market data.Shared VESS knowledgebase High Requires partner/usercontribution, maintenanceand standardisation.
These KERs support replication because they reduce the need to rebuild theFlexCHESS logic from the beginning in every new context. Instead, future adopterscan adapt existing digital tools, data models, optimisation approaches, knowledgestructures and business models to new DSOs, RECs, commercial buildings, EVcharging communities, industrial sites or island grids.

11 Policy Recommendations
11.1 For EU-Level Policymakers

1. Harmonise flexibility market frameworks across Member States.2. FlexCHESS shows that flexibility services require interoperability not only attechnical level, but also at market and regulatory level. Different rules acrosscountries can limit replication.3. Support DSO flexibility procurement as an alternative to conventionalreinforcement.4. DSO-led pilots such as Slovenia and Turkey show the value of flexibility forcongestion management, load balancing, frequency support and resilience.5. Clarify data governance for energy communities and flexibility services.
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6. Smart metres, EV charging, digital twins and automated control require cleardata access, consent, privacy and cybersecurity rules.7. Promote interoperability standards and digital-twin approaches.8. EU policy should support standardised APIs, AAS models, data spaces andinteroperable asset descriptions to avoid vendor lock-in.9. Support energy communities as flexibility actors.10.The Spanish and Turkish pilots demonstrate that RECs and island communitiescan contribute to flexibility and renewable integration if rules and incentives areclear.
11.2 For National and Regional Authorities

1. Introduce technology-neutral flexibility tenders.2. Flexibility procurement should allow batteries, EVs, heat pumps, HVAC, PVand aggregated DERs to participate.3. Establish fair compensation mechanisms.4. Users, prosumers and communities should see clear benefits from participatingin flexibility mechanisms.5. Support pilot-to-policy feedback loops.6. National authorities should use Horizon Europe pilot evidence to identifyregulatory bottlenecks and update flexibility frameworks.7. Fund capacity-building for DSOs, municipalities and energycommunities.8. Flexibility requires technical, legal and organisational skills that are not yetequally available across Europe.9. Encourage transparent self-consumption and benefit-sharing models.10.This is particularly important for RECs and community-scale pilots.
11.3 For Distribution System Operators

1. Adopt open APIs and interoperable data standards.2. DSOs should avoid closed systems that prevent aggregation of distributedflexibility.3. Publish granular network constraint and flexibility-need data.4. Flexibility can only be valued if system needs are visible and actionable.5. Develop DSO–aggregator collaboration frameworks.6. CHESS-enabled flexibility depends on collaboration between asset owners,aggregators, platform operators and DSOs.7. Enable smart EV charging as a flexibility resource.8. EV charging should be treated as a controllable, user-sensitive resource thatcan reduce grid stress when managed transparently.9. Use digital twins and simulation to support planning.10.Digital-twin approaches can help DSOs test scenarios, understand assetbehaviour and plan flexibility procurement.
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In addition, policymakers and funding bodies should support the post-projectexploitation of validated digital-energy KERs. FlexCHESS demonstrates that flexibility-market development requires not only physical assets, but also digital twins,forecasting systems, interoperable APIs, decision-support tools, smart contracts,shared knowledge bases and viable business models. Future policy instrumentsshould therefore support the transition of such KERs from pilot validation todeployment, including through regulatory sandboxes, standardisation support,interoperability requirements, cybersecurity certification, and incentives for DSOs,aggregators and energy communities to adopt digital flexibility tools.

12 Conclusion
This deliverable has presented a socio-economic, economic and environmentalassessment of the FlexCHESS pilots, conducted under Task 4.3 and led by Citizensin Power (CIP), with input from the wider consortium and supporting evidence fromWP4, D4.2, pilot workshop material, digital twin documentation and the T4.3 surveyframework.
The assessment demonstrates that FlexCHESS provides a credible pathway forturning distributed energy resources into coordinated flexibility assets. Across the fivepilot contexts, the project shows how batteries, EV charging, PV, wind, heat pumps,HVAC systems, industrial loads, energy communities and DSO systems can beconnected through CHESS Nodes, FlexPlatform tools, digital twins and interoperabledata architectures.
12.1 Key Findings
Socio-economic impacts
FlexCHESS is expected to generate positive socio-economic value wherestakeholders understand the benefits of flexibility, trust the data governance modeland receive clear incentives. The strongest community relevance is found in Spainand Turkey, while Italy and Slovenia show strong operational and institutional value.

Economic viability
The strongest economic cases are those that combine multiple value streams: energy-cost optimisation, peak shaving, load shifting, PV self-consumption, EV smartcharging, flexibility-service potential and avoided system costs. Italy and Spain showstrong near-term business-model potential, while Slovenia and Turkey provide strongDSO/system-value cases.
Environmental benefits
FlexCHESS can support environmental goals by increasing renewable-energyutilisation, reducing curtailment potential, improving storage use, optimising EV
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charging and reducing peak-related grid stress. Final emissions and curtailmentvalues require pilot monitoring and LCA inventory data.
Institutional and market readiness
FlexCHESS has strong technical readiness in terms of interoperability, digital twins,APIs, CHESS Nodes and platform architecture. Market readiness varies by pilot andshould distinguish between simulated flexibility-market value and actual marketparticipation.
12.2 Main Contributions
The main contributions of D4.4 are:

 a multi-dimensional assessment combining S-LCA-informed analysis, cost-effectiveness logic, LCCA principles and environmental screening; a cross-pilot comparison of five European contexts; a structured methodology for distinguishing measured, modelled, partner-reported and validation-stage impact evidence; identification of socio-economic barriers and enablers; policy recommendations to support flexibility-market development andreplication; a T4.3 stakeholder-engagement framework for validating social acceptance,perceived benefits and barriers.
12.3 Limitations and Future Work
This assessment is based on evidence available at the M36 cut-off; subsequentreporting will incorporate consolidated partner monitoring and validation data as itbecomes available.
Nevertheless, the evidence available demonstrates that FlexCHESS has strongpotential to support Europe's energy transition by making distributed assets moreflexible, interoperable, socially useful and environmentally relevant.
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List of KERs according to Grant Agreement – FlexCHESS Key ExploitableResults, partner ownership, WP allocation, TRL progression and expectedimprovements.FlexCHESS KER Data Collection Files – AMU, CU, RDIUP, Arcelik, Toshibaand UniGe partner inputs.FlexCHESS Business Model Canvas Evidence – AMU, Arcelik, CardiffUniversity, Elektro Ljubljana, IREN, MIW/LaSolar, Toshiba, UEDAS and RDIUPEVYLOR/Skycamera BMC files.Business Model Canvas – Strategyzer template used for partner exploitationmapping.

14 Annexes
14.1 Annex 1: Ethics & Data Protection
All socio-economic data collected under Task 4.3 complies with GDPR and ethicalresearch standards. Participation is voluntary, based on informed consent, and datais anonymised. No sensitive personal data is collected. Data is used solely forresearch, reporting and policy analysis purposes. Participants may withdraw at anytime without consequences.
16.2 Annex 2: Evidence Classification Matrix
Evidence Type Definition How Used in D4.4
Confirmed documentaryevidence Information directlyavailable in D1.1–D1.5,D4.2, D4.3, D5.5,workshop files, technicalguides and surveydocumentation

Used to describe concepts,use cases, assets, datastreams, platformcapabilities and readiness

Partner-reported/surveyevidence Responses from T4.3survey, partner data tablesor interviews
To validate satisfaction,acceptance, behaviourchange and pilot-specificimpact
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16.3 Annex 3: KER and Exploitation Evidence Matrix
Evidence type Source Use in D4.4GA-listed KERs List of KERs according toGA Used to identifyexploitable projectoutputs, TRL progressionand expectedimprovements.Partner KER datacollection files AMU, CU, RDIUP, Arcelik,Toshiba, UniGe KER datasheets

Used to support partner-level exploitation mappingand future KER validation.Business Model Canvasfiles AMU, Arcelik, CU, EL,IREN, MIW/LaSolar,Toshiba, UEDAS, RDIUPEVYLOR and SkycameraBMCs

Used to identify valuepropositions, customersegments, revenuestreams, cost structuresand market pathways.D5.5 Incentive-basedBusiness Model D5.5 Used to connect KERs tomarket analysis,business-model viability,SWOT/PESTEL logic andexploitation planning.T4.3 Survey / Socio-economic framework T4.3 surveydocumentation Used to connect KERswith social acceptance,perceived benefits,barriers and stakeholdervalue.
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