
   

  

 

  

D1.2  

Framework for a flexibility-

centric energy and cross-

sector value chain, business 

use cases and KPI definition     
 

Funded by the European Union. Views and opinions expressed are 

however those of the author(s) only and do not necessarily reflect 

those of the European Union. Neither the European Union nor the 

granting authority can be held responsible for them 

 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

2 

D1.2 Work Package No. WP1 Task/s No. Task 1.4  

Work Package Title Regulatory analysis, proposals for efficient flexibility mechanisms and 

ŘŜƳƻƴǎǘǊŀǘƻǊǎΩ ŦǊŀƳŜǿƻǊƪ 

Linked Task/s Title Business Use Cases and KPI definition 

Status Final (Draft/Draft Final/Final) 

Dissemination level PU (PU-Public / SEN- Sensitive, limited under the 

conditions of the Grant Agreement / Classified R-

UE (EU Restricted) / Classified C-EU (EU 

Confidential) / Classified S-EU (EU Secret) 

Due date deliverable 2024-02-29 Submission date 2024-02-29 

Deliverable version  1.0 

 

Document Contributors 

Deliverable responsible INESC TEC 

Contributors Organization Reviewers Organization 

Ricardo Bessa INESC TEC Jean-Christophe Pazzaglia SAP 

José Villar INESC TEC Stéphane Dotto SAP 

Fábio Coelho INESC TEC Pau Lloret TV 

Luís Rodrigues INESC TEC   

Kamalanathan Ganesan INESC TEC   

João Mello INESC TEC   

Diogo Faria INESC TEC   

Matteo Troncia COMILLAS   

José Pablo Chaves COMILLAS   

Miguel Ángel Ruiz Hernández COMILLAS   

Eliana Carolina Ormeño Mejía  COMILLAS   

Tomás Gomez COMILLAS   

Leonor Ruiz SOULSIGHT   

 

  



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

3 

Document History 

Version Date Comment  

0.1 2024-01-09 Draft version 

0.2 2024-01-17 Draft version for review 

0.3 2024-02-23 Revised version 

1.0 2024-02-26 Final version 
 

  

 

  



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

4 

Table of contents 

Document Contributors 2 

Document History 3 

Table of contents 4 

List of figures 9 

List of tables 12 

List of abbreviations 16 

1. Executive Summary 18 

1.1. Flexibility business models and flexibility value chain 18 

1.2. Business use cases to be demonstrated 22 

2. Introduction 26 

2.1. BeFlexible project 26 

2.2. Work Package 1 organization and interaction with other Work Packages 26 

2.3. Scope and objectives of this deliverable 27 

2.4. Deliverable structure 28 

3. Energy and Cross-sector Flexibility Centric of Business Models 29 

3.1. Business Models review 29 

3.1.1. BMs for DERs provision 29 

3.1.2. BMs for DERs provision as a Service 31 

3.1.3. BMs to reduce the electricity bills of flexible Consumers 34 

3.1.4. BMs for cross-sector activities 36 

3.1.5. BMs for the operation of power grids 37 

3.1.6. BMs for supplying energy to Consumers 40 

3.1.7. BMs for communities 40 

3.2. Role model and characterization of BeFlexible Business Models 42 

3.2.1. Energy and Cross-sector Flexibility Centric Role Model 42 

3.2.2. BeFlexible Business Models 44 

3.3. Financing mechanisms 66 

3.3.1. Equity 67 

3.3.2. Debt 67 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

5 

3.3.3. Mezzanine 68 

3.3.4. Crowdfunding 68 

3.3.5. Energy Performance Contracts 69 

3.3.6. Fiscal incentives 69 

3.3.7. Financial incentives 69 

3.3.8. Self-financing 71 

3.3.9. Summary 71 

3.4. Business Models financing 73 

3.4.1. BM1: Traditional retailer 76 

3.4.2. BM2: Flex assets acquisition 76 

3.4.3. BM3: EaaS from retailer 76 

3.4.4. BM4: DERs from retailer 77 

3.4.5. BM5: Grid flexibility 77 

3.4.6. BM6: Cross-sector services. 77 

3.4.7. BM7: Flexible EC 77 

3.4.8. BM8: Flexible EC with shared assets 78 

4. Concept and design of the flexibility value chain 79 

4.1. Value chain design 80 

4.1.1. Flexibility capacitation 80 

4.1.2. Integration/Enablement 81 

4.1.3. Aggregation 81 

4.1.4. Negotiation preparation 82 

4.1.5. Market operation 83 

4.1.6. Activation and settlement 83 

4.1.7. Value chain and role model 84 

4.1.8. Roadmap 84 

5. Architecture of the Grid Data and Business Network 86 

5.1. Digital Platforms review 86 

5.1.1. Tiko 90 

5.1.2. Solmatch 93 

5.1.3. Piclo Flex 94 

5.1.4. Flexible Power 116 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

6 

5.1.5. Enedis platform 121 

5.1.6. OMIE platform 127 

5.1.7. NODES platform 132 

5.1.8. N-SIDE platform 137 

5.1.9. SIORD 139 

5.1.10. Atrias 145 

5.2. Flexibility products review 147 

5.2.1. ENA 147 

5.2.2. OneNet 155 

5.2.3. EUniversal 159 

5.2.4. EU-SysFlex 165 

5.3. Flexibility exchange proposal 166 

5.3.1. Pre-qualification 166 

5.3.2. Negotiation 168 

5.3.3. Market Operation 169 

5.3.4. Activation 170 

5.3.5. Validation & Settlement 171 

5.4. Basic Functionalities 173 

5.5. GDBN Flexibility Products and Flexibility Exchange 174 

5.5.1. Flexibility Products 174 

5.5.2. Short-term Dispatched 175 

5.5.3. Short-term Scheduled 175 

5.5.4. Flexibility Exchange Payloads 175 

5.6. GDBN Services 177 

5.6.1. Service: Install flexible assets in candidate consumers through service subscriptions. 177 

5.6.2. Service: Pair consumers with flexible assets and service providers exploiting flexibility BMs 178 

5.6.3. Energy Community Planning and Sizing 178 

5.6.4. Service: Operation and Management of Energy Communities 179 

5.6.5. Service: Consumer Education 179 

5.7. Deployment and life cycle 180 

5.8. Business Model for the GDBN 181 

6. BeFlexible Business Use Cases 183 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

7 

6.1. Use Cases Methodology 183 

6.1.1. Definitions 183 

6.1.2. Use cases identification and writing process 184 

6.1.3. Identification of business requirements 187 

6.1.4. Identification of KPI 188 

6.1.5. Benefits of the methodology for BeFlexible 189 

6.2. Overview of business use cases 190 

6.2.1. BUC01 ς Planning and sizing of energy communities considering customer flexibility 191 

6.2.2. BUC02 ς Operation, energy sharing and flexibility boosting of local energy communities 193 

6.2.3. BUC03 ς Optimize domestic thermal loads to reduce costs and boost flexibility 196 

6.2.4. BUC04 ς Long-term distribution grid congestion (and voltage constraints) management 197 

6.2.5. BUC05 ς Aggregation for TSO and DSO grid services 199 

6.2.6. BUC06 ς Short-term congestion constraints forecasting and management for local flexibility service activation

 202 

6.2.7. BUC07 ς Short-term congestion constraints forecasting and management for local flexibility service activation

 204 

6.2.8. BUC08 ς Crowd Balancing: Interoperable data exchange between stakeholders 205 

6.2.9. BUC09 ς Local and global market coordination for distributed resources system service provision 206 

6.2.10. BUC10 ς Dynamic constraints management for global flexibility activation in transmission system operation 208 

6.2.11. BUC11 ς Capitalizing on flexibility available by leveraging on water distribution network assets 209 

6.2.12. BUC12 ς Operating a value chain enabler for flexibility-centric energy and non-energy services 210 

6.2.13. BUC13 ς Combine energy services (production, storage) with mobility 212 

6.3. Business requirements 214 

6.3.1. Market and regulatory domain 214 

6.3.2. Social science and consumer engagement domain 218 

6.3.3. Others 219 

7. Conclusion 221 

8. References 224 

9. Annex I ς Workshop 242 

9.1. Overview 242 

9.2. Minute 242 

9.2.1. Overview of the Grid Data and Business Network 242 

9.2.2. Presentation of the flexibility-centric energy and cross-sector value chain 242 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

8 

9.2.3. User stories 243 

9.2.4. Compare the GDBN to other platforms 243 

9.2.5. Q/A session 243 

9.2.6. Description of the Role Model 243 

9.2.7. User-stories mapping 243 

9.2.8. Presentation of a roadmap 244 

9.3. Conclusions 245 

10. Annex II ς Business Use Cases template 246 

11. Annex III ς Business Use Cases Descriptions 256 

11.1. BUC01 ς Planning and sizing of energy communities considering customer flexibility 256 

11.2. BUC02 ς Operation, energy sharing and flexibility boosting of local energy communities 269 

11.3. BUC03 ς Optimize domestic thermal loads to reduce costs and boost flexibility 284 

11.4. BUC04 ς Long-term distribution grid congestion (and voltage constraints) management 291 

11.5. BUC05 ς Aggregation for TSO and DSO grid services 300 

11.6. BUC06 ς Short-term congestion constraints forecasting and management for local flexibility service 

activation 314 

11.7. BUC07 ς Short-term congestion constraints forecasting and management for local flexibility service 

activation 344 

11.8. BUC08 ς Crowd Balancing: Interoperable data exchange between stakeholders 369 

11.9. BUC09 ς Local and global market coordination for distributed resources system service provision 379 

11.10. BUC10 ς Dynamic constraints management for global flexibility activation in transmission system 

operation 405 

11.11. BUC11 ς Capitalizing on flexibility available by leveraging on water distribution network assets 413 

11.12. BUC12 ς Operating a value chain enabler for flexibility-centric energy and non-energy services 423 

11.13. BUC13 ς Combine energy services (production, storage) with mobility 435 

12. Annex IV ς Key Performance Indicators 452 

  



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

9 

List of figures 

Figure 1.1 ς Flexibility-centric and Cross-sector VC design ............................................................... 19 

Figure 1.2 ς Flexibility-centric and Cross-sector VC design ............................................................... 20 

Figure 1.3 - .ŜCƭŜȄƛōƭŜΩǎ .¦/ǎ ŘƛǾƛŘŜŘ ōȅ ŘƻƳŀƛƴΦ ............................................................................ 22 

Figure 2.1 ς Overview of the interactions between WP1 and other WPs ......................................... 27 

Figure 3.1 ς The Role Model of the flexibility VC ............................................................................... 42 

Figure 3.2 ς The Role Model adapted to BM1 ................................................................................... 47 

Figure 3.3 - The Role Model adapted to BM2 .................................................................................... 49 

Figure 3.4 - The Role Model adapted to BM3 .................................................................................... 52 

Figure 3.5 - The Role Model adapted to BM4 .................................................................................... 54 

Figure 3.6 - The Role Model adapted to BM5 .................................................................................... 56 

Figure 3.7 - The Role Model adapted to BM6 .................................................................................... 59 

Figure 3.8 - The Role Model adapted to BM7 .................................................................................... 61 

Figure 3.9 - The Role Model adapted to BM8 .................................................................................... 64 

Figure 4.1 ς Flexibility-centric and Cross-sector VC design ............................................................... 80 

Figure 4.2 - Role Model mapping along the VC ................................................................................. 84 

Figure 4.3 - VC roadmap .................................................................................................................... 85 

Figure 5.1 Conceptual Architecture for the GDBN ............................................................................ 86 

Figure 5.2 - Overview of the Tiko platform [142] .............................................................................. 90 

Figure 5.3 - Overview of the Tiko system [145] ................................................................................. 91 

Figure 5.4 ς Tiko website and mobile app [142] ................................................................................ 92 

Figure 5.5 ς Progress between asset statuses according to Piclo (based on [160], [161] ................ 96 

Figure 5.6 ς View of qualifying and non-qualifying assets in a Piclo Flex competition [159] .......... 100 

Figure 5.7 ς Piclo Flex dashboard displaying competition entries statuses [165] ........................... 101 

Figure 5.8 ς Piclo Flex dashboard highlighting pricing signals of a competition [167] .................... 102 

Figure 5.9 ς Piclo Flex showing a list of competitions available in the UK [177] ............................. 105 

Figure 5.10 ς List of details related to competitions available in the UK [177] ............................... 106 

Figure 5.11 ς Details of a specific service window of a competition in the UK [177] ..................... 107 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

10 

Figure 5.12 - Piclo Flex sequence diagram (based on [180]) ........................................................... 116 

Figure 5.13 ς Overview of the implemented end to end flexibility process [182] .......................... 117 

Figure 5.14 ς % of utilisation fee received depending on % of flexibility provided [192] ............... 119 

Figure 5.15 - Overview of the end-to-end flexibility process used by Enedis [200] ........................ 121 

Figure 5.16 ς Potential, available and ended market calls (05/06/2023) [203] .............................. 122 

Figure 5.17 - Available market calls (Île-de-France, 05/06/2023) [203] .......................................... 124 

Figure 5.18 ς Example of an available market call (Île-de-France, 05/06/2023) [203] ................... 124 

Figure 5.19 ς Market architecture overview [215] .......................................................................... 128 

Figure 5.20 ς Preliminary screen for the market session request [215] ......................................... 129 

Figure 5.21 ς Market session steps for long-term products [215] .................................................. 130 

Figure 5.22 ς Short-term submarket processes [215] ..................................................................... 131 

Figure 5.23 - NODES market design [220] ........................................................................................ 133 

Figure 5.24 - NODES trading timeline [219] ..................................................................................... 134 

Figure 5.25 - Payment percentage and corresponding delivery percentage [223] ......................... 135 

Figure 5.26 - NODES marketplace model [219] ............................................................................... 136 

Figure 5.27 ς Overview of the end-to-end flexibility process used by N-SIDE  [224] ...................... 138 

Figure 5.28 - Stages for the implementation of flexibility at distribution grids [230] ..................... 140 

Figure 5.29 - Current data exchange architecture [232] ................................................................. 141 

Figure 5.30 - Future model for data exchange using SIORD [232] .................................................. 142 

Figure 5.31 - Stages of development of SIORD (green: phases completed by 2021) [228] ............ 143 

Figure 5.32 - Logical architecture of SIORD [228] ............................................................................ 144 

Figure 5.33 - Before and after the implementation of Atrias [235] ................................................ 146 

Figure 5.34 ς Interactions between time related attributes [248] .................................................. 159 

Figure 5.35 - Sequence for pre-qualification in GDBN ..................................................................... 167 

Figure 5.36 - Sequence for Negotiation in the GDBN ...................................................................... 168 

Figure 5.37 - Sequence for Market Operation in GDBN .................................................................. 169 

Figure 5.38 - Sequence for Activation in GDBN ............................................................................... 170 

Figure 5.39 - Sequence for Validation & Settlement with service in GDBN (alternative 1) ............ 171 

Figure 5.40 - Sequence for Validation & Settlement with service in DSO (alternative 2) ............... 172 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

11 

Figure 5.41 - GDBN lifecycle ............................................................................................................. 180 

Figure 6.1 - ¦ǎŜ ŎŀǎŜǎ ƛƳǇŀŎǘ ŀŎǊƻǎǎ .ŜCƭŜȄƛōƭŜΩǎ ǿƻǊƪ ǇŀŎƪŀƎŜǎΦ .................................................. 190 

Figure 6.2 - .ŜCƭŜȄƛōƭŜΩǎ ōǳǎƛƴŜǎǎ ǳǎŜ ŎŀǎŜǎ ŘƛǾƛŘŜŘ ōȅ ŘƻƳŀƛƴΦ .................................................... 191 

Figure 6.3 ς .¦/ ƳŀǇǇŜŘ ƛƴǘƻ ŜŀŎƘ .ŜCƭŜȄƛōƭŜΩǎ ǇƛƭƻǘǎΦ .................................................................. 191 

Figure 9.1 ς Grid Data and Business Network ................................................................................. 242 

Figure 9.2 ς Structure of the VC presented on the workshop ......................................................... 243 

Figure 9.3  - Mapping of the Flex capacitation stage of the user story Energy Community ........... 244 

Figure 9.4 - VC roadmap .................................................................................................................. 244 

Figure 9.5 - Structure of the VC after the workshop ....................................................................... 245 

 

  



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

12 

List of tables 

Table 1.1 ς Description of BUCs by domain ....................................................................................... 23 

Table 3.1 - Most relevant reviewed companies and projects regarding BMs for DERs provision .... 29 

Table 3.2 - Most relevant reviewed companies and projects regarding BMs for DERs provision as a 

Service ................................................................................................................................................ 32 

Table 3.3 - Most relevant reviewed companies and projects regarding BMs for the reduction of 

electricity bills for flexible Consumers ............................................................................................... 34 

Table 3.4 - Most relevant reviewed companies and projects regarding BMs for cross-sector activities

 ............................................................................................................................................................ 36 

Table 3.5 - Most relevant reviewed companies and projects regarding BMs for the operation of 

power grids ........................................................................................................................................ 38 

Table 3.6 - Most relevant reviewed companies and projects regarding BMs for the supply of energy 

to Consumers ..................................................................................................................................... 40 

Table 3.7 - Most relevant reviewed companies and projects regarding BMs for ECs ....................... 41 

Table 3.8 ς Description of the roles included in the BeFlexible Role Model ..................................... 43 

Table 3.9 - BM evaluation methodology ............................................................................................ 45 

Table 3.10 ς BMC structure and building blocks ............................................................................... 46 

Table 3.11 - Match between actors and roles in BM1 ....................................................................... 47 

Table 3.12 ς BM1 evaluation ............................................................................................................. 47 

Table 3.13 - BMC of BM1 ................................................................................................................... 48 

Table 3.14 - Match between actors and roles in BM2 ....................................................................... 49 

Table 3.15 ς BM2 evaluation ............................................................................................................. 50 

Table 3.16 - BMC of BM2 ................................................................................................................... 50 

Table 3.17 - Match between actors and roles in BM3 ....................................................................... 51 

Table 3.18 ς BM3 evaluation ............................................................................................................. 52 

Table 3.19 - BMC of BM3 ................................................................................................................... 53 

Table 3.20 - Match between actors and roles in BM4 ....................................................................... 53 

Table 3.21 ς BM4 evaluation ............................................................................................................. 54 

Table 3.22 - BMC of BM4 ................................................................................................................... 55 

Table 3.23 - Match between actors and roles in BM5 ....................................................................... 55 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

13 

Table 3.24 ς BM5 evaluation ............................................................................................................. 57 

Table 3.25 - BMC of BM5 ................................................................................................................... 57 

Table 3.26 - Match between actors and roles in BM6 ....................................................................... 58 

Table 3.27 ς BM6 evaluation ............................................................................................................. 59 

Table 3.28 - BMC of BM6 ................................................................................................................... 60 

Table 3.29 - Match between actors and roles in BM7 ....................................................................... 60 

Table 3.30 ς BM7 evaluation ............................................................................................................. 61 

Table 3.31 - BMC of BM7 ................................................................................................................... 62 

Table 3.32 - Match between actors and roles in BM8 ....................................................................... 64 

Table 3.33 ς BM8 evaluation ............................................................................................................. 65 

Table 3.34 - BMC of BM8 ................................................................................................................... 65 

Table 3.35 - BM evaluation summary ................................................................................................ 66 

Table 3.36 ς Financing mechanisms characteristics .......................................................................... 72 

Table 3.37 ς Criteria to match BMs and financing mechanisms ....................................................... 73 

Table 3.38 ς Financing mechanisms and BMs criteria evaluation ..................................................... 75 

Table 5.1 - Reviewed platforms and their mapping along the flexibility-centric VC ......................... 88 

Table 5.2 - Table template to characterise Aggregator platforms .................................................... 89 

Table 5.3 - Table template to characterise flexibility market platforms ........................................... 89 

Table 5.4 - Table template to characterise data exchange platforms ............................................... 90 

Table 5.5 - Main characteristics of the Tiko Platform ........................................................................ 93 

Table 5.6 - Main characteristics of the Solmatch Platform ............................................................... 94 

Table 5.7 ς CƛŜƭŘǎ ǊŜǉǳƛǊŜŘ ǘƻ ǳǇƭƻŀŘ ŀƴ άƻǇŜǊŀǘƛƻƴŀƭέΣ άƛƴ ŘŜǾŜƭƻǇƳŜƴǘέ ƻǊ άƳƻǘƘōŀƭƭŜŘέ ŀǎǎŜǘ ƛƴǘƻ 

Piclo Flex  [159] .................................................................................................................................. 96 

Table 5.8 ς CƛŜƭŘǎ ǊŜǉǳƛǊŜŘ ǘƻ ǳǇƭƻŀŘ ŀ άǇƭŀƴƴŜŘ ŀǎǎŜǘέ ƛƴǘƻ tƛŎƭƻ CƭŜȄ  ώмрфϐ ................................. 98 

Table 5.9 ς Main characteristics of the Piclo Flex platform ............................................................. 107 

Table 5.10 ς Assets categories and types [180] ............................................................................... 109 

Table 5.11 ς Create a new flex asset: request body schema [180] ................................................. 109 

Table 5.12 ς Create a new planned asset: request body schema [180] .......................................... 112 

Table 5.13 ς Create a ballot: request body schema [180] ............................................................... 113 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

14 

Table 5.14 - Services provided by SPEN on the Flexible Power platform ........................................ 119 

Table 5.15 - Main characteristics of the Flexible Power platform ................................................... 120 

Table 5.16 - Uses cases summary [200] ........................................................................................... 122 

Table 5.17 - Main characteristics of the Enedis platform ................................................................ 125 

Table 5.18 - Main characteristics of the OMIE platform ................................................................. 131 

Table 5.19 - Main characteristics of the NODES platform ............................................................... 136 

Table 5.20 - Main characteristics of the N-SIDE platform ............................................................... 138 

Table 5.21 - States and measurements module for generation > 1MW ......................................... 144 

Table 5.22 - Main characteristics of the SIORD data exchange platform ........................................ 145 

Table 5.23 ςMain characteristics of the Atrias data exchange platform ......................................... 146 

Table 5.24 ς Characterization of flexibility products according to ENA .......................................... 149 

Table 5.25 ς Characterization of flexibility products as implemented by each DSO ....................... 150 

Table 5.26 ς Sustain product [240] .................................................................................................. 153 

Table 5.27 ςSecure product [240] .................................................................................................... 154 

Table 5.28 ς Dynamic product [240] ................................................................................................ 154 

Table 5.29 ς Restore product [240] ................................................................................................. 155 

Table 5.30 ς OneNet non-frequency control products attributes [217], [248] ............................... 157 

Table 5.31 ς EUniversal DSO needs and services to address them [249] ........................................ 159 

Table 5.32 ς Technical requirements for Corrective and Predictive Congestion Management Services 

[249] ................................................................................................................................................. 160 

Table 5.33 ς Technical requirements for Corrective and Predictive Voltage Control Services [249]

 .......................................................................................................................................................... 162 

Table 5.34 ς Technical requirements for Support Network Planning [249] .................................... 163 

Table 5.35 ς Technical requirements for Islanding [249] ................................................................ 164 

Table 5.36 ς Technical requirements for black start [249]. ............................................................. 165 

Table 5.37 - GDBN Basic Functionalities .......................................................................................... 173 

Table 5.38 - Flexibility Products selected for the GDBN .................................................................. 174 

Table 5.39 - BMC of the GDBN ......................................................................................................... 182 

Table 6.1 ς Example of business use case brief template. .............................................................. 186 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

15 

Table 6.2 ς Current situation of independent aggregators in the European Union. ....................... 217 

  



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

16 
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DEP Data Exchange Platform 
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FSP Flexibility Services Provider 

GDBN Grid Data and Business Network 

GDPR General Data Protection Regulation 
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HV High Voltage 

HVAC Heating, Ventilation, and Air Conditioning 

ICT Information and Communication Technologies 
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MV Medium Voltage  

NEMO Nominated Electricity Market Operator 
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P2P Peer-to-Peer 

PV Photovoltaic 

REC Renewable Energy Community 

SaaS Solar as a Service 

SCo Service Company 

SGAM Smart energy Grid Architecture Model 

SHaaS Smart Home as a Service 

SW Software 

ToU Time of Use 

TSO Transmission System Operator 
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WP Work Package 

XaaS Anything as a Service 
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1. Executive Summary 

This deliverable is developed in the scope of the BeFlexible project, which aims to increase energy systems 

flexibility. BeFlexible main goals are to enhance cooperation between system operators, while easing 

involvement from all energy-related actors. This is to be achieved through the validation and demonstration 

of adapted and proven cross-sector services, along with the creation of interoperable platforms for smart 

grids. This approach involves further developing pre-existing solutions and establishing a comprehensive 

system architecture framework essential for fostering new Business Models (BMs). These BMs will offer 

additional value to address consumers' needs, while complying with a stable regulatory framework. 

This document presents the work conducted and the outcomes derived from Task 1.3 ς Design of a flexibility-

centric energy and cross-sector value chain (T1.3) and Task 1.4 ς Business Use Cases and Key Performance 

Indicators (KPIs) definition (T1.4), part of Work Package 1. 

1.1. Flexibility business models and flexibility value chain 

T1.3 is centred in the analysis of flexibility-centric services and BMs, the identification of the flexibility energy 

and cross-sector Value Chain (VC), and the functional specification of the Grid Data and Business Network 

(GDBN), an interoperable digital platform to support and facilitate the activities of the flexibility-centric VC. 

First, a literature review of pre-existing BMs, either proposed in other projects or adopted by companies is 

carried out. The revised BMs are grouped in seven areas: BMs for Distributed Energy Resources (DERs) 

provision, BMs for DERs provision as a Service (including Energy as a Service (EaaS)), BMs to reduce electricity 

bills of flexible consumers, BMs for cross-sector activities, BMs for the operation of power grids, BMs for 

supplying electricity to consumers, BMs for communities. Here, it is identified a wide range of proposals and 

commercial models suitable for increasing consumer-side flexibility, operating grids, and create additional 

value from cross-sector activities such as mobility, safety, security, and healthcare.  

From the roles identified in the revised BMs, a role model is proposed, which includes the essential 

stakeholders to support the main activities to be developed within the VC. This approach assumes that BMs 

can be characterized by the different roles taken by the involved actors. Roles are performed by actors. Each 

actor can have several roles and, although each role can usually be played by several actors, legal issues may 

arise from the existing regulation. 

Most of the roles included in the BeFlexible role model are already envisioned in the Harmonised Electricity 

Market Role Model (HEMRM), with some new ones being added to complement certain activities, namely 

cross-sector BMs. The possible and most important interactions between these roles are presented in the 

following diagram. 
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Figure 1.1 ς Flexibility-centric and Cross-sector VC design 

As a summary of the BMs analysed, a set of eight main BMs is identified: 

¶ BM1: Traditional retailer. 

¶ BM2: Flex assets acquisition. 

¶ BM3: EaaS from retailer. 

¶ BM4: DERs from retailer. 

¶ BM5: Grid flexibility. 

¶ BM6: Cross-sector services. 

¶ BM7: Flexible EC. 

¶ BM8: Flexible EC with shared assets. 

The description of each BM is supported by a BM canvas, and they are also classified according to an 

evaluation methodology proposed by the authors. Furthermore, finance is examined by reviewing financing 

mechanisms (e.g., equity, debt, crowdfunding, etc) and evaluating their viability to support the proposed 

BMs. 

From the flexibility-centric BMs analysed and identified, the flexibility-centric VC is developed and described. 

The goal of the VC is to identify and characterize all the main primary and supporting activities needed for 

the flexibility provision and the actors involved. This is the base for the design of the GDBN to provide support 

to these activities. Indeed, the GDBN should facilitate the enrolment and support the engagement of 

flexibility stakeholders regardless of their role and flexibility potential. Moreover, it must provide means for 

energy markets to adapt to flexibility services and make DERs available and interoperable for all parties, thus 

contributing to unlock the flexibility of consumersΩ assets.   

The VC is divided in six stages, which are summarized next: 
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¶ Flexibility Capacitation: Identify the available ŎƻƴǎǳƳŜǊǎΩ ǎƛŘŜ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ƛƴŎƭǳŘŜǎ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ 

retrofit of assets using the BMs previously described. 

¶ Integration/Enablement: Operate and manage the assets previously installed, the configuration of 

Energy Management Systems (EMS) and Home EMS (HEMS), metering data processing, and the 

integration of consumers with digital platforms. 

¶ Aggregation: Operation of digital platforms by Aggregators and controlling assets after flexibility is 

negotiated. 

¶ Negotiation Preparation: Determine flexibility needs, identify flexibility zones, and calculate flexibility 

bids to be submitted. 

¶ Market Operation: Operation of a flexibility market platform, which collects bids and helps flexibility 

procures to select bids and formalize contracts. 

¶ Activation and Settlement: Activate contracted flexibility and settle it according to the contractual 

agreements. 

For each stage, the main roles along with primary and support activities essential for its operation are 

identified. The VC was presented to and validated with all the partners involved in WP1 during a workshop 

session. 

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

activities are represented in Figure 1.2. 

 

Figure 1.2 ς Flexibility-centric and Cross-sector VC design 
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From the VC it is possible to design the functional architecture of the GDBN, a digital platform to be 

developed in the scope of BeFlexible WP3 (T3.3). As already said, the GDBN is a multi-stakeholder platform 

that provides an integrated ecosystem to support the parties involved in the flexibility VC, such as consumers, 

Aggregators, service providers, and DSOs.  

To develop this functional specification, a review of pre-existing digital platforms was carried out, since the 

GDBN might include similar functionalities or interact with similar platforms, especially in the case of market 

platforms (e.g., OMIE platform, Piclo Flex, etc), where the objective of the GDBN is not to replace them but 

to offer an interoperable gateway to operate with them. This review includes the most advanced or 

widespread platforms identified and operating in Europe. Afterwards, by analysing the actors and systems 

interactions along the VC activities, the data exchange requirements of the GDBN, i.e., the information it 

might receive, store, and send, are identified.  

An essential part of the GDBN is the support to the provision and activation of flexibility. Consequently, it is 

crucial to identify or propose an end-to-end methodology for the provision of flexibility supported by the 

GDBN, which is also outlined in this document. It is divided in five phases, including: 

¶ Pre-qualification: Deals with the certification of Aggregators and flexible assets, ensuring they are 

financially and technically able to provide flexibility and participate in flexibility markets. 

¶ Negotiation Preparation: DSO forecasts grid constraints and if potential grid constraints are identified, 

and it is deemed that flexibility can solve them, the DSO forwards its needs to the market, so that 

Aggregators can submit bids. 

¶ Market Operation: Market clearing is done by the market platform, and final bids are selected by the 

DSO. 

¶ Activation: Flexibility from consumer-side assets is activated. 

¶ Validation & Settlement: Flexibility provided by each Aggregator is calculated using pre-agreed baselines, 

resulting in remuneration/penalties to be settled between the Aggregators and DSO. This last phase can 

be done with or without the support of the GDBN, as decided by the DSO. 

For each phase the main actors and systems and the timeline of their interactions and the conceptual data 

exchanged are identified and described.  

This proposal also addresses the definition of flexibility products that will be supported by the GDBN for 

demonstration purposes (although other products could easily be added), based on a literature review of 

existing flexibility products used in the revised platforms or proposed in other projects. The resulting 

products include: 

¶ Short-term Dispatched: the DSO procures, ahead of time, a pre-agreed change in the AggregatorΩǎ output 

based on its forecasted network conditions. It is used in situations where the DSO is certain that the 

flexibility will be needed, so that, when selected, the Aggregator reschedules its resources to comply with 

the selected flexibility. The aim is to help DSOs manage network constraints with high certainty, so the 

flexibility activation decision is taken well in advanced. 
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¶ Short-term Scheduled: the DSO procures, ahead of time, the option to activate a pre-agreed change in 

the Aggregators output based on its forecasted network conditions. However, the activation remains 

pending of a DSO decision closer to real time and according to actual grid condition, corresponding to a 

situation when the DSO is not certain if the flexibility will be needed. 

1.2. Business use cases to be demonstrated  

In T1.4, using the inputs from Task 1.1 ς Regulatory framework for fostering flexibility deployment: roles and 

responsibility of existing and new agents, Task 1.2 ς Proposal for flexibility mechanisms designs: from 

standalone mechanisms to efficient combinations, and T1.3, and in collaboration with Task 3.1 ς Definition 

of services and use cases (T3.1), the Business Use Cases (BUCs) to be demonstrated in the project pilots are 

designed, developed and described using the IEC 62559 use case methodology and template. 

This deliverable also describes the use cases drafted in BeFlexible for the business level of the Smart Grids 

Architecture Model (SGAM) framework, which enables the identification of business requirements for 

flexibility-centric services covering DSOs, TSOs, Aggregators, energy services providers, and other sectors 

such as mobility and water distribution.  

In BeFlexible, the identification and writing of BUCs drew inspiration from established methodologies, such 

as those in EU projects like FP7 evolvDSO, H2020 TDX-ASSIST, H2020 InteGrid, and H2020 OneNet, as well as 

the IEC 62559 standard. Initiated through an online workshop in January 2023, discussions with consortium 

members and end-users identified five key topics, leading to 20 new or improved business processes. 

Subsequent workshops and analyses resulted in a consolidated list of 13 BUCs across four domains: 

consumer/community-centric flexibility, grid-centric flexibility, TSO-DSO flexibility coordination, and cross-

sector flexibility boosters. The BUCs, presented in a standardised template, form the foundation for the 

system use cases (SUCs) in WP3 and contribute to the overall project objectives. Figure 1.3 depicts the 

BeFlexible BUCs. 

 

Figure 1.3 - .ŜCƭŜȄƛōƭŜΩǎ BUCs divided by domain. 
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Table 1.1 presents a summary of the BUCs.  

Table 1.1 ς Description of BUCs by domain 

Domain Business Use Case Short Description 

C
o

n
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r/
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m
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u
n
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n
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BUC01 ς Planning and 

sizing of energy 

communities considering 

customer flexibility 

For planning renewable energy communities (REC) and citizen energy 

communities (CEC), led by the Energy Community Manager, focuses on 

optimising capacities, sizing assets, and simulating pricing mechanisms. It 

emphasises social and environmental benefits and de-risks shared energy 

investments, maximises community gains, and contributes to sustainable, 

citizen-centred energy practices aligned with EU directives. 

BUC02 ς Operation, 

energy sharing and 

flexibility boosting of local 

energy communities 

For managing energy communities, led by the Energy Community 

Manager, explore market-based and centralised operation modes. The 

objective is to share energy among community members for self-

consumption and provide flexibility to the DSO. It involves optimising 

economic performance, considering various asset ownership models, and 

defining allocation coefficients and flexibility indicators. 

BUC03 ς Optimize 

domestic thermal loads to 

reduce costs and boost 

flexibility 

Optimal control of domestic thermal loads aims to enhance flexibility 

provision, decrease energy consumption, and lower associated costs. The 

approach includes strategies like peak-shaving, dynamic tariff 

optimisation, and device retrofitting to optimise energy use, reduce costs, 

and contribute to demand response services. 

G
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BUC04 ς Long-term 

distribution grid 

congestion (and voltage 

constraints) management 

Long-term congestion and voltage constraints management in the 

distribution grid. It aims to integrate flexibility into DSO grid planning 

processes, evaluating its value and potential contribution to smarter grid 

planning. Involves the procurement of local flexibility products to manage 

long-term congestions, deferring or eliminating the need for traditional 

system investments. 

BUC05 ς Aggregation for 

TSO and DSO grid services 

Aggregating flexibility from household thermal assets, battery energy 

systems, and building energy management systems. It aims to offer 

flexibility in the local market to the DSO for solving short and long-term 

congestion issues and provide flexibility to the TSO for various purposes. 

The Resource Aggregator engages in flexibility procurement processes, 

incentivises users to offer flexibility, decides on participation in different 

markets, and settles the flexibility provision, ensuring effective 

coordination with both TSOs and DSOs. 

BUC06 ς Short-term 

congestion constraints 

forecasting and 

management for local 

flexibility service activation 

Short-term congestion management through the procurement of local 

flexibility products by the DSO. It aims to integrate flexibility into DSO grid 

operation processes. The system evaluates the ability of the operator to 

procure the right amount of flexibility for congestions, ensuring 

responsiveness from Flexibility Service Providers (FSPs) in adhering to 

activation signals within specified characteristics and contractual terms. 

The process involves engaging in both day-ahead and intraday markets 

for flexibility procurement, monitoring delivery, and implementing 

penalties for non-compliance. 

BUC07 ς Short-term 

congestion constraints 

Short-term voltage constraint forecasting and management in the 

distribution grid. The objective is to compensate for local voltage 
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forecasting and 

management for local 

flexibility service activation 

violations using available active power flexibility from resources installed 

in the grid. The short-term control is performed on a day-ahead basis, 

and the resulting activation signal is adjusted using updated forecasts and 

grid conditions, requiring monitoring devices for enhanced grid 

observability and knowledge of the electrical grid model. 

BUC10 ς Dynamic 

constraints management 

for global flexibility 

activation in transmission 

system operation 

Integrating distribution grid-connected resources into global flexibility 

procurement and avoiding indirect contingencies on DSOs. The Traffic 

Light Model is implemented for coordination, where DSO constraints 

guide TSO resource selection, requiring coordinated prequalification 

processes and a secure data exchange platform. 

T
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a

tio
n 

BUC08 ς Crowd Balancing: 

Interoperable data 

exchange between 

stakeholders 

Describes how TSO, DSOs, and Balance Service Providers (BSPs) can 

register flexibility resources and exchange data via the Flexibility Register 

functionality during the resource prequalification process, facilitating 

TSO-DSO common information exchanges and BSPs participation through 

a single channel for multiple markets access. Moreover, it supports 

transactions for market operations and Traffic Light data exchange 

between stakeholders, enabling secure coordination between local 

markets and global markets. 

BUC09 ς Local and global 

market coordination for 

distributed resources 

system service provision 

Coordinating TSO and DSO procuring DER system services through local 

and global markets. Market-based coordination aims for efficient 

resource allocation, preventing over-procurement, avoiding network 

constraint violations, enabling value stacking, and enhancing overall 

economic efficiency. Coordination involves market phases to increase 

liquidity and depends on factors like service location, primary buyer, 

ƳŀǊƪŜǘ ǳǎŀƎŜΣ ŀƴŘ ¢{hΩǎ ŘƛǊŜŎǘ ŀŎǉǳƛǎƛǘƛƻƴ ŦǊƻƳ ŘƛǎǘǊƛōǳǘƛƻƴ-connected 

resources. 
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BUC11 ς Capitalizing on 

flexibility available by 

leveraging on water 

distribution network 

assets 

Explore methods to enhance cross-sector flexibility between water and 

electricity distribution systems. Objectives include leveraging the Water 

5ƛǎǘǊƛōǳǘƛƻƴ bŜǘǿƻǊƪΩǎ ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ŀŘŘǊŜǎǎ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘ ƛǎǎǳŜǎΦ ¢ƘŜ 

focus is on understanding water distribution assets, establishing 

monitoring processes for flexibility assets, and quantifying the flexibility 

potential for integration into electrical grids. 

BUC12 ς Operating a value 

chain enabler for 

flexibility-centric energy 

and non-energy services 

Operation of a flexibility-centric value chain enabler. Objectives include 

unlocking consumer flexibility, simplifying customer identification for 

Demand Side Flexibility services, establishing renewable energy 

communities, and creating business opportunities by connecting 

Prosumers, Aggregators, DSOs, and local flexibility platforms through the 

Grid Data Business Network.  

BUC13 ς Combine energy 

services (production, 

storage) with mobility 

Focuses on Electric Vehicle Supply Equipment (EVSE) powered by 

renewable energy, emphasising charging flexibility, digital platforms, and 

data sharing. The main actor, the Energy Facility Manager, aims to 

decarbonise corporate fleets, provide uniform EV charging tariffs, 

maximise local and grid renewable energy usage, and ensure optimal 

EVSE availability. It incentivises EV drivers for cost-effective and carbon-

friendly charging, offers convenient tariffs, optimises energy consumption 
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at homes, and facilitates data access for cross-sector service 

development. 

 

The BUC writing methodology served as a tool to document functional requirements, capturing the impact 

of energy flexibility, smart grid implementation, evolving market structures, and regulatory frameworks. 

Functional requirements align with the step-by-step use case description, ensuring clarity. Business 

requirements were identified for diverse aspects like regulation and market dynamics.  

The key business requirements identified in the BUCs descriptions were categorised into market and 

regulatory, social sciences and consumer engagement, and other requirements, including data privacy and 

security. 

The analysis focuses on DSO remuneration, regulatory experimentation, energy communities, aggregation, 

submetering, baseline, acquisition mechanisms, and market structure in the market and regulatory domain. 

It emphasises aligning BUC processes with existing regulations, addressing challenges in DSO remuneration, 

promoting regulatory experimentation, steering energy community regulations, ensuring compliance in 

aggregation activities, addressing submetering challenges, defining baselines for flexibility provision, 

handling acquisition mechanisms, and considering new market structures. 

The social science and consumer engagement domain highlight requirements for local energy communities, 

emphasising the need to clarify shared resource benefits, address data sharing concerns, establish 

contractual agreements, ensure effortless device/software installation for thermal loads, provide user 

control in automated processes, and prioritise non-energy services to drive user participation. 

This analysis also highlighted the significance of General Data Protection Regulation (GDPR) compliance 

across all BUCs involving customers, emphasising the commitment to legal and ethical standards in handling 

personal information and data.  

Finally, Key Performance Indicators (KPIs), categorised as technical, social, economic, and environmental, 

have been defined for each BUC in the project. Information includes type, definition, alignment with the 

Description of Action (DoA), targets, calculation methodology, and data collection procedure.  
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2. Introduction 

2.1. BeFlexible project 

The BeFlexible project, started in 2022, aims to boost energy system flexibility, improve cooperation between 

Distributions System Operators (DSOs) and Transmissions System Operators (TSOs) and ease participation 

for all energy-related actors. This is to be done by validating and demonstrating cross-sector services, creating 

interoperable smart grids platforms, and refining pre-existing solutions. To achieve these goals, it is crucial 

to establish a robust system architecture framework which can foster new Business Models (BMs) that 

address consumerǎΩ needs while complying with a stable regulatory framework. 

2.2. Work Package 1 organization and interaction with other Work Packages 

The main objective of Work Package 1 (WP1) is to set the general framework for BeFlexible. This is to be 

achieved by setting out proposals for the regulatory framework, market mechanisms, a background for 

flexibility-centric services and reference BMs, and by defining the Business Use Cases (BUCs) to be tested in 

the demonstrators along with the KPIs to evaluate the project outcomes. 

WP1 is divided in fours tasks: 

¶ Task 1.1 ς Regulatory framework for fostering flexibility deployment: roles and responsibility of existing 

and new agents (T1.1) 

¶ Task 1.2 ς Proposal for flexibility mechanisms designs: from standalone mechanisms to efficient 

combinations (T1.2) 

¶ Task 1.3 ς Design of a flexibility-centric energy and cross-sector value chain (T1.3) 

¶ Task 1.4 ς Business Use Cases and KPIs definitions (T1.4) 

The goal of T1.1 is to propose a framework to overcome existing regulatory barriers hindering the 

deployment of flexibility. This proposal involves strategies to address regulatory experimentation, establish 

remuneration schemes that include flexibility, establish ownership rules, ensure a level playing field in the 

use of flexible resources owned by system operators and third parties, and enable the aggregation of these 

resources. In T1.2 the goal is to propose new acquisition mechanisms and regulations that promote an 

efficient exploitation of flexibility and foster customer engagement. The results of T1.1 and T1.2 are provided 

in D1.1. 

Regarding the tasks associated with this document, T1.3 and T1.4. First, in T1.3, the objective is to design an 

energy and cross-sector VC to sustain flexibility-centric services and BMs. Since the VC is also meant to serve 

as the basis for the development of the Grid Data and Business Network (GDBN) in WP3, its pre-specification 

is included in this task. T1.4 is centred on the design and development of high-level BUCs to be demonstrated 

in the project pilots, and in the definition of KPIs, which are defined considering different dimensions: 

technical, economic, environmental, and social. 

In what concerns the interactions between these tasks and between this WP and other WPs (see Figure 2.1), 

T1.1 and T1.2 provide inputs to T1.3 and T1.4 (i.e. results of the regulatory framework analysis and efficient 

combination of flexibility acquisition mechanisms). Regarding the interactions with other WPs, outcomes of 
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WP2 help to define the VC and BMs in T1.3 and T1.4. Additionally, WP1 provides inputs for the 

implementation of the GDBN ƛƴ ²tоΦ CƻǊ ²tпΣ ²tр ŀƴŘ ²tсΣ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǇƛƭƻǘǎΣ ǘƘŜ 

interaction with WP1 is essential for the definition of the BUCs. At last, WP7 leverages on WP1 to address 

ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƻǊǎΩ ǊŜǎǳƭǘǎΣ and WP8 relies on WP1 outcomes for 

communication and dissemination activities. 

 

 

Figure 2.1 ς Overview of the interactions between WP1 and other WPs  
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and BMs. For that purpose, it is created a role model, which includes pre-existing and new market actors, 

and details the interactions between them. A set of new BMs is proposed, which are supported by a literature 

review of contemporary BMs implemented by companies and other projects. These new BMs are described 

using the proposed role model, and by using a Business Model Canvas (BMC). Additionally, they are evaluated 

according to an original evaluation methodology proposed by the authors of this work. At last, financial 

aspects are examined by assessing the most suitable financing mechanisms to fund the proposed BMs. 

Since the energy and cross-sector VC is also expected to be used as the basis for the development of the 

GDBN in WP3, its pre-specification is also described here. To conduct this work, first it is done a review of 

digital platforms associated with the provision of flexibility, since the GDBN has the potential to interact with 

similar systems in the future. Additionally, and to define data exchange requirements within the GDBN, it is 

important to anticipate the information it might receive, process, and transmit. Therefore, it is vital to 

describe a methodology for the provision of flexibility when incorporating the GDBN, which is outlined in this 

document. It is divided in multiples stages and includes all the main activities and steps for the provision of 
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review of pre-existing flexibility products used in other digital platforms, or proposed in other projects. The 

pre-specification of the GDBN is complemented by an overview of its services, deployment, and life cycle, 

and how it supports the proposed VC. 

In T1.4, the BUCs to be demonstrated in the pilots are designed, developed, and described using the IEC 

62559 use case methodology and template, along with the KPIs to assess the project outcomes. 

2.4. Deliverable structure 

The structure of this deliverable is the following: 

¶ Chapter 3 presents the reviewed BMs, the BeFlexible role model, a set of BMs proposed for this project 

and the financing mechanisms available to support them. 

¶ Chapter 4 illustrates the flexibility-centric energy and cross-sector VC, explaining its main steps and 

activities and actors involved in each one of them.  

¶ Chapter 5 presents the reviewed digital platforms, the proposed flexibility exchange framework, and the 

envisioned products. Additionally, it provides the pre-specification of the GDBN, including its services, 

data payloads and life cycle. 

¶ Chapter 6 describes the standardized methodology adopted for writing the BUCs, identifies business 

requirements and KPIs. Moreover, it provides an overview of all the BUCs included in this project. 

¶ Chapter 7, as a conclusive chapter, summarizes the work done and the objectives accomplished.  

Regarding the annexes, Annex I includes a summary and the results of a workshop where the design of the 

Flexibility-centric VC was presented to and validated with all the partners involved in WP1, Annex II presents 

the template used for the writing of the BUCs, Annex III includes all the BUCs developed within the project 

and, at last, Annex IV details all the KPIs. 
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3. Energy and Cross-sector Flexibility Centric of Business 

Models  

3.1. Business Models review 

In this section the most significant Business Models (BMs) identified in the reviewed literature are 

summarised and organized according to their nature, parties involved and objectives. The BMs selected are 

related to the provision of flexibility to third parties but are not limited to flexibility and try to account for 

other very linked activities such as the provision of flexibility resources or the management of these 

resources. The relationships between the roles/actors participating in these BMs are later described in 

section 3.2. 

3.1.1. BMs for DERs provision 

This first set of BMs is related to the provision of flexible and cross-sector resources to Consumers. In this 

BM a company supplies flexible assets to a residential, commercial, or industrial Consumer. In some cases, a 

Financing Entity can facilitate the access to the required funds. In general, the DERs provision BMs equip 

Consumers with assets that allow them to benefit from their own flexibility to optimize their economic 

efficiency, or to share the flexibility with other stakeholders, such as other Consumers, Retailers, Aggregators, 

DSOs, among others. The reviewed companies and projects and the most relevant BMs identified in each one 

are collected in Table 3.1. 

Table 3.1 - Most relevant reviewed companies and projects regarding BMs for DERs provision 

Area Business Model Reviewed companies and projects 

DERs Provision 

Photovoltaic (PV) systems 
provision   

Battery Energy Storage 
System (BESS) provision  

HEMS provision 
     

Water Heating (WH), Heat 
Pump (HP) and Heating, 

Ventilation, and Air 
Conditioning 

(HVAC)provision 

 

3.1.1.1. PV systems provision 

In this BM, a firm, acting as DER Provider, supplies solar PV systems to private and/or public property owners 

wishing to have a set of PV panels on their property whose primary use is typically self-consumption. In this 

case, the property owner, the DER Owner, and Consumer are all the same entity. There are several variations 

of this BM [1] that are described next. 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

30 

One alternative BM, adopted by some firms, is to simply sell the components necessary for a solar PV 

installation, allowing Consumers to choose between acquiring individual parts or a complete package with 

all the components [2]. However, in the most widespread BMs, the DER Provider offers solar PV systems 

tailored to the needs of each client that are ready for immediate use through a hassle-free process [3], [4].  

Some companies extend their offers with services to provide even more complete solutions. For instance, 

they might expand into other activities such as PV system maintenance and monitoring, or act as mediators 

between the Consumer and institutions that provide financing for the projects [1].  

Certain DER Providers even sell other equipment [5], [6], such as EV chargers, water heaters, heat pumps and 

batteries, which are meant to complement the PV system by better profiting from the self-consumed energy 

and create additional value to the Consumers when used together [1]. If the DER Provider is not a 

Manufacturer, it must acquire large quantities of the different parts from wholesalers or Manufacturers and 

combine them into packages, which are sold at a higher price to generate profit [1]. 

From the companies providing PV panels analysed, some are also Energy Suppliers, such as the cases of [6] 

and [5], showing how these firms often behave also as DER Providers. 

Regarding finance, Consumers can often choose between a single payment or monthly payments. Moreover, 

and due to environmental policies to promote RES, Consumers can also benefit from reduced VAT rates when 

acquiring PV panels [5] or from other governmental funds or subsidies that support the acquisition of these 

systems [7], [8]. Although none of the companies mentioned in this section use crowdfunding as a finance 

mechanism, it is a viable option for these types of BMs, and some examples can be found online [9]. For 

instance, in [10] PV systems are financed via crowdfunding, allowing impact-driven individuals to invest in 

projects aimed at fighting climate changes and help businesses to be more sustainable and to lower their 

energy costs, while receiving a financial return from these investments.  

3.1.1.2. BESS provision 

The typical BM consists in a company which takes role of DER Provider and sells BESS for users for behind the 

meter applications, such as ensuring backup power provision, increasing PV self-consumption, reducing 

demand during peak hours, benefiting from Time-of-Use (ToU) tariffs and providing flexibility to other parties 

[11]. There are plenty of companies selling new BESS to Consumers [12], [13], with some of them selling the 

batteries together with PV panels since BESS are a mean to increase PV panels value [14]. 

However, as an alternative to the delivery of new batteries, as described in [15], it is also possible to use 

second-life EV batteries to manufacture BESS. These BESS can be sold to residential, commercial, and/or 

industrial Consumer, being installed in their property. The buyer either pays for the system upfront or can 

ask for a loan to a Financial Entity, with the DER Provider acting as a mediator [15]. This technology allows 

thousands of used batteries with different levels of degradation to be aggregated, operated and used as one 

single stationary BESS [15]. As the number of EVs increases, more 2nd life batteries will become available, 

boosting this BM and helping to drive the shift to a circular economy, reducing waste and making these 

storage systems more affordable [16]. 
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3.1.1.3. HEMS provision 

Nowadays, Home Energy Management Systems (HEMS) are a growing sector. HEMS create value to 

Consumers by helping them to save energy and money by combining control and scheduling options, which 

can be used to help to adapt energy usage [17]. 

In this BM, the companies selling the HEMS system (DER Provider) usually produce custom made solutions 

to match the home and requirements of each Consumer [18], [19].  

The systems available in the market are capable of not only overseeing energy consumption and change the 

behaviour of appliances, but also of performing automated tasks to enhance comfort and security to 

homeowners [20]. 

Since most HEMS are highly personalized solutions, not a lot of information is available regarding under which 

conditions they are supplied to the Consumers. As such, there is a gap of information associated with 

payment terms, so it is not clear if, in real life implementations of this BM, Consumers are expected to pay 

for the system upfront or if they are allowed to pay it in multiple instalments. However, by analogy with to 

what happens in other BMs, possibly both options are available. 

3.1.1.4. WH, HP and HVAC provision 

In some cases, WH and HP are provided directly to Consumers by the Manufactures, but most commonly 

they are sold by a large reseller (DER Provider). Additionally, certain Retailers are selling smart WH to their 

Consumers, with the option to either make a one-time payment or recurring monthly payments until the cost 

of the device is covered, as in [21] and [22]. 

Comparably, HVAC systems are usually sold to the Consumers either by manufactures or resellers. Some 

Retailers also sell this equipment to Consumers, allowing them to opt between making a one-time payment 

or paying a recurring monthly, as in [23] and [24]. In these BMs, the Retailer, acting as DER Provider is, once 

again, responsible for installing and maintaining the device. 

Other BMs are based on retrofit hardware to control and optimise the consumption of electric WH, heaters 

and HP, helping their owners to lower energy bills, to automatically set heating schedules for time periods 

with lower prices, and to increase self-consumption (if available) [25]. 

3.1.2. BMs for DERs provision as a Service 

Apart from the traditional BM where a Supplier simply sells the resource to the Consumer, a BM that is often 

found across multiple sectors is the EaaS, a variation of the Anything as a Service (XaaS) [26]. EaaS is a BM in 

which a product is presented to a Consumer as a Service [26], that is, the product is not sold, but is instead 

rented to a Consumer who is charged for using it. From an economic perspective, this means that the 

customer swaps capital expenses for operational expenses. The seller is in charge of maintaining and 

repairing the product during the contract and can use information via the Internet of Things (IoT) for real-

time supervision and improvements [27]. 

The XaaS concept is not new, being introduced over sixty years ago by a company to promote the use of their 

copy machines in offices [27]. Nowadays, there are multiple examples of companies from inside and outside 

the energy sector adopting this type of BM, as evidenced by the existence of Solar as a Service, Energy Storage 
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as a Service, Charging as a Service, HVAC as a Service, Smart Home as a Service, Heating as a Service (see 

Table 3.2) but also Analytics as a Service, Blockchain as a Service, Data Storage as a Service, etc [28]. 

There are several advantages related to the EaaS BMs for the companies adopting it. The first advantage is 

particularly important for firms suppling costly or premium products. Because the EaaS model does not 

require customers to make upfront investments, expensive products become more affordable to a larger 

selection of customers, leading also to predictable and recurring revenue and/or cost streams. Another 

advantage of deploying an EaaS option is the continuous feedback loop received from the constant contact 

with the customer. This gives the Supplier valuable data to continuously learn about customer experience, 

ŜƴƘŀƴŎŜ ǘƘŜƛǊ ǇǊƻŘǳŎǘǎΣ ŀƴŘ ƛƳǇǊƻǾŜ ǘƘŜƛǊ ǎŜǊǾƛŎŜǎΦ ! ǘƘƛǊŘ ŀŘǾŀƴǘŀƎŜ ƛǎ ǘƘŜ ŎƘŀƴŎŜ ǘƻ ƛƴŎǊŜŀǎŜ ŎǳǎǘƻƳŜǊΩǎ 

loyalty. By making improvements based on the received feedback, it is possible to improve the quality of the 

service provided, increasing the loyalty of the Consumers [29].  

Table 3.2 - Most relevant reviewed companies and projects regarding BMs for DERs provision as a Service 

Area Business Model Reviewed companies and projects 

DERs Provision as a 
Service 

Solar as a Service 

 

Energy Storage as a Service 
 

Smart Home as a Service  

Charging as a Service 
  

HVAC as a Service   

3.1.2.1. Solar as a Service 

In Solar as a Service (SaaS), also known as PV as a Service, Consumers make use of their rooftops to install PV 

panels owned and managed by a 3rd party company. In this case, the 3rd party company is a DER Provider who 

is also responsible for the installation and maintenance of the equipment [30]. This BM might be attractive 

for Consumers since it allows them to enjoy the benefits of self-consumption without assuming any risks for 

the PV installation [31]. There are several companies implementing variations of this BM, as described next. 

In [32], the DER Provider is a Retailer. The advantages presented to the Consumers who adopt this BM are 

no investment costs, a maintenance service for the entire duration of the contract, a continuous monitoring 

of the PV plant in a control centre, and access to an energy management platform where it can be seen 

energy consumption and production from the PV panels [32]. This Retailer offers two variations of the SaaS 

BM. In the first one, the Consumer pays a monthly fee for the use of the panels that is proportional to the 

energy they produce (no fee if no energy is produced), with the Retailer ensuring that the monthly fee is 

always lower than the monthly savings resulting from self-consumption. Meanwhile, in the second one, the 

Consumer pays a fixed monthly fee, which depends on the characteristics of the installation and on the 
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expected production (forecasted savings). In both cases, the contract lasts up to 15 years, and once it is over, 

the Consumer can choose to become the owner of the PV panels at no additional cost, renew the contract 

an keep using the panels as a Service or not renew the contract and return the equipment to the Retailer 

[32], [33]. The same company also presents a BM more aligned with collective self-consumption and Energy 

Communities. To create such community, a Consumer with available space for installing PV panels start by 

contacting the DER Provider (who is also their Retailer). After a validation phase, neighbours are recruited to 

join the community and the PV panels are then installed. After they start producing, both the Prosumer and 

the neighbours receive a portion of the solar energy generated at a discounted price. Furthermore, they 

contribute to a more sustainable society, enhance their sense of community by being part of a sustainable 

energy sharing network and receive solar energy without any investment [34]. 

An alternative BM is depicted in [35], where another Retailer acting as DER Provider installs, operates and 

maintains a solar PV system on the roof of a selected user (roofer). The roofer can consume the energy 

produced by the panels and, in the case of a surplus, supply it to nearby Consumers (matchers), who are the 

other active participants in this program. Additionally, at the end of the 15 years contract, the roofer can 

keep the panels for free, improving their property's energy certificate. Since the DER Provider is also the 

Retailer, this simplifies the energy sharing and billing, and the compensations for the roof renting. In this 

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

for self-consumption (for matchers), and an unique billing scheme for electricity consumed from the grid (for 

matchers and roofers) [36]. 

There are other private entities offering subscription-based BMs for PV panels apart from those already 

described, such as [37] and [38]. 

3.1.2.2. Energy Storage as a Service 

Equivalent to SaaS, Energy Storage as a Service (ESaaS) allows Consumers to benefit from a BESS without 

purchasing it [39], paying a rental fee for the duration of the contract [40]. 

However, while various companies presenting SaaS BMs were found, not so many appear to be implementing 

ESaaS as a standalone option. Indeed, batteries are usually not offered as a Service on their own, but together 

ǿƛǘƘ t± ǇŀƴŜƭǎΦ ¢Ƙƛǎ ǎƛǘǳŀǘƛƻƴ ŀǇǇŜŀǊǎ ǘƻ ƛƳǇƭȅ ǘƘŀǘ .9{{ ŘƻƴΩǘ ǇǊŜǎŜƴǘ ŀǎ ƳǳŎƘ ǾŀƭǳŜ ǘƻ Consumers as PV 

panels or can only complement PV panels to bring real value. 

Even so, a few examples of companies adopting ESaaS were still found, such as in [41], where Consumers pay 

a monthly fee for the battery [42], similar to the BMs offered by others in [40] and [43]. 

3.1.2.3. Smart Home as a Service 

In Smart Home as a Service (SHaaS) the Consumer pays a monthly subscription for a HEMS system delivered 

by a DER Provider. This is a model that is meant for Consumers who want the convenience of a smart home 

without having to worry about any technical details [44]. Instead, it is the DER Provider that is responsible 

for supplying, installing and assuring the proper operation of all the devices related with the HEMS [45].   

In the reviewed BMs, it is mentioned how the DER Provider role can be taken by companies such as 

telecommunications operators, including Internet Service Providers (ISP) or cable TV providers [44], [45]. 
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3.1.2.4. Charging as a Service 

Charging as a Service (CaaS) can be used as an alternative to owning private EV Charging Stations (EVCS). This 

is regarded as a risk-free option for Consumers, without any upfront investments, where the only running 

costs are a monthly or annual fee paid to the DER Provider, who delivers a finished product and is responsible 

for operating and maintain the stations [46]. As such, the company offering the EVCS takes not only the role 

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

According to [46], the EVCS remains under the ownership of the DER Provider. Once the contract is over, the 

two parts can negotiate what do to next. For instance, the Consumer can buy the charging station from the 

DER Provider, or the contract can be extended, and the equipment upgraded or replaced by new models. 

The advantages associated with CaaS are the lower initial costs, more predictable expenses (avoids costly 

and unexpected repairs), lower risk, ease to upgrade (often included in the subscription) and easy scalability 

(adjustable for different EV charging needs over time) [47]. Furthermore, certain chargers allow users to 

profit from flexibility provision [48]. As a BM, CaaS seems to be broadly used by DER Providers, with multiple 

companies using this BM with only slight variations. 

3.1.2.5. HVAC as a Service 

HVAC as a Service (HVACaaS) is a new BM where a Manufacturer or DER Provider offers a subscription-based 

service for using their HVAC system, which they own and maintain. The equipment is actively operated and 

ƳƻƴƛǘƻǊŜŘ ōȅ ǘƘŜ 59w tǊƻǾƛŘŜǊΣ ǿƘƻΩǎ ŜƴǘƛǊŜƭȅ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƛǘǎ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ǘƻ ŜƴǎǳǊŜ ŀ ǇǊƻǇŜǊ 

functioning of the device [49]. 

3.1.3. BMs to reduce the electricity bills of flexible Consumers 

The next BMs are related to the reduction of electricity bills for Consumers, including residential, commercial, 

and industrial Consumers. They are summarized in Table 3.3 and described next. 

Table 3.3 - Most relevant reviewed companies and projects regarding BMs for the reduction of electricity bills for flexible Consumers 

Area Business Model Reviewed companies and projects 

Reduce the 

electricity bills of 

flexible Consumers 

Small Consumers optimizing 

electricity bills  

Large Consumers optimizing 

electricity bills   

 

The separation between small and large-sized Consumers takes place merely because their capacities and 

purposes are significantly different. For instance, a large industrial unit might dismiss an Aggregator because 

it already has a substantial load [50]. 

3.1.3.1. Small Consumers optimizing electricity bills 

In this BM, small-sized Consumers, such as households and small commercial or industrial firms, use their 

own flexibility to reduce electricity bills. The main strategies to reach this goal include: 
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¶ Energy price response ς A type of implicit flexibility [51] which encourages Consumers to adapt their 

consumption patterns to variable electricity prices [50]. Directive 2019/944, gives Consumers the right 

to have a tariff with dynamic price and, as such, there are multiple Retailers offering this option to their 

clients [52], [53]. 

¶ Network tariff response ς Another part of the implicit flexibility related to the grid access tariffs [51] 

which also encourages Consumers to react to variable, yet time-dependent, network tariffs [50]. Indeed, 

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

¶ Energy Performance Contracts ς An external organisation can sign an Energy Performance Contract with 

a Consumer [50]. Under an EPC, the external organisation implements a ǇǊƻƧŜŎǘ ƻƴ ǘƘŜ /ƻƴǎǳƳŜǊΩǎ 

property (e.g., renewable energy project or a project to increase energy efficiency)  and uses the streams 

of income, which come from the renewable energy production and/or from the energy bill reduction, to 

repay the costs of the investment [54]. 

¶ Installation of DERs and self-consumption ς Consumers can install DERs, produce electricity, and become 

Prosumers. So far, the most common technologies are solar PV panels and, if costs continue to decrease, 

BESS [50] (see 3.1.1 and 3.1.2). 

¶ Provision of flexibility ς Consumers can offer their flexibility to other parties, usually on a flexibility 

market and through an Aggregator [50] (see 0). 

¶ Energy Communities ς As recently defined in Directives 2019/944 and 2018/2001, RECs and CECs are 

meant to allow Consumers and Prosumers to cooperate in electricity generation and consumption 

following an approach that enables them to reduce costs [50] (see 3.1.7). 

3.1.3.2. Large Consumers optimizing electricity bills 

In this BM, a large-sized Consumer, e.g., an industrial unit, makes use of its internal flexibility to reduce 

electricity bills [50]. There are multiple strategies and mechanisms through which these Consumers can 

increase and/or take advantage of their internal flexibility for self-benefit: 

¶ Energy price response ς A type of implicit flexibility [51] which encourages Consumers to adapt their 

consumption patterns to variable electricity prices, for instance by altering working hours or shifts, in the 

case of industrial Consumers. This can be particularly attractive for energy-intensive Consumers, whose 

operating costs are highly affected by energy expenses [50]. 

¶ Network tariff response ς Another part of the implicit flexibility related to the grid access tariffs [51] 

which also encourages Consumers to react to variable network tariffs. Since network charges are more 

stable and predictable than energy prices, they can be a more interesting option for industrial 

Consumers, as it avoids recurrent changes in production schedules [50]. 

¶ Installation of DERs ς Consumers owning generators can fulfil part of their demand. Complementarily, 

they can install storage systems, such as BESS, to store generation surpluses [50]. 
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¶ Hydrogen production ς Another option is the production of hydrogen, which can be stored in tanks and 

later used to produce electricity, used as a fuel for vehicles, employed in industrial processes [55], or sold 

to nearby facilities [56]. 

¶ P2P trading ς Consumers can exchange energy among themselves via peer-to-peer transactions [50]. 

¶ Provision of flexibility ς Consumers can offer their flexibility to other parties, usually on a flexibility 

market (see 0).  

3.1.4. BMs for cross-sector activities 

This next set of BMs is related to activities not directly linked to the energy and flexibility VC, such as mobility, 

safety/security and healthcare services, as shown in Table 3.4. 

Table 3.4 - Most relevant reviewed companies and projects regarding BMs for cross-sector activities 

Area Business Model Reviewed companies and projects 

Cross-sector 

activities 

Optimizing EV charging 
   

Safety/security, healthcare, 

and social services for 

residential Consumers 

    

   

Minimizing 

non-renewable consumption  

3.1.4.1. Optimizing EV charging 

In the first BM of this group, based on the one presented in [57], an EV Aggregator (EVA) connects a set of 

EV to the grid by means of a digital platform, enabling them to provide flexibility by controlling the charging 

process. By pulling data directly from the EV, the EVA uses a software that helps to predict aspects such as 

when EV users are more likely to charge their vehicles based on driving patterns, how quickly the number of 

EV is growing in a certain area and how that might affect the capacity limits of power lines. By allowing their 

EV to provide flexibility for system operators via an EVA, Consumers get access to cheaper electricity tariffs 

[58]. In some cases the exchanged data is sent directly from the EV to the online platform, because some 

chargers are not yet capable of sharing the necessary information [59]. 

EVA can help to flatten peak loads, minimize EVs batteries degradation, reduce energy costs and decrease 

carbon emissions by ensuring more vehicles charge during the hours with more production from RES [60] 

and less grid overload. 

3.1.4.2. Safety/security, healthcare, and social services for residential Consumers 

This BM is enabled by smart meters and HEMS and can be implemented in residential buildings to deploy 

safety/security, healthcare, and social services. 
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Residential energy data obtained from smart meters can be used to check the health and wellbeing of the 

inhabitants. This involves a remote and non-intrusive load monitoring process through which the usage of 

electrical appliances (e.g., ovens, washing machines, kettles, etc) can be recognised. Then, algorithms can 

create a time map of routine behaviours and activities and detect anomalous behaviour or unexpected 

inactivity,  informing family members or caregivers to potential changes in the health or wellbeing status of 

less able people living alone, allowing them to act quicker [61]. 

Regarding social services, it is suggested that governments can use smart meter data related to low credit 

thresholds and emergency credit activation to detect households undergoing financial struggles. These data 

can be used to provide aid or to improve social services such as grants [61]. 

To effectively  deploy security services, it is important that the residence is equipped with sensors and alarms 

that can detect intruders or other hazardous situations such as fires, floods, dangerous CO/CO2 levels among 

other events [61], [62]. Although these safety and security services are not directly enabled by energy data, 

the same HEMS installed to adapt consumption, reduce energy costs, provide flexibility, or maximize self-

consumption, can also incorporate additional devices and fucntionalities. For instance, it can integrate smoke 

detectors, water leak sensors, lighting controls which simulate occupancy to deter intruders while 

homeowners are away, along with cameras or motion sensors for added secuity. 

Since this BM suggests the utilization of ConsumerΩǎ ŘŀǘŀΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜǎǇŜŎǘ Řŀǘŀ ǇǊƛǾŀŎȅ 

requirements. The General Data Protection Regulation sets the principles on how ConsumerΩǎ Řŀǘŀ Ƴǳǎǘ ōŜ 

handled and used. Since metering data is treated as ConsumerΩǎ ǇǊƻǇŜǊǘȅ it can only be accessed by third-

parties authorized by the Consumer [50]. 

3.1.4.3. Minimizing non-renewable consumption 

In this BM, an entity designated as Carbon Cooperative provides information to the Consumers about grid 

carbon intensity, allowing the more concerned users to shift consumption to periods of higher renewable 

generation, thus reducing consumption during the most carbon intensive levels. Joining the service is seen 

as more of an ethical choice, which is not expected to be driven by financial incentives. Nonetheless, if the 

Consumer is also a company, it is possible it might sell its non-ǳǎŜŘ ŜƳƛǎǎƛƻƴΩǎ ŎǊŜŘƛǘs to other businesses 

who are not able to keep their emissions below a certain threshold. This could also be attractive to a company 

wishing to advertise their brand as environmentally friendly [63].  

3.1.5. BMs for the operation of power grids 

With the growth of renewable energy, the development of grid smart grids and grid digitalisation, new BMs 

are appearing, which mostly benefit grid operator and, consequently, all grid users. The reviewed projects 

and firms are provided in Table 3.5. 
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Table 3.5 - Most relevant reviewed companies and projects regarding BMs for the operation of power grids 

Area Business Model Reviewed companies and projects 

Operation of power 

grids 

Flexibility acquisition for grid 

operation 

  

 

Data acquisition for grid 

management and control  

 

3.1.5.1. Flexibility acquisition for grid operation 

Lƴ ǘƘƛǎ .aΣ ŦƭŜȄƛōƭŜ /ƻƴǎǳƳŜǊǎ όŜǉǳƛǇǇŜŘ ǿƛǘƘ t± ǇŀƴŜƭǎΣ .9{{Σ ItΣ I±!/Σ 9a{Σ 9±Χύ ǇǊƻǾƛŘŜ ŜȄǇƭƛŎƛǘ 

flexibility to entities such as DSOs (for constraint management) and TSOs (for power balancing) in a flexibility 

market (flexibility can also be provided to Balance Responsible Parties (BRPs), not for grid operation, but for 

portfolio optimization, as described in 3.1.6.2). Here, Aggregators play a central part, being responsible for 

acquiring flexibility from Consumers, aggregating it into a portfolio, and using it to offer services and bid in 

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

Consumers who provided the delivered flexibility [51]. Because aggregation is an activity that is not yet well 

defined and regulated in many countries [64], and whose revenues might be scarce [65], this role is 

sometimes assumed by Retailers. 

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

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

in the short and long-term [50] by postponing grid upgrades and by avoiding the overload of components, 

such as power transformers [66]. The DSO exchanges information and services with Consumers either directly 

or through an Aggregator [51]. In addition, it is possible that the DSO receives data from a forecaster, who 

provides localized generation and consumption forecasts, which can help to predict future flexibility needs. 

This role can be subcontracted to a third-party, or it can be internal to the DSO [50]. TSO/DSO coordination 

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

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

[67]. 

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

such as: 

¶ Flexible access and connection agreements ς Consumers (and Producers) can make agreements with 

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

This change in access rights might be prompted by certain events or specified for pre-defined time 

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

be curtailed to prevent voltage issues or congestions. In return, these grid users might benefit from lower 
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connection charges, a faster connection to the grid (since less upgrades are required), and/or economic 

compensations when activated. This mechanism is exclusively meant for new network users [50], [67]. 

¶ Dynamic network tariffs ς Network tariffs can depend on time and location, thus being adjusted to reflect 

the necessary temporal and spatial cost variations. By using dynamic network tariffs, Consumers (and 

Producers) are encouraged to adjust their consumption and/or production patterns in order to meet 

network needs [67]. 

¶ Administrative prices for local flexibility ς As a replacement for the creation of a flexibility market, the 

DSO, following regulatory guidelines, can define administrative prices and activate the necessary 

flexibility from Consumers who previously agreed to provide it [50]. Unlike flexible access and connection 

agreements, this mechanism is usually applied to pre-connected Consumers [67]. 

¶ Mandatory provision ς When under more extreme situations (e.g., threats to grid security) the DSO can 

order the activation of the available flexibility, usually compensating Consumers for generation or load 

curtailment. Normally, this mechanism is used only as a last resort option and the resulting 

compensations are quite high [50], making it even more unfavourable. 

¶ Obligations ς Defines the mandatory an not remunerated provision of flexibility [67]. 

3.1.5.2. Data acquisition for grid management and control 

In this BM the DSO and/or TSO make use of the available grid data. The increasing availability of grid data is 

a result of grids digitalization and includes data which might be privately owned by Consumers, data from 

smart-meters and data collected by sensors at multiple levels. This information can be used for multiple ends, 

including: 

¶ Maintaining grid assets ς The acquired data is used to evaluate the condition of grid assets, including 

breakers, transformers, and cables. Thus, the overcharging of these components can be avoided, 

preventing failures, prolonging their lifetime, and reducing costs [63]. 

¶ Increasing service quality reliability ς By continuously monitoring power quality, it is possible to point out 

abnormal grid power levels more efficiently, thus reducing the response time to these issues and 

minimizing failures and maintenance costs and increasing reliability for the Consumers. As a result, this 

usage of grid data can help operators to cut on the penalties they must pay due to a lack of quality and 

reliability [63]. 

¶ Managing incidents and blackouts ς Grid data can be used to monitor incidents on the network 

infrastructure and manage them using an efficient and time-responsive approach, possibly avoiding 

bigger issues (e.g., full, or partial power outages). As a result, the grid operator can make a better 

planning of the resources required for maintenance tasks, reduce maintenance costs and the time of 

response to incidents. Moreover, historical incident data can be used to identify recurring 

incidents/failures and provide solutions to prevent them in the future [63]. 
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3.1.6. BMs for supplying energy to Consumers 

BMs for the supply of energy to Consumers are also evolving, with Suppliers having more active roles, which 

can benefit Consumers, as seen next. The reviewed initiatives and BMs are given in Table 3.6. 

Table 3.6 - Most relevant reviewed companies and projects regarding BMs for the supply of energy to Consumers 

Area Business Model Reviewed companies and projects 

Supply of energy to 

Consumers 

Traditional retailing model 
 

Retailers managing 

/ƻƴǎǳƳŜǊǎΩ ŦƭŜȄƛōƛƭƛǘȅ  

3.1.6.1. Traditional retailing model  

The traditional retailing BM is the most widespread model within this sector [68]. Due to the liberalization of 

the retail market, Retailers are able to profit from purchasing electricity from Producers and supplying it to 

Consumers [69], while being free to make their own commercial offers. 

3.1.6.2. Retailers ƳŀƴŀƎƛƴƎ /ƻƴǎǳƳŜǊǎΩ ŦƭŜȄƛōƛƭƛǘȅ  

In a more innovative BM, a Retailer who is also BRP uses ǘƘŜƛǊ ŎƭƛŜƴǘǎΩ flexibility for its own economic benefit. 

This can be implemented through Building Management Systems (BMS) and allows Retailers to exploit 

Demand-Response in two separate ways: to reduce imbalance costs or to participate in ancillary services 

markets, following different strategies to achieve these goals [50]: 

¶ Internal portfolio balancing ς Retailers handle energy imbalances by trading in the intraday markets or 

otherwise they suffer economic penalties. With the spread of aggregation and technologies such as BMS, 

Retailers can use their ConsumerǎΩ ŦƭŜȄƛōƛƭƛǘȅ ǘƻ better comply with their committed schedules, reduce 

imbalances and avoid penalties [50]. 

¶ Flexibility to perform price arbitrage ς Retailers may also use this flexibility to perform price arbitrage 

between day-ahead and intra-day energy markets. For instance, in a situation where prices are higher in 

the day-ahead market than in the intraday market, if a Retailer can forecast this differential, it can buy 

less energy in the day-ahead and buy the remaining in the intraday, using flexibility as a tool to limit 

financial losses [50]. 

¶ Providing flexibility to the TSO ς If allowed by the regulation, Retailers may aggregate the flexibility from 

multiple Consumers to provide balancing services to the TSO [50]. 

3.1.7. BMs for communities 

Nowadays, and according to the European Legislation, RECs and CECs are entitled to [70]: 

¶ Producing, consuming, storing, and selling renewable energy, including though renewable Power 

Purchase Agreements. 
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¶ Sharing, within the Energy Community (EC), renewable energy that is generated in own units. 

¶ Accessing all suitable energy markets, both directly and through an Aggregator. 

A review of the regulation on ECs can be found in D1.1 [71]. 

For those reasons, some Consumers might have the opportunity and the motivation to form or join an EC, 

such as a REC or a CEC. The reviewed companies and projects and their main BMs are grouped in Table 3.7. 

Table 3.7 - Most relevant reviewed companies and projects regarding BMs for ECs 

Area Business Model Reviewed companies and projects 

Energy 

Communities 

Energy cooperatives 
  

   

 

Community flexibility 

aggregation 

E-mobility cooperatives 

 

3.1.7.1. Energy cooperatives 

So far, in Europe, many ECs are organized as energy cooperatives. They are initiatives led by citizens where 

Consumers join to raise the necessary funds for owning generation systems, being centred on open and 

voluntary membership rules. They can be created to benefit specific communities through self-consumption 

and sale of generation surpluses, with profits being invested in the EC, but they can also be created with the 

purpose of providing cheaper energy from RES to its members [72]. 

The advantages for Consumers who join these cooperatives include reduced electricity bills, a decrease of 

emissions, higher energetic independence, reduced network connection fees, and remuneration derived 

from generation surpluses [70]. 

3.1.7.2. Community flexibility aggregation 

A more complex BM foresees the provision of flexibility to grid operators through an Aggregator. Flexibility 

markets are not accessible to small Consumers. But, the manager of an EC, while acting as an Aggregator, 

can pool the available flexibility from multiple Consumers, achieve the required volume to make offers in 

those markets and thus enable the participation of small Consumers flexibility markets. For that, the EC 

Manager and the Consumers sign bilateral contracts where they commit to changing consumption patterns 

to deliver fixed amounts of flexibility, and, in return, benefit from reduced electricity bills. The failure to 

deliver flexibility can result in penalties for Consumers [72]. The EC Manager/Aggregator can also provide 

resources (sensors, smart meters, HEMS) and monitoring apps to EC Members to help them in delivering the 

contracted flexibility [73]. 

Besides the advantages previously detailed in 0, this BM enhances financial benefits to Consumers, who are 

reward for providing flexibility [70]. Moreover, the required sensors, HEMS and smart meters might help 

Consumers to access the value-added cross-sector opportunities described in 3.1.4.2. 
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3.1.7.3. E-mobility cooperatives 

Cooperatives based on E-mobility are suitable for communities where many citizens have EV. These vehicles, 

besides helping to maximize local self-consumption, can be exploited to provide flexibility (via Aggregators, 

using V2G and G2V technologies) and to reduce bills by charging during off-peak periods. Additional social 

benefit can be created by engaging participants to provide community public transportation, car-sharing or 

car-pooling services [72]. 

3.2. Role model and characterization of BeFlexible Business Models 

From the literature and commercial proposals analysed previously, it was concluded BMs can be 

characterized by: 

1. Properly identifying the role model with all the relevant roles involved in the BMs related to the 

flexibility provision, including cross-sector activities that can provide added value. 

2. Identifying actors, and associating roles to actors. Indeed, the roles the actors adopt define the BM, 

as the description of the main BMs provided in this section show.  

3.2.1. Energy and Cross-sector Flexibility Centric Role Model 

As a result of the above revision, and the flexibility VC identification described in section 4.1,  Figure 3.1 

shows the complete role model identified with the main activities among roles. 

 

Figure 3.1 ς The Role Model of the flexibility VC 

The proposed Role Model includes a total 20 participants. It contains the necessary roles to support all the 

main activities envisioned for the Flexibility-centric and Cross-Sector VC, including flexibility capacitation, 

integration/enablement and aggregation of flexible resources, and participation in flexibility markets, 

described later in section 4.1. This work was also presented and published at the 2023 19th International 
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Conference on the European Energy Market (EEM) in the ǇŀǇŜǊ άAnalysis of Flexibility-centric Energy and 

Cross-sector Business Modelsέ [74]. 

The focus of the envisioned Role Model is on Consumers and Prosumers. They receive flexible DERs from a 

DER Provider, who acquire them from a Manufacturer. A Financing Entity can help the Consumers/Prosumers 

to buy these resources. Service Companies and Energy Service Companies can sell their services to the 

Consumers/Prosumers and a DER Manager can control their DERs. A Resource Aggregator, or an Energy 

Community Manager (besides supervising an EC), can facilitate the participation of Consumers/Prosumers in 

Flexibility Markets, operated by a Flexibility Market Operator, where flexibility can potentially be supplied to 

DSOs, TSOs and BRPs. There are other roles, such as Meter Data Collector and Data Provider who will supply 

energy data to Energy Suppliers to bill Consumers/Prosumers via a Billing Agent, and to a Resource 

Aggregator to verify the delivery of flexibility. There is also the DEP Operator who can exchange energy and 

non-energy data, and an ICT/SW/DP Provider who offers IT services (e.g., technical platforms, algorithms) to 

several of these players. 

Most of the roles incorporated in the proposed Role Model are included in the Harmonised Electricity Market 

Role Model (HEMRM) [75]. However, since this role model focus on energy activities, new roles were needed 

to fill the existing gaps, namely those related to financing, asset provision and the cross-sector activities that 

will later be included in the proposed VC. This resulted in a role model that can be applied to activities beyond 

the energy sector but related to and providing added value to the flexibility provision as the main activity. All 

the roles encompassed in the BeFlexible Role Model are described in Table 3.8 where it is signalled whether 

they are already included in HEMRM or proposed by the authors (BeFlexible RM). 

Table 3.8 ς Description of the roles included in the BeFlexible Role Model 

Role Description Source 

BRP 
A party in charge of its imbalances, that is, the difference between the energy volume 
injected to or withdrawn from the system and the final nominated energy volume, 
including every imbalance adjustment within a certain imbalance settlement period. 

HEMRM 

Billing Agent The Billing Agent is responsible for invoicing a concerned party. HEMRM 

Consumer A party connected to the grid which purchases and consumes electricity. HEMRM 

DEP Operator Owns and operates a communication system to transfer data. HEMRM 

Data Provider Has a mandate to provide data to other parties HEMRM 

DER Manager Responsible for controlling DERs. 
BeFlexible 

RM 

DER Provider 
Responsible for installing and/or maintaining assets related with distributed energy 
equipment (e.g., batteries, PV panels, smart devices), which are provided or sold to 
other market agents. 

BeFlexible 
RM 

DSO 

Responsible for the security of supply and reliability of the distribution network. For 
that, it continuously monitors the grid to detect potential issues and, whenever 
necessary, it uses multiple resources to solve such problems, including network 
reconfiguration and/or requesting assistance from market operators or directly from 
contracted customers. 

HEMRM 

EC Manager Responsible for managing business activities within an Energy Community. 
BeFlexible 

RM 

Energy 

Service 

Offers energy related services but is not directly active in the energy VC. Might provide 
insights and energy management services, as well as implementation of energy 
efficiency and renewable energy projects. 

HEMRM 
(adapted) 
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Company 

Energy 

Supplier 
Supplies or takes electricity from a party connected to the grid HEMRM 

Financing 

Entity 
A party in a financing arrangement who provides money, property, or other assets to 
a certain financed entity. 

BeFlexible 
RM 

Flexibility 

Market 

Operator 

A neutral party that transparently provides a service between buyers and sellers to 
facilitate the communication and coordination of all processes related to the 
procurement of capacity and/or energy bids, i.e., grid or asset registration on its 
marketplace, matching of bids, validation (through market monitoring) and 
settlement. 

HEMRM 

ICT/SW/DP 

Provider 
Supports other entities with ICT, software, or DP. 

BeFlexible 
RM 

Manufacturer Manufactures specific products, which are later supplied to other market agents. 
BeFlexible 

RM 

Meter Data 

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

Prosumer 

A Consumer who can also produce electricity, joining the roles of Consumer and 
Producer under one role. In BeFlexible it is also assumed that a Prosumer also adopts 
an active role in the energy chain, by, for example, be willing to joint self-consumption 
structures or provide flexibility. 

HEMRM 

Resource 

Aggregator 
Aggregates (i.e., collects and combines) multiple resources for usage by a service 
provider for energy market services. 

HEMRM 

Service 

Company 
A party that offers non-energy related services, generating revenue by service 
provision instead of selling products. Can provide cross-sector services. 

BeFlexible 
RM 

TSO Responsible for security of supply and reliability of a transmission network, real time 
operation and monitoring, building, expanding, and maintaining the system. 

HEMRM 

3.2.2. BeFlexible Business Models 

The rest of this section formalizes and summarizes the BMs identified by describing them with their BM 

Canvas (BMC), describing the roles and actors involved, and evaluating qualitatively their main characteristics 

in terms of complexity, risk, and value: 

¶ Complexity was assessed based on the number of roles associated with the BMs and the technology 

necessary for its implementation. Complexity can also be seen graphically when analysing the 

particularization of the general role model of Figure 3.1 to each of the BMs described. 

¶ Risk was assessed based on potential regulatory concerns and the expected cost of the BM for the 

Consumers.  

¶ Finally, Value was assessed based on the economic and non-economic value created to all participants.  

The manner under which each parameter is assessed is presented on Table 3.9. 
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Table 3.9 - BM evaluation methodology 

Parameters 

Level 

     

C
o

m
p

le
xi

ty
 

Number of roles 1 ς 4 5 ς 8 9 ς 12 13 ς 16 +17 

Necessary tech 
BM does not 
require any new 
technology 

BM should not 
require many new 
technologies 

BM requires several 
new technologies 

BM requires 
complex 
technologies 

BM requires 
complex and new 
technology 

R
is

k 

Regulatory 
concerns 

Little to no concerns (BM seems fully 
appropriate for current regulation) 

Some concerns (BM mostly fits in the 
current regulation, but with some gaps 
and issues) 

Severe challenges 
(BM does not 
seem compatible 
for the 
regulation) 

Costs 
(consumers) 

None or very little additional costs Moderate costs (e.g., rent payment) 
High costs (e.g., 
one-time 
payment) 

V
a

lu
e 

Economic value 
Limited economic value to just a few of 
the intervening roles 

Creates economic value to most of the 
intervening roles 

High economic 
value to all roles 

Non-economic 
value 

Limited non-economic value to just a few 
of the intervening roles 

Additional non-economic value to most 
of the intervening roles 

Large amount of 
non-economic 
value to all roles 

 

Regarding the BMC, it consists of a template used to describe the main dimensions of a BM (see deliverable 

D2.1 [76] for an in-depth introduction to BMs and associated tools). It includes nine building blocks, shown 

and described in Table 3.10, which are organised as follows: 

¶ The four blocks on the left of the BMC (key actors, key activities, key resources, and costs) focus on how 

value is being created by a business activity.  

¶ The value proposition block, located in the centre of the BMC draw attention to the value being 

generated.  

¶ The last four blocks όŀŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΣ ŎƘŀƴƴŜƭǎΣ ŎǳǎǘƻƳŜǊǎ ǎŜƎƳŜƴǘ ŀƴŘ ǊŜǾŜƴǳŜǎύ communicate how 

value is delivered and captured [72]. 
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Table 3.10 ς BMC structure and building blocks 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

Actors, such as partners and 

suppliers, providing inputs 

essential for the operation 

of the BM, including 

equipment, data, and 

services [63]. 

Essential and most critical 

tasks to be performed [63]. 

The value being delivered to 

customers [77]. 

The set of products and 

services presented, their 

main properties, the needs 

that they meet and their 

worth [63]. 

The type of relationship 

established between the 

actors of each BM [77]. 

Includes the people and 
organizations for which 
value is created [78]. 

For instance, it can be a 
niche market, such as ŜŎƻπ
friendly consumers, or a 
ōǊƻŀŘŜǊ ƻƴŜΣ ǎǳŎƘ ŀǎ ƭƻǿπ
voltage households and 
businesses [63]. 

Key resources: Channels: 

The most important inputs 

required [63]. 

Can include human, 

physical, intellectual, and 

financial resources [63]. 

Describes how the 

interaction with customers 

is made [63], [78]. 

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

Costs: Revenues: 

The most important costs inherent to the BM [77]. 

Can include fixed and variable costs [77]. 

The most relevant sources of revenue [77]. 

 

3.2.2.1. BM1: Traditional retailer 

BM1 resembles the traditional electricity commercialization model, which was boosted by the liberalisation 

of energy markets and is now the predominant model within the sector [68]. In the liberalized retail market, 

Retailers profit from selling electricity to the Consumers bought from the Producers in the wholesale market 

[69], being free to set up their own commercial offers in those countries where the retail market has been 

liberalized. Traditionally, electricity comes from large scale power plants, often ran with non-renewable 

energy sources [68]. More recently, green energy can also be sold to the Consumers, ensuring that the 

electricity sold by the Retailer was bought from renewable power plants, as in [79], [80]. However, as it 

stands, in this BM Consumers do not provide flexibility to the grid. 

In this traditional model, the relationship of the Consumers with their Retailers remains typically distant. This 

generates instability in the Consumers side since the added value offered by the Retailer is blurred, and 

Consumers tend to think only of the highest bidder, being common to switch to companies that offer more 

transparency, other types of relationships, or benefits as simple as clearer and more understandable bill.  This 

distant relationship has also traditionally generated a lack of trust and transparency on the Retailers.  This 

has also led Consumers to a) produce their own energy to reduce the dependence on the traditional Retailers; 

b) organise in energy communities and c) joining energy cooperatives and other type of social organisation 

where values such as justice, transparency, fairness, and social wellbeing are the basis of different and closer 

types of relationships. 

The Retailer takes the roles of Energy Supplier and Billing Agent, the DSO, as it is usually the case in the EU, 

takes the roles of Meter Data Collector and Data Provider [81] and the Consumer simply consumes and pays 

for the consumed energy. The relation between actors and roles for BM1 is given in Table 3.11, while the 

interactions between roles are provided in Figure 3.2 from the general role model in Figure 3.1. 
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Table 3.11 - Match between actors and roles in BM1 

Actor Roles 

Retailer 
Energy Supplier 

Billing Agent 

Consumer Consumer 

DSO 
Meter Data Collector 

Data Provider 

 

 
Figure 3.2 ς The Role Model adapted to BM1 

This BM is evaluated according to the proposed BM evaluation methodology, and the results are given in 

Table 3.12. As can be seen, BM1 has a low Complexity due to the small number of roles involved and because 

no new technologies are needed for its implementation. The Risk is also perceived as low because there are 

no regulatory concerns (the BM is widely disseminated) and there are no new costs for Consumers, as they 

only pay for the energy they consume and other associated taxes. However, the Value that is created is rather 

small, especially non-economic value. 

Table 3.12 ς BM1 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
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The BMC of BM1 is given in Table 3.13. 

Table 3.13 - BMC of BM1 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- Retailer 

- Consumers 

- DSO 

- Supplying electrical 

energy to Consumers 

- Billing Consumers 

- Managing Energy 

Meters readings 

- Safe, mature, and 

widely used BM 

- Predictability 

(consumers can 

foresee how much 

they will be billed) 

- Convenient (relatively 

hassle free to 

Consumers) 

- Usually, long term 

between Retailer and 

a Consumer 

- All types of Consumers 

(residential, 

commercial, and 

industrial) 

Key resources: Channels: 

- Billing service 

- Energy Meters 
- wŜǘŀƛƭŜǊΩǎ ǇƘȅǎƛŎŀƭ ƘŜƭǇ 

desks 

- Virtual channels (web 

sites, mobile apps, 

ŜƳŀƛƭΣ ŜǘŎΧύ 

Costs: Revenues: 

- Consumers pay for the electrical energy they consume, grid 

tariffs, and taxes 

- Retailers profit from selling electrical energy to Consumers 

3.2.2.2. BM2: Flex assets acquisition 

The main objective of BM2 is to equip regular Consumers with flexible assets. 

Some of the most common ways to facilitate Consumers acquire new flexible resources are, on one side, the 

request for either government or public subsidies, to pay the whole or part of the investment on the new 

equipment, or, on the other side, to rent the equipment from the Retailer or an ESCo for a specific period 

and for a specific amount of money (as in BM3). Something to consider regarding the economic constraints 

of Consumers when acquiring new equipment is that, for most Consumers, the investment is still high, the 

information regarding what to install and how is still blurred, and the way to operate their resources to 

maximise their benefit is still only for a small target of Consumers able to adopt these technologies faster 

than the rest. In order to mitigate this, access to public subsidies should be easier, the information on what 

the Consumers should install should be much more personalised and the operation of the flexible resources, 

which includes the data they interact with, should make them feel secure and allow with some control on 

the resources and the feeling that they are receiving back the value they seek. For that reason, in many cases 

an external entity (DER Manager) is required to provide the assets controlling service and consequently 

guarantee a better use of the resources, and time and work saving to the Consumers. 

Here, Consumers buy assets such as DERs and/or smart devices from a DER Provider, who acquires them 

from a Manufacturer. A Financing Entity can support the Consumer with the necessary funds to acquire those 

assets. For that purpose, there are multiple financing schemes available [82]. Again, similarly to BM1, the 

Retailer supplies energy and bills the Consumers, with the DSO acting as Meter Data Collector and Data 

Provider. 

At this point, Consumers can manage their assets on their own or contract an ESCo, who takes the DER 

Manager role, and can help them based on its expertise. The ESCo can offer services such as asset 

maintenance and energy optimization, helping Consumers to benefit from their implicit flexibility [83] by 
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adjusting their behaviour according to price signals. A SW Company, acting as ICT/SW/DP Provider, can also 

sell its services to the ESCo, backing them with data management and data processing tools [84]. At the end 

of their lifespan, assets returned to the Manufacturer can be recycled, enabling other BMs [15] according to 

the principles of circular economy [85] such as second-life BESS. The correspondence between actors and 

roles for BM2 is given in Table 3.14 and the interaction between them are pictured in Figure 3.3. 

Table 3.14 - Match between actors and roles in BM2 

Actor Roles 

Manufacturer Manufacturer 

ESCo 

ESCo 

DEP Operator 

DER Manager 

DER Provider DER Provider 

Financing Entity Financing Entity 

Retailer 
Energy Supplier 

Billing Agent 

Consumer 
Consumer 

Prosumer 

DSO 
Meter Data Collector 

Data Provider 

SW Company ICT/SW/DP Provider 

 

 
Figure 3.3 - The Role Model adapted to BM2 

From the BM2 evaluation provided in Table 3.15, it can be concluded that BM2 has a moderate complexity, 

involving 13 roles but not requiring many technologies that are not already widely available. Risk is also 
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moderate, and there are no regulatory concerns. However, the cost for Consumers, who purchase assets by 

their own initiative, is high. According to this methodology, the value created by BM2 may be low. 

Table 3.15 ς BM2 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
   

 

The BMC of BM2 is given in Table 3.15. 

Table 3.16 - BMC of BM2 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- Manufacturer 

- ESCo 

- DER Provider 

- Consumer 

- Running campaigns to 

sell assets to 

Consumers 

- Presenting financing 

options for asset 

acquisition to 

Consumers 

- Asset O&M (offered by 

ESCo) 

- Assets recycling 

- Shift demand patterns 

- Reduce electricity bills 

- Boost renewable 

production 

- Environmental 

protection 

- Transactional 

(between DER 

Providers and 

Consumers) 

- Automated services 

and personal 

assistance (from ESCo 

to Consumers) 

- All types of Consumers 

- But more appropriate 

to residential and 

small-sized 

commercial or 

industrial Consumers 

Key resources: Channels: 

- DER (PV panels, BESS, 

9± /ƘŀǊƎƛƴƎ {ǘŀǘƛƻƴǎΧύ 

- HEMS, Smart devices 

(HVAC, heat pumps, 

ǿŀǘŜǊ ƘŜŀǘŜǊǎΧύ 

- Physical and/or online 

stores 

- Virtual channels (web 

sites, mobile apps, 

ŜƳŀƛƭΣ ŜǘŎΧύ 

Costs: Revenues: 

- Consumers pay to the DER Provider for the asset they acquire 

- Consumers pay to the ESCo for the provided services 

- Consumers pay for the electrical energy they consume, grid 

tariffs, and taxes 

- Financial return to DER Provider from asset sale 

- Financial return to ESCo from service provision 

- Retailers profit from selling electrical energy to Consumers 

3.2.2.3. BM3: EaaS from retailer 

In this BM, a Retailer equips Consumers with assets using an EaaS approach, with the assets being rented 

instead of sold [26].  

As explained in BM2, the constraints Consumers experience when acquiring new resources should be 

mitigated to incentivize their participation in the energy business. When a Retailer rents the equipment to 

the ConsumersΣ ǘƘŜ άǘƛƳŜέ factor plays a key role in the relationship among them.  For this reason, Retailers 

should be capable of maintaining the exchange of value throughout the time the Consumer is renting the 
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equipment.  For this, transparency and communication are fundamental pillars to further develop for this 

type of BM. Something that also happens in this type of BM is that, by establishing a long-term relationship 

with Consumers, it is possible to offer additional services and products if the Consumers are satisfied with 

their relationship with the Retailer. Therefore, Retailers should make additional efforts in getting to know 

their Consumers' energetic behaviour and offer more value over time with additional services and 

products.  Also, this BM can contribute to minimise the high initial investment for Prosumers in buying the 

resources and accessories. The investment will be integrally paid during the contract length by a monthly or 

yearly rent payment while the Prosumer saves money by self-consuming its own production and even gain 

an extra revenue by providing flexibility. 

As a result, in this BM the Retailer typically assumes many roles. Again, it acts as Energy Supplier and Billing 

Agent, but also as Financing Entity and DER Provider, granting the assets in exchange of a regular fee. It can 

also act as ESCo, DER Manager and DEP Operator, controlling, maintaining, and repairing the DERs installed 

ŀǘ ǘƘŜ /ƻƴǎǳƳŜǊΩǎ ǇǊƻǇŜǊǘȅ ōŀǎŜŘ ƻƴ ǘƘŜ collected data. Since ǘƘŜ wŜǘŀƛƭŜǊ Ƙŀǎ ŎƻƴǘǊƻƭ ƻǾŜǊ ƛǘǎ /ƻƴǎǳƳŜǊǎΩ 

assets, it can also profit from their flexibility for its own benefit. For instance, the Retailer can use the 

available flexibility to reduce energy imbalances [50], by offering an energy discount or an explicit flexibility 

payment to their Consumers. The match between actors and roles and their respective interactions are given 

in Table 3.17 and Figure 3.4, correspondingly. 

Table 3.17 - Match between actors and roles in BM3 

Actor Roles 

Manufacturer Manufacturer 

Retailer 

Financing Entity 

Energy Supplier 

Billing Agent 

DER Provider 

ESCo 

DEP Operator 

DER Manager 

BRP 

Consumer 
Consumer 

Prosumer 

DSO 
Meter Data Collector 

Data Provider 

SW Company ICT/SW/DP Provider 

 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

52 

 
Figure 3.4 - The Role Model adapted to BM3 

Table 3.18 summarizes the results of the assessment of BM3. BM3 has a moderate Complexity and Risk. 

There are no apparent regulatory issues and, due to the EaaS nature of this BM, the cost for Consumers is 

small. However, the value is also low. 

Table 3.18 ς BM3 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
   

 

The BMC of BM3 is give in Table 3.19. 
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Table 3.19 - BMC of BM3 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- Manufacturer  

- Retailer 

- DSO  

- Consumer 

- Running campaigns to 

draw Consumers in 

- Presenting the 

advantages of EaaS 

- Asset O&M 

- Shift consumption 

patterns  

- Reduce electricity bills 

- Lower upfront costs 

and lower risks 

- Consumer is not 

responsible for 

maintenance 

- Boost renewable 

production 

- Environmental 

protection 

- Retailers can reduce 

imbalances 

- Usually long term, for 

the duration of the 

contract between 

Retailer and the 

Consumers receiving 

EaaS 

- All types of Consumers 

- But, just as before, 

more appropriate to 

residential and small-

sized commercial or 

industrial Consumers 

Key resources: Channels: 

- DER (PV panels, BESS, 

9± /ƘŀǊƎƛƴƎ {ǘŀǘƛƻƴǎΧύ 

- HEMS, Smart devices 

(HVAC, heat pumps, 

ǿŀǘŜǊ ƘŜŀǘŜǊǎΧύ 

- Smart meters 

- Physical and/or online 

stores 

- Virtual channels (web 

sites, mobile apps, 

ŜƳŀƛƭΣ ŜǘŎΧύ 

Costs: Revenues: 

- Recurring payments from Consumer to Retailer, resulting from 

the EaaS 

- Consumers pay for the electrical energy they consume, grid 

tariffs, and taxes 

- Retailer profits from selling electrical energy to Consumers 

- Retailer receives a recurring payment from EaaS 

- Retailers acting as BRP can reduce expenses from imbalances 

3.2.2.4. BM4: DERs from retailer 

In BM4, the Retailer assists Consumers willing to purchase DERs by offering them beneficial conditions to 

acquire those assets. The Retailer acts as DER Provider and Financing Entity. However, differently from BM3, 

the Retailer does not own the DERs, which belong to the Consumer. The Consumer controls those assets or 

can contract an ESCo to do it, similarly to BM2. Moreover, Consumers who own flexible assets can join a 

Resource Aggregator and supply their flexibility to other entities, as described next in BM5. The role of 

Resource Aggregator can be taken up by the Retailer or by a specific actor called Aggregator. Since 

aggregation is still a role not properly regulated in many countries [64] and whose revenues may be low if 

coming only from the value the flexibility buyers may be willing to pay [65], Retailers often assume this role.  

With the relationship already created with the provision of electricity by Retailer, the Prosumer can benefit 

from discounts or special campaigns for the acquisition of resources, which can contribute to a stronger 

relationship between Retailer and Prosumer. This relationship can result in a win-win situation, with the 

Retailer winning from flex provision by the Consumer, possibly assuming the Aggregator role, and the 

Prosumer benefiting with lower initial investments. 

The correspondence between actors and roles and their interaction are shown in Table 3.20 and Figure 3.5. 

Table 3.20 - Match between actors and roles in BM4 

Actor Roles 

Manufacturer Manufacturer 

ESCo 

ESCo 

DEP Operator 

DER Manager 
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Retailer 

Financing Entity 

Energy Supplier 

Billing Agent 

DER Provider 

Resource Aggregator 
Aggregator 

Consumer 
Consumer 

Prosumer 

DSO 
Meter Data Collector 

Data Provider 

SW Company ICT/SW/DP Provider 

 

 
Figure 3.5 - The Role Model adapted to BM4 

The evaluation of BM4 is summarized in Table 3.21. The Complexity of BM4 is high and the Risk and Value 

are both moderate. 

Table 3.21 ς BM4 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
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Table 3.22 - BMC of BM4 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- Manufacturer 

- ESCo 

- Retailer 

- Aggregator 

- Consumer 

- Retailer running 

campaigns to sell 

assets to their set of 

Consumers 

- Offering beneficial 

financing options to 

their Consumers 

- Shift demand patterns 

- Reduce electricity bills 

- Boost renewable 

production 

- Environmental 

protection 

- Usually, short term 

between Retailers and 

the Consumers (one 

time purchase)  

- All types of Consumers 

- But, just as before, 

more appropriate to 

residential and small-

sized commercial or 

industrial Consumers 

Key resources: Channels: 

- DER (PV panels, BESS, 

EV /ƘŀǊƎƛƴƎ {ǘŀǘƛƻƴǎΧύ 

- HEMS, Smart devices 

(HVAC, heat pumps, 

ǿŀǘŜǊ ƘŜŀǘŜǊǎΧύ 

- Physical and/or online 

stores 

- Virtual channels (web 

sites, mobile apps, 

ŜƳŀƛƭΣ ŜǘŎΧύ 

Costs: Revenues: 

- Assets purchase from the Retailer 

- Consumers pay to the ESCo for the provided services 

- Some Consumers pay membership fee to Aggregator 

- Consumers pay for the electrical energy they consume, grid 

tariffs, and taxes 

- Retailer receives a monthly payment for the electrical supply 

and unique payment for the asset acquisition 

3.2.2.5. BM5: Grid flexibility 

BM5 is available for Consumer who decide to join a Resource Aggregator. After doing so, they can provide 

flexibility to grid operators or BRPs via a flexibility market [86], which is managed by a Flexibility Market 

Operator (FMO) [75]. This is a BM which is mainly focused on the flexibility value, in terms of what the 

flexibility procurers may be willing to pay, either to solve grid constraints (in case of the system operators) 

or expected imbalances (in case of BRPs), and the benefits that flexibility provision might provide to the 

Consumers. 

Energy as a concept is something Consumers understand as a way to gain or receive benefits. As explained 

in the Consumer research held in BeFlexible for the Value Propositions and Engagement Strategy (addressed 

in WP2 - Market actors value propositions, engagement, and legal & ethics compliance), the economic side 

of flexibility services is key for users to perceive value in exchange for their participation. However, if the 

economic signal is not enough rewarding, Consumers perceive injustice and can even prefer to share it for 

ōŜŦƻǊŜ άƎƛǾƛƴƎ ƛǘ ǘƻ ǘƘŜ ƎǊƛŘέ, that is άǿŀǎǘŜ ƛǘέ, as the economic return is not significant and therefore unfair. 

Generally, Consumers that participate in flexibility services are technologically advanced and understand how 

energy works, so they fully understand how their energy is being bought, sold and resold in exchange for the 

value of their effort. 

Since the value of flexibility may be low compared to the initial investments and complexities associate with 

its provision, BM6 intends to complement BM5 by increasing the Consumers value with additional revenue 

streams or services.  

The link and interactions among actors and roles are illustrated in Table 3.23 and Figure 3.6. 

Table 3.23 - Match between actors and roles in BM5 
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Actor Roles 

Manufacturer Manufacturer 

ESCo 

ESCo 

DEP Operator 

DER Manager 

DER Provider DER Provider 

Financing Entity Financing Entity 

Retailer 

Energy Supplier 

Billing Agent 

BRP 

Resource Aggregator 
Aggregator 

Consumer 
Consumer 

Prosumer 

DSO 

Meter Data Collector 

Data Provider 

DSO 

FMO FMO 

SW Company ICT/SW/DP Provider 

TSO TSO 

 

 
Figure 3.6 - The Role Model adapted to BM5 

In BM5, whose evaluation results are provided in Table 3.24, Complexity is very high, due to the large number 

of roles and required technologies. Risk is high mainly due to regulatory concerns, such as the ones 

surrounding flexibility markets and aggregation. However, economic value is also very high for all participants 

and the non-economic value is moderate, leading to a high value. 
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Table 3.24 ς BM5 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
   

 

The BMC of BM5 is given in Table 3.25. 

Table 3.25 - BMC of BM5 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- Consumer 

- Aggregator 

- DSO 

- FMO 

- SW Company 

- Aggregation of 

Consumers 

- Trading flexibility in a 

market 

- Operation of the 

Flexibility market 

- TSO/DSO coordination 

- Shift demand patterns 

- Prevent or alleviate 

grid constraints 

- Reduce or postpone 

grid investments 

- Reduce operational 

costs 

- Reduce energy losses 

- Reduce curtailment 

compensations 

- Reduce electricity bills 

- Boost renewable 

production 

- Environmental 

protection 

- Can potentially be long 

term between one 

Aggregator and a set 

of Consumers 

- All types of Consumers 

(residential, 

commercial and 

industrial) 

Key resources: Channels: 

- DER (PV panels, BESS, 

9± /ƘŀǊƎƛƴƎ {ǘŀǘƛƻƴǎΧύ 

- HEMS, Smart devices 

(HVAC, heat pumps, 

ǿŀǘŜǊ ƘŜŀǘŜǊǎΧύ 

- Digital platforms 

- Aggregation platform  

- Flexibility Market 

platform 

Costs: Revenues: 

- Consumers pay for the acquired assets 

- Consumers pay membership fees to Aggregator 

- Consumers pay for the electrical energy they consume, grid 

tariffs, and taxes  

- Consumers pay to the ESCo for the provided services 

- DSO purchases flexibility 

- Financial revenue to the Aggregator and Consumers from 

flexibility provision 

3.2.2.6. BM6: Cross-sector services 

BM6 is appropriate for Consumers owning houses equipped with smart meters, sensors, smart appliances, 

and flexible assets, as they can also benefit from cross-sector services provided by SCo. 

These cross-sector services can be related to healthcare of vulnerable people and security by using smart 

meter data to generate alarm signals associated to abnormal changes in the load profiles [62]. Although they 

are not directly linked to the flexibility provision, they result from or complement it, by profiting from the 

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

even respond to flexibility solicitations by adapting its charging profile [87], health or surveillance services 
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can be built on top of the energy data [62] and data can be sold to third parties [88], such as SW companies, 

to allow them to improve forecasting tools [50], DER control and aggregation algorithms [89]. 

Considering the learnings from WP2, we know that the most digitised and technologically advanced 

Consumers are willing to plug and play with their resources. But for this connection and aggregation of their 

resources being of value to potential users, the transversality of the data is fundamental since users need to 

see them grouped together and understand them properly to continue optimising their resources and 

acquiring new ones. When moving beyond energy itself, the demand of control from users is key to facilitate 

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

different services. 

 

The correspondence between actors and roles for BM2 is given in Table 3.26 and the interaction between 

them are pictured in Figure 3.7. 

Table 3.26 - Match between actors and roles in BM6 

Actor Roles 

Manufacturer Manufacturer 

ESCo 

ESCo 

DEP Operator 

DER Manager 

DER Provider DER Provider 

Financing Entity Financing Entity 

Retailer 

Energy Supplier 

Billing Agent 

BRP 

Resource Aggregator 
Aggregator 

Consumer 
Consumer 

Prosumer 

DSO 

Meter Data Collector 

Data Provider 

DSO 

FMO FMO 

SW Company ICT/SW/DP Provider 

SCo SCo 

TSO TSO 
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Figure 3.7 - The Role Model adapted to BM6 

The evaluation of BM6 is summarized in Table 3.27. Complexity seems very high, including almost the of the 

roles listed. As in BM5, Risk also seems high due to regulatory concerns regarding flexibility markets and 

Aggregators. Nevertheless, economic and non-economic value are also very high, resulting in a very high 

value for all participants, making BM6 the most valuable of all the envisioned BMs. 

Table 3.27 ς BM6 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
   

 

The BMC of BM6 is given in Table 3.28.  
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Table 3.28 - BMC of BM6 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- ESCo 

- Consumer 

- SCo 

- Offering and providing 

cross-sector services 

(wellbeing, safety, 

home care and 

security) 

- Safety and security 

(alarms, intruder 

alerts, smoke, and 

flood detection 

systems) 

- Well-being and home 

care 

- Usually long term, for 

the duration of the 

contract between the 

Consumers and the 

SCo 

- All types of Consumers 

- But, just as before, 

more appropriate to 

residential and small-

sized commercial or 

industrial Consumers Key resources: Channels: 

- Smart meters 

- HEMS and Smart 

Devices 

- Sensor, alarms, 

cameras 

- Virtual channels (web 

sites, mobile apps, 

ŜƳŀƛƭΣ ŜǘŎΧύ 

Costs: Revenues: 

- Consumers pay for the acquired assets 

- Consumers pay membership fees to Aggregator 

- Consumers pay for the electrical energy they consume, grid 

tariffs, and taxes  

- Consumers pay to the ESCo and SCo for the provided services 

- DSO purchases flexibility 

- Financial revenue to the Aggregator and Consumers from 

flexibility provision 

- Financial revenue to the SCo (monthly payments for example) 

3.2.2.7. BM7: Flexible EC 

In BM7 Consumers can decide to join an EC. For a Consumer, entering an EC brings several advantages as 

benefiting from cheaper electricity, selling generation surplus, reducing grid dependence, sharing costs and 

risks and eliminating high upfront costs [72]. The EC Manager, besides directing the community, can also act 

as Resource Aggregator, combining the available flexibility from within the EC and offering it to system 

operators via flexibility markets [72], as in Table 3.29 and Figure 3.8. 

Energy communities in Europe are starting to be regulated and better understood by Consumers. However, 

sometimes tŜǊƳǎ ƭƛƪŜ άŜƴŜǊƎȅ ŎƻƳƳǳƴƛǘȅέ ƻǊ άcommunity self-ŎƻƴǎǳƳǇǘƛƻƴέ ƻǊ άǎƻƭŀǊ ƴŜƛƎƘōƻǳǊƘƻƻŘέ 

make users misunderstand and get confused on the differences and value offered from the different 

perspectives. Regarding energy communities, the main value added can be clearly beyond energy. Indeed, 

ECs are not only about producing energy jointly, but also to decide the way to produce and distribute energy 

among the members, to including mobility options, or to address energy poverty and social wellbeing. This 

is something to consider when developing services and BMs for energy communities in such a way that, 

besides offering better prices, highlighting the other individual and social benefits explained earlier in this 

BM review. Again, ECs can help to mitigate the high initial investment, sharing this investment between all 

the EC Members, and providing an extra revenue to the Consumers, with a fair benefit sharing according to 

the energy transactions inside the EC. 

 

Table 3.29 - Match between actors and roles in BM7 

Actor Roles 

Manufacturer Manufacturer 
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DER Provider DER Provider 

Financing Entity Financing Entity 

Retailer 
Energy Supplier 

Billing Agent 

Consumer 
Consumer 

Prosumer 

DSO 
Meter Data Collector 

Data Provider 

FMO FMO 

EC Manager 

EC Manager 

Resource Aggregator 

DER Manager 

SW Company ICT/SW/DP Provider 

 

 
Figure 3.8 - The Role Model adapted to BM7 

The results of the assessment of BM7, shown in Table 3.30,  demonstrate that the 3 parameters evaluated 

are quite balanced. Complexity is high and Risk and Value and regarded as moderate. 

Table 3.30 ς BM7 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
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The BMC of BM7 is given in Table 3.31. 

Table 3.31 - BMC of BM7 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- EC Member 

- DER Provider 

- Financing Entity 

- EC Manager 

- Operating the EC 

(includes management 

and maintenance) 

- Electricity generation 

- Aggregation of 

customers flexibility 

- Reduce electricity bills 

- P2P trading 

- Revenue from 

flexibility provision 

- Boost renewable 

production 

- Environmental 

protection 

- Increase sense of 

community 

- Long term contracts 

between EC Members 

and EC Manager 

- Direct interactions 

- All types of Consumers 

(neighbourhoods and 

communities) 

- Appropriate for 

Consumers who care 

about the 

environment Key resources: Channels: 

- Digital platform to 

support the EC 

- Smart meters 

- DER (PV panels, BESS, 

9± /ƘŀǊƎƛƴƎ {ǘŀǘƛƻƴǎΧύ 

- Digital platforms 

- Virtual channels (web 

sites, mobile apps, 

ŜƳŀƛƭΣ ŜǘŎΧύ 

- Salesmen and 

technical staff 

Costs: Revenues: 

- Up-front investments for the EC 

- Installation, maintenance, and repair costs for the EC 

- Costs with electricity purchase for the EC 

- Consumers pay for the electrical energy they consume from 

the grid, grid tariffs, and taxes 

- Financial benefits to Consumers from selling electricity and 

from producing their own energy 

- Financial return to EC Manager 

- Financial return to DER Provider from asset sale 

- Financial revenue from flexibility provision 

 

3.2.2.8. BM8: Flexible EC with shared assets 

ECs, introduced in BM7, are on the rise for Consumers and Prosumers wishing to jointly invest in DERs and 

exchange energy among themselves. Since some distribution grids experience periodical issues associated 

with voltage constraints and congestions, the operation of shared DERs can also be beneficial for the DSO 

[90].  

In this context, in BM8, the ownership and operation of certain assets, such as BESS, is shared between the 

EC Members, who can also provide flexibility to the DSO. This benefits EC Members, who get a higher level 

of control over their production and consumption and additional revenues, while benefiting the DSO, who 

can use the flexibility the BESS can provide to solve grid constraints. For this availability, the DSO could 

participate in the investment or share the cost some other way, for example with a regular fee, which make 

BESS a more affordable option [90]. 

According to the current legislation, DSOs are not allowed to άown, develop, manage or operate energy 

storage facilitiesέ (except under very specific conditions) [91]. Consequently, in the literature supporting the 

development of this BM8, the BESS are usually property of the EC, and, to the best of our knowledge, works 

where it is proposed that DSOs have ownership over these devices are not available. Yet, several different 

approaches can be used to develop BMs centred in asset sharing among EC Members, some of which are 

summarized next. 
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In [90], it is described a methodology to minimize electricity expenses of an EC equipped with BESS and PV 

panels. A community battery is used to improve grid voltage as a service to the DSO. The results suggest that 

when the EC shares the battery with the DSO, the community only gets a small remuneration for the provided 

service. In this work it is also suggested that, if possible, the EC and DSO should work in partnership to ensure 

that the characteristics of the community battery are appropriate to address the voltage problems in the 

network. In a total-sharing economic approach, proposed in [92], the economic value of the EC is evenly 

distributed between all the EC Members. Meanwhile, in a proportional-sharing economy approach, also 

proposed in [92], each EC Member, depending on its share over a given asset, receives exactly its energy 

share in spite of the needs of other EC Members. This means that, if an EC Members charges a BESS during a 

certain period with the intention of discharging it in the future, this energy shall be preserved for this 

member. In this case the EC Manager is responsible for guaranteeing that energy exchanges are done in 

accordance with the pre-established participation quotas [92]. At last, in [93], it is proposed a three-stage 

optimization model to operate an EC and provide flexibility to the DSO. The first stage of the model aims at 

minimizing the bill of each EC Member by calculating optimal schedules for their DERs. In the second stage 

the objective is to optimize the energy bill of the entire EC by sharing the energy surplus of the members 

internally and re-dispatching their BESS, while ensuring that each ProsumerΩǎ ƴŜǿ ōƛƭƭ ƛǎ equal or lower than 

the bill calculated for this Prosumer from stage one. The third and last stage, which can be performed by the 

DSO, intends to solve grid constraints by redispatching the DERs. 

The figure of an EC Manager, already introduced in BM7, (either physical and digital) is crucial for EC Members 

to count on a secure way to obtain the benefits of participating in the community warehousing system and 

to detect when the BESS can provide flexibility to the grid.  

Note that battery sharing may imply complex operation models and collective benefits sharing amongst the 

EC Members considering their assets ownership need to be properly designed and agreed by the community 

members. This is why the concepts of security, justice and sharing should be carefully addressed among the 

members of the community to highlights the potential benefits of sharing complex assets. EC Members must 

ensure that their energy is securely stored and that they can have it as its disposal, either physically or 

virtually [92], while the DSO may need set constraints to guarantee the required flexibility from the battery.  

In addition, social networking effects play a central role in ECs, and they occur when the utility for the user 

of a product or service depends on the number of other users [94]. This means that EC Members need to 

understand that their benefit depends on the number of other members correctly operating the shared 

storage and energy assets. That is why the concept of trust and sharing can become re essential for an EC to 

work correctly and collaboratively. Therefore, although membership in the community is flexible, i.e., you 

can join and leave without permanence, the long permanence in the community guarantees the provision of 

benefits for the rest of the community. That is to say, the more users there are and the longer they stay, the 

more solid and stable the community and energy provision for all will be. 

More specifically when profits are distributed, transparency ways to proceed should be considered so that 

members understand why they are receiving that profit vs the neighbourhood profit. Something to 

remember is that a common dynamic in the communities is the comparison of the members with the other 

members. This is why the effort to make members understand that their own benefit also benefits the other 

members and understand and agree the benefits sharing procedures in place, are fundamental. For this, a 
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digital and dynamic profit-sharing mechanism can mitigate this community risks when sharing assets and the 

role of the EC Manager or a managing entity is key for the community's correct operation. 

EC successful BMs can widen their services from pure electricity generation to shared assets like heating and 

mobility domains by exploiting the co benefits between the resources. Beyond economic benefits, being able 

to explode the co benefits, providing environmental, economic and social benefits are key factors for RECs. 

The correspondence between actors and roles and their interaction are shown in Table 3.32 and Figure 3.9. 

Table 3.32 - Match between actors and roles in BM8 

Actor Roles 

Manufacturer Manufacturer 

DER Provider DER Provider 

Financing Entity Financing Entity 

Retailer 
Energy Supplier 

Billing Agent 

Consumer 
Consumer 

Prosumer 

DSO 

Meter Data Collector 

Data Provider 

DSO 

FMO FMO 

EC Manager 

EC Manager 

Resource Aggregator 

DER Manager 

SW Company ICT/SW/DP Provider 

 

 

Figure 3.9 - The Role Model adapted to BM8 
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The results of the assessment of BM8, Table 3.33, show that it can be complex to manage shared assets in 

an EC due to the benefits' distribution among the members and the operation mechanisms and constraints 

of the shared batteries. The high risk, mainly caused by almost no ECs running in Portugal or Spain, and high 

value that could be provided to users demonstrates BM8 to be a reliable BM. 

Table 3.33 ς BM8 evaluation 

Parameters 
Number of 

roles 
Necessary 

tech 
Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

Average 

Complexity 
  

τττ τττ τττ τττ 
 

Risk τττ τττ 
  

τττ τττ 
 

Value τττ τττ τττ τττ 
   

 

The BMC of BM8 is given in Table 3.34. 

Table 3.34 - BMC of BM8 

Key actors: Key activities: Value proposition: !ŎǘƻǊǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇΥ Customers segment: 

- EC Member 

- DER Provider 

- Financing Entity 

- EC Manager 

- DSO 

- Operating the battery 

(includes management 

and maintenance) 

- Energy generation and 

aggregation 

- Distribution and 

calculation of energy 

from battery to 

households  

- Energy sharing 

- Environmental, 

economic and social 

community benefits 

- Revenue from 

flexibility provision 

- Increase self-

sufficiency 

- Improve financial 

benefits by providing 

flexibility when sharing 

with DSO 

- Prevent or alleviate 

grid constraints  

- Reduce or postpone 

grid investments 

- Reduce operational 

costs 

- Contract agreements 

between EC Members 

and EC Manager 

- Direct interactions 

- Residential consumers 

- Large-scale prosumers 

- Local energy producer 

- City councils and 

public building (local 

administrations) 

 

- Appropriate for 

Consumers who care 

about the 

environment (Eco) 

- Appropriate for 

consumer who are 

active in energy issues 

(Adopters) 

Key resources: Channels: 

- Digital platform to 

support the EC 

- Smart meters 

- DER (PV panels, BESS, 

9± /ƘŀǊƎƛƴƎ {ǘŀǘƛƻƴǎΧύ 

- Internal platform 

- Digital platforms 

- Virtual channels (web 

sites, mobile apps, 

ŜƳŀƛƭΣ ŜǘŎΧύ 

- Salesmen and 

technical staff 

Costs: Revenues: 

- Up-front investments for the EC 

- Installation, maintenance, and repair costs of the battery 

(shared between EC and DSO)  

- Consumers pay for the electrical energy they consume from 

the grid, grid tariffs, and taxes 

- Financial benefits to Consumers from selling electricity and 

from producing their own energy 

- Financial return to EC manager 

- Financial return to DER Provider from asset sale 

- Financial revenue from flexibility provision 

 

3.2.2.9. Summary 
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The overall results of the qualitative assessment of the BMs are given in Table 3.35 and summarized next. 

BM1 presents the lowest Complexity and Risk, but also the lowest Value. Meanwhile, BM2 has a higher 

Complexity, Risk and Value than BM1. BM3 has a Complexity and Value similar to BM2, but a lower Risk due 

to the lower entry costs. BM4 and BM5 have a higher Complexity and Risk than all the previous ones, but 

they also create more Value. BM6, which mixes energy and cross-sector activities, appears as the BM with 

the highest Complexity, Risk and Value. Finally, BM7 and BM8 offer the most balanced trade-offs between 

Complexity and Risk and Value. 

Table 3.35 - BM evaluation summary 

Parameters 

Complexity Risk Value 

Number of 
roles 

Necessary 
tech 

Regulatory 
concerns 

Costs 

(consumers) 

Economic 
value 

Non-economic 
value 

BM1       

   

BM2       

   

BM3       

   

BM4       

   

BM5       

   

BM6       

   

BM7       

   

BM8       

   

3.3. Financing mechanisms 

In this section the main financing mechanisms found in the literature are described. Subsequently, they are 

analysed to assess to what extent they can support the implementation of the BMs described in section 3.2. 

These main financing mechanisms are: 
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¶ Equity. 

¶ Debt. 

¶ Mezzanine. 

¶ Crowdfunding. 

¶ Energy Performance Contract. 

¶ Fiscal incentives. 

¶ Financial incentives. 

¶ Direct financing. 

¶ Self-financing. 

3.3.1. Equity 

Equity is a financial scheme where investors purchase shares of a company/project (usually traded on a stock 

exchange), being granted with a certain kind of ownership over the business [82]. When the shares rise in 

value, equity investors (shareholders) are rewarded in the form of capital gains and/or capital dividends [95]. 

Under normal conditions, shareholders can hold their shares for as long as they wish [96]. 

3.3.2. Debt 

Debt is created when something, usually money, is borrowed by one party from another [97]. The main ways 

to finance a business via debt are [82]: 

¶ Loans: A loan is a type of credit in which a lender, such as a financial institution (e.g., a bank), provides 

money to a borrower. When celebrating a loan, certain parameters must be agreed upon, such as the 

monetary sum to be lend, the interest rate that will be charged and the periods and amounts in which 

the principal and the interest will be refunded [82]. 

¶ Energy efficiency loans/mortgages: Energy efficiency loans/mortgages are new products from the 

banking sector. In exchange for a measurable increase in a property's energy performance, a bank might 

offer a more favourable interest rate and/or additional funds when a loan/mortgage is secured. This 

financing mechanism rests in two main assumptions: first, the improvement of the energy performance 

ƻŦ ǘƘŜ ǇǊƻǇŜǊǘȅ Ƙŀǎ ŀ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ƛǘǎ ǾŀƭǳŜΣ ǊŜŘǳŎƛƴƎ ǘƘŜ ōŀƴƪΩǎ ŀǎǎŜǘ Ǌƛǎƪ, and second, borrowers 

have a lower probability of default due to more disposable income thanks to lower energy bills, 

ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ōŀƴƪΩǎ ŎǊŜŘƛǘ Ǌƛǎƪ [98]. Thus, energy efficiency loans/mortgages offer more favourable 

terms for financing the purchase, construction and/or renovation of buildings where there is evidence of 

an energy performance meeting/exceeding pre-defined standards [99] 

¶ Bonds: Bonds are debt instruments that represent loans made to the entity issuing them (issuer) [100], 

that can be marketed to the general public so that other investors can acquire them [82]. Traditionally, 

bonds pay a fixed interest rate to debtholders and, as such, are referred to as fixed-income instruments. 

However, nowadays bonds with variable or floating interest rates are fairly common [100]. When issuing 

bonds, the issuer is free to choose the amount of debt to be created and if some bonds are not acquired, 
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ǘƘŜȅ ŘƻƴΩǘ ǊŜŎŜƛǾŜ ǘƘŜ ŘŜǎƛǊŜŘ ŀƳƻǳƴǘ ƻŦ ƳƻƴŜȅ [82]. Those who buy bonds receive periodic interest 

payments, usually twice a year, and also the bond value on a specific date [101]. 

¶ Green bonds: Green bonds are similar to bonds but designed to encourage sustainability and support 

environmentally friendly projects and businesses related to energy efficiency, sustainable mobility, waste 

management, pollution prevention and control and sustainable infrastructures. These bonds may benefit 

from tax incentives, potentially making them more attractive for investors [102]. 

¶ Asset renting: Renting assets (e.g., PV panels, batteries) can be done in two main ways [82]: 

¶ The assets are immediately provided to the borrower, and an initial payment is made followed by 

periodic payments during a pre-defined period until the price of the assets is covered and the 

borrower becomes the asset owner. If the borrowing party fails to make the periodic payments, the 

lender is entitled to block the operation of the assets. 

¶ The assets are immediately provided to the borrower, who makes periodic payments while intending 

to use those resources, but without ever getting ownership over them. As before, if the borrower fails 

the periodic payments, the renter can block the assets. 

3.3.3. Mezzanine 

Mezzanine is a hybrid of equity and debt that gives the lender the right to convert debt to equity in the 

project/company in the case of default (the failure to make required repayments on a debt) [103]. Some 

sources of mezzanine financing usually include private investors, insurance companies, mutual funds, 

pension funds, and banks. Moreover, it is considered to have a medium to long-term horizon [104]. 

3.3.4. Crowdfunding 

Crowdfunding is employed to raise money for businesses activities and projects. Using online platforms, 

fundraisers are able to collect smaller amounts of money but from a large group of individuals [105]. There 

are different types of crowdfunding, namely: 

¶ Reward-based crowdfunding: Individuals provide financial support and, in return, expect to receive non-

financial rewards at a later stage, such as goods, services, prizes or gifts [105]. A sub-type of reward-

based crowdfunding is generation-based crowdfunding for which the return consists in the supply of 

electricity or a discount in electricity rates [106]. 

¶ Donation-based crowdfunding: Individuals provide financial support, without expecting a financial or 

material return for their aid [105], [106]. 

¶ Profit-sharing/revenue-sharing: The funded activities promise to share future profits or revenues with 

the crowd at a later stage [105], [106]. 

¶ Peer-to-peer lending: The crowd agrees to lend money to a business with the understanding that interest 

will be added to the original loan amount. It is comparable to conventional bank borrowing, with the 

exception that funding is obtained from multiple potentially small investors [105]. 
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¶ Equity crowdfunding: Stakes in a company are sold to investors in exchange for financing. Each investor 

gets a stake proportional to how much they invest in the business. Unlike other capital-raising methods 

such as equity (where funds come from a small group of professional investors), equity crowdfunding 

targets a broader group of investors, raising the necessary capital by obtaining small contributions from 

many individuals [107].  

Some authors also admit the existence of hybrid crowdfunding models, which combine the elements of 

multiple crowdfunding models [105].  

3.3.5. Energy Performance Contracts 

An Energy Performance Contracts (EPC) is an arrangement between a client or project owners and a DER 

Provider or an ESCo. They are meant to help saving energy without the need for any upfront capital 

investments [98]. Under an EPC, the DER Provider/ESCo can execute a renewable energy project or 

implement a methodology to improve energy efficiency, using the income stream from the cost saving or the 

produced energy to repay the costs of the project. The ESCo only receives its payment if the project delivers 

financial benefits [54].  

Using this approach, the risk is moved from the client to the ESCo based on performance guarantees provided 

by the ESCo (performance is measured by the amount of energy produced or saved). An EPC helps to deliver 

infrastructure improvements to facilities lacking engineering skills, manpower and/or funding [54]. 

The duration of an EPC usually ranges from 5 to 10 years for a simple project [108], but it can extend to 20 

or even 30 years or more for large projects [109]. Regarding risks, those are considered small, with the ESCo 

assuming performance and credit risks [109]. 

3.3.6. Fiscal incentives 

Fiscal incentives are policies meant to influence the behaviour of individuals and/or companies who take 

certain actions or act in a particular way by offering them financial rewards [106]. Types of fiscal incentives 

include tax credit, tax abatement and tax exemption. This kind of incentives is intended to make a particular 

decision more desirable than it would be otherwise [110]. 

An example of fiscal incentives is, for instance, when a government, wanting to promote the use of RES and 

decrease energy consumption, offers a tax credit or tax refund to households investing in technologies such 

as solar panels or more efficient HVAC systems [110]. 

3.3.7. Financial incentives 

Financial incentives are monetary benefits given to costumers and/or companies to encourage them to 

change their behaviour take actions which otherwise would not take place [106]. They are sometimes 

regarded as policy instruments for the state which can be linked to other financial instruments or used as 

stand-alone mechanisms [111].  

Usually, financial incentives can take the form of a loan with preferential terms or a grant/subsidy covering 

a percentage of the incurred costs. Some examples of financial incentives are [106]: 
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¶ Grant/subsidy: Financial assistance, usually provided by the government, foundations, or other 

institutions to support specific projects or initiatives, typically without requiring repayment. 

¶ On-tax financing: On-tax financing is a mechanism used to repay money that was lent to be invested in 

ōǳƛƭŘƛƴƎ ƛƳǇǊƻǾŜƳŜƴǘǎ ƳŜŜǘƛƴƎ ŀ ŎŜǊǘŀƛƴ άǾŀƭƛŘ ǇǳōƭƛŎ ǇǳǊǇƻǎŜέ όŜΦƎΦΣ ŜƴŜǊƎȅ ǎŀǾƛƴƎΣ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ 

production, water conservationΣ ŜǘŎΧ). On-tax financing is built upon a pre-existing relationship between 

municipalities and their citizens: the property tax system. Typically, money is lent up-front to home and 

business owners, used for upgrades/retrofits in their buildings, and later refunded through an extra fee 

on property tax. The extra tax should not exceed the energy savings resulting from the retrofits/upgrades 

made to the buildings (or the value of generated energy), thus resulting in positive cash-flows for the 

citizens benefiting from this financing mechanism [98]. 

¶ On-bill programs: On-bill programs are similar to the on-tax financing mechanism, being divided in two 

main types, on-bill financing (OBF) and on-bill repayment (OBR). In both possibilities a utility or private 

lender provides capital to a customer to fund energy efficiency or renewable energies projects in 

buildings, being repaid via regular payments on an existing utility bill. In both OBF and OBR the utility 

collects repayments from the end customer via its monthly utility bill , with the distinction lying in the 

source of capital [98]: 

¶ On-bill financing: The projects are financed using public money, ratepayer funds or utility shareholder 

funds, with the capital typically coming at very low interest rates. 

¶ On-bill repayment: The projects are financed using private capital from third-party investors. The 

interest rate is usually higher than in OBF, however it is often cheaper than the market rate for loans 

due to the added security provided to investors by attaching the repayment obligation to the 

ŎǳǎǘƻƳŜǊΩǎ ǳǘƛƭƛǘȅ ōƛƭƭΦ 

¶ Revolving funds: In a revolving fund an organisation has a reserve of money (a fund) which is lend to one 

or more borrowers to finance a set of activities. Later, each borrower is expected to repay the original 

amount over a specified period, with an additional sum being charged (interest) to cover administrative 

costs and to protect the fund from depletion [106]. Loans and revolving funds have similarities, but while 

the first is a sum of money, borrowed from a lender for many kinds of purposes, and repaid over a specific 

time, a revolving fund is an ongoing source of capital for pre-defined activities, without a specific end 

date and where money circulates between the fund and its members. Moreover, revolving funds are 

usually provided by governmental agencies  and non-profit making organizations, but not with banks 

[112]. 

¶ Recurring funds:  Financial tools focused on vulnerable homeowners with limited or no resources to 

renovate their houses and improve their quality [106]. Although several other mechanisms already exist 

to support renovations, several projects are not implemented because other types of incentives 

frequently require that the eligible activities are completed and paid for before the owner applies to the 

subsidies. For vulnerable householdsΣ ǘƘƻǎŜ ŎƻƴŘƛǘƛƻƴǎ ƳŜŀƴ ǘƘŀǘ ǘƘŜȅ ŎŀƴΩǘ ŀŎŎŜǎǎ ǘƘŜǎŜ ǎǳǇǇƻǊǘ 
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ǎŎƘŜƳŜǎΣ ŀǎ ǘƘŜȅ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ ǊŜǉǳƛǊŜŘ ŦǳƴŘƛƴƎ ǘƻ ŎƻƳǇƭŜǘŜ ŀƴŘ Ǉŀȅ ŦƻǊ ǘƘŜ ŜƭƛƎƛōƭŜ ŀŎǘƛǾƛǘƛŜǎΦ IƻǿŜǾŜǊΣ 

through the recurring funds, they can access these schemes. This fund is neither a subsidy nor a loan. 

Unlike a subsidy, the recurring fund must be repaid and, unlike loans, repaying it does not involve a 

recurring repayment.  The recurring fund is meant to be self-sustaining, therefore those benefiting from 

it have to pay back a part of the added value [113]. For instance, if the renovated houses are sold, part 

of the value of the sales is used to repay the fund, of ƛŦ ǘƘŜ ǇǊƻǇŜǊǘȅΩǎ ǾŀƭǳŜ ǊƛǎŜǎ over time part of this 

gain is allocated to the fund. With these repayments, the revolving fund can contribute to other 

renovation projects [114]. 

3.3.8. Self-financing 

Self-financing refers to the act of raising or providing funds or capital for something oneself, without 

depending on external sources or intermediaries [115]. 

3.3.9. Summary 

The main characteristics of the described financing mechanisms are summarized in Table 3.37. 
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Table 3.36 ς Financing mechanisms characteristics 

Financing 
mechanism 

Description Source of funds 
Repayment 
structure 

Duration Risk Sustainability 

Equity 
Selling ownership shares of the 
company/business to investors in 
exchange for capital. 

Investors, who turn into 
partial owners of the 
company/business. 

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

Long-term partnership 
between investors and 
the company/business 

Risk and rewards shared 
between investors and 
the company/business. 

Source of capital for a 
sustainable and long-term 
growth without specific 
goals 

Debt 

Borrowing money from a lender 
with the obligation to repay it 
along with interest and within a 
certain period. 

Banks, bondholders, and 
financial institutions, or 
DER Provider/ ESCo (in the 
case of asset renting). 

Periodic payments of 
principal and interests. 

Variable, from short-
term (months) to long-
term (decades). 

Lenders face the risk of 
default. 

Can support sustainable 
projects, such as green 
bonds for environmentally 
friendly initiatives. 

Mezzanine 
Converting debt to equity if the 
borrower fails to make required 
repayments. 

Investors, banks, mutual 
funds, pension funds and 
insurance companies. 

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

Medium to long-term. 
Lenders face risk of losing 
money in the case of 
company bankruptcy. 

Supports business growth, 
without specific goals. 

Crowdfunding 
Rasing money from a large 
number of people, usually online. 

Large number of individual 
contributors. 

Variable, depends on 
the model 

Fundraising usually lasts 
up to several months. 

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

Can support sustainable 
projects, such as green 
technologies and energy 
communities. 

Energy 

Performance 

Contracts 

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

Company (DER Provider/ 
ESCo) uses its own funds.  

Repayments based on 
the achieved energy 
savings. 

Pre-defined term, usually 
several years (payback 
period of the project). 

Regarded as low risk, 
which is assumed by the 
DER Provider/ ESCo. 

Help to increase energy 
efficiency and reduce 
energy consumption. 

Fiscal incentives 

Implementing policies that offer 
tax benefits or financial 
advantages to the individuals and 
businesses promoting specific 
activities. 

Government funds, non-
profit organizations, and 
private companies. 

No repayments, 
Variable, depends on the 
policy objectives 

No risk, as repayments 
are not expected. 

Can promote 
sustainability goals by 
encouraging eco-friendly 
investments. 

Financial 

incentives 

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

Government funds 

Depends, some are 
non-repayable, while 
others expect 
repayments. 

Often offered as one-
time payments or 
deductions. 

Regarded as low risk, or 
even inexistent in the 
cases where no 
repayment is expected. 

Used to boost usage of 
RES, increase energy 
efficiency can reduce 
GHG.  

Self-financing 
Using own funds, without needing 
external sources or 
intermediaries. 

Own funds τττ τττ τττ τττ 
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3.4. Business Models financing 

In this section the BMs described in section 3.2 are matched with the main financing mechanisms presented 

in section 3.3. A criteria-based methodology is proposed to support this matching. Here, for a BM to be 

supported by a certain financing mechanism, it must satisfy a set of key criteria (Table 3.37). For instance, for 

a BM to be financed by 9ǉǳƛǘȅ ƛǘ Ƴǳǎǘ ŦǳƭŦƛƭ ŎǊƛǘŜǊƛƻƴ 9мΣ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ άtƻǎǎƛōƛƭƛǘȅ ǘƻ ǎŜƭƭ ƻǿƴŜǊǎƘƛǇ ƻǾŜǊ ǘƘŜ 

ōǳǎƛƴŜǎǎκŀŎǘƛǾƛǘȅέΦ Equally, for a BM to be financed through Mezzanine it must check two criteria 

ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΣ ǿƘƛŎƘ ŀǊŜ ŎǊƛǘŜǊƛƻƴ aм όά.ƻǊǊƻǿŜǊǎ Ŏŀƴ ŎƻƳƳƛǘ ǘƻ ǇŀȅκǊŜǇŀȅ ǘƘŜ ŘŜōǘκŀǎǎŜǘ όǇƻǎǎƛōƭȅ ǿƛǘƘ 

ƛƴǘŜǊŜǎǘǎύέύ ŀƴŘ ŎǊƛǘŜǊƛƻƴ aн όάtƻǎǎƛōƛƭƛǘȅ ǘƻ ǎŜƭƭ ƻǿƴŜǊǎƘƛǇ ƻǾŜǊ ǘƘŜ ōǳǎƛƴŜǎǎκŀŎǘƛǾƛǘȅΣ ƛŦ ƴŜŎŜǎǎŀǊȅέύΦ 

Table 3.37 ς Criteria to match BMs and financing mechanisms 

Financing 
mechanism 

Key criteria 

Equity 
E1: άtƻǎǎƛōƛƭƛǘȅ ǘƻ ǎŜƭƭ ƻǿƴŜǊǎƘƛǇ ƻǾŜǊ ǘƘŜ ōǳǎƛƴŜǎǎκŀŎǘƛǾƛǘȅέ    
 δ  

Debt 
D1: ά.ƻǊǊƻǿŜǊǎ can commit to pay/repay the debt/asset όǇƻǎǎƛōƭȅ ǿƛǘƘ ƛƴǘŜǊŜǎǘǎύέ 

 δ  

Mezzanine 

M1: άBorrowers Ŏŀƴ ŎƻƳƳƛǘ ǘƻ ǇŀȅκǊŜǇŀȅ ǘƘŜ ŘŜōǘκŀǎǎŜǘ όǇƻǎǎƛōƭȅ ǿƛǘƘ ƛƴǘŜǊŜǎǘǎύέ 

 δ  
M2: άtƻǎǎƛōƛƭƛǘȅ ǘƻ ǎŜƭƭ ƻǿƴŜǊǎƘƛǇ ƻǾŜǊ ǘƘŜ ōǳǎƛƴŜǎǎκŀŎǘƛǾƛǘȅΣ ƛŦ ƴŜŎŜǎǎŀǊȅέ  

 δ  

Crowdfundin

g 

C1: ά.ƻǊǊƻǿŜǊǎ ƴŜŜŘ ŀ ǎǳōǎǘŀƴǘƛŀƭ ŀƳƻǳƴǘ ƻŦ ƳƻƴŜȅέ    
 δ  
C2: ά.ƻǊǊƻǿŜǊǎ Ŏŀƴ ŎƻƳƳƛǘ ǘƻ ǎƘŀǊŜ ŦƛƴŀƴŎƛŀƭ ōŜƴŜŦƛǘǎέ    
 δ  
or 
C2: ά.ƻǊǊƻǿŜǊǎ Ŏŀƴ ŎƻƳƳƛǘ ǘƻ ǇŀȅκǊŜǇŀȅ ǘƘŜ ōƻǊǊƻǿŜŘ ŎŀǇƛǘŀƭέ   
 δ  
or 
C2: άtƻǎǎƛōƛƭƛǘȅ ǘƻ ǎŜƭƭ ƻǿƴŜǊǎƘƛǇ ƻǾŜǊ ǘƘŜ ōǳǎƛƴŜǎǎκŀŎǘƛǾƛǘȅ ά   
 δ  
C3: ά.ǳǎƛƴŜǎǎκŀŎǘƛǾƛǘȅ ŀǘǘǊŀŎǘƛǾŜ ŦƻǊ оǊŘ ǇŀǊǘƛŜǎΣ ǿƛǘƘ ǎƻŎƛŀƭκŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎ 
 δ  

Energy 

Performance 

Contracts 

EPC1: ά.ƻǊǊƻǿŜǊǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǊŜƴƻǾŀǘŜκǊŜǘǊƻŦƛǘ ǘƘŜƛǊ ōǳƛƭŘƛƴƎǎέ    
 δ  
EPC2: ά.ƻǊǊƻǿŜǊǎ ŜȄǇŜŎǘƛƴƎ ǎƳŀƭƭΣ ǇŜǊƛƻŘƛŎ ǎŀǾƛƴƎ ƛƴ ǘƘŜƛǊ ŜƴŜǊƎȅ ōƛƭƭǎέ   
 δ  
EPC3: ά.ƻǊǊƻǿŜǊǎ ƳƻǾŜŘ ōȅ ŜŎƻƴƻƳƛŎ ŀƴŘκƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜŀǎƻƴǎέ  
 δ  

9t/пΥ άLƴŘƛǾƛŘǳŀƭ ŀǊǊŀƴƎŜƳŜƴǘ ōŜǘǿŜŜƴ ƭŜƴŘŜǊ ŀƴŘ ōƻǊǊƻǿŜǊέ   
 δ  

Fiscal 

incentives 

Fs1: ά.ƻǊǊƻǿŜǊǎ ŜȄǇŜŎǘƛƴƎ ǎƳŀƭƭΣ ǇŜǊƛƻŘƛŎ ǎŀǾƛƴƎ ƛƴ ǘƘŜƛǊ ŜƴŜǊƎȅ ōƛƭƭǎέ   
 δ  
Fs2: ά.ǳǎƛƴŜǎǎκŀŎǘƛǾƛǘȅ ǿƛǘƘ ǎƻŎƛŀƭκŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎέ    
 δ  
Fs3: ά/ŀǇƛǘŀƭ ǇǊƻǾƛŘŜǊ ƛƴǘŜƴǘǎ ǘƻ ƛƴŘǳŎŜ ŎŜǊǘŀƛƴ ōŜƘŀǾƛƻǳǊ ƛƴ ǘƘŜ ǊŜŎŜƛǾŜǊǎέ  
 δ  
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Financial 

incentives 

Fn1: ά.ƻǊǊƻǿŜǊǎ ŜȄǇŜŎǘƛƴƎ ǎƳŀƭƭΣ ǇŜǊƛƻŘƛŎ ǎŀǾƛƴƎ ƛƴ ǘƘŜƛǊ ŜƴŜǊƎȅ ōƛƭƭǎέ   
 δ  
Fn2: ά.ƻǊǊƻǿŜǊǎ can commit to slowly pay/repay the debt (only ƛŦ ƴŜŎŜǎǎŀǊȅύέ 
 δ  

Self-financing 

Sf1: άhǿƴ ŦǳƴŘǎ ŀǾŀƛƭŀōƭŜΣ ǿƛǘƘƻǳǘ ǊŜǉǳƛǊƛƴƎ ŦƛƴŀƴŎƛŀƭ ŀƛŘ ƻǊ ǎǳǇǇƻǊǘέ  
 δ  
Sf2: ά!Ǿŀƛƭŀōƛƭƛǘȅ ǘƻ ŀŎŎŜǇǘ ƛƴǾŜǎǘƳŜƴǘ Ǌƛǎƪǎ (if investment exists)έ   
 δ  

 

The BMs and financing mechanisms are matched according to those criteria, with the results (either if they 

fulfil or not the criteria) being provided in Table 3.38. In the remaining of this section, it is further detailed 

how each BM can be supported by the mechanisms assigned to it. 
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Table 3.38 ς Financing mechanisms and BMs criteria evaluation 

BM 
Equity Debt Mezzanine Crowdfunding EPC Fiscal incentives 

Financial 
incentives 

Self-financing 

E1 D1 M1 M2 C1 C2 C3 EPC1 EPC2 EPC3 EPC4 Fs1 Fs2 Fs3 Fn1 Fn2 Sf1 Sf2 

BM1                 X X 

BM2  X X  X X  X X X X X X X X X X X 

BM3  X X   X  X X X X X   X    

BM4  X X  X X  X X X X X X  X  X X 

BM5 τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ 

BM6 τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ τττ 

BM7 X X X X X X X X X X  X X X X X X X 

BM8 X X X X X X X X X X  X X X X X X X 
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3.4.1. BM1: Traditional retailer 

Regarding the cost structure of BM1, the only suitable financing mechanism is: 

¶ Self-financing ς Consumers pay the energy bill. 

3.4.2. BM2: Flex assets acquisition 

In BM2, Consumers can be supported via: 

¶ Debt ς Consumers can ask for normal loans or energy efficiency loans/mortgages. 

¶ Energy Performance Contracts ς The resulting energy savings or cost savings are used to repay the assets 

[54], [98]. 

¶ Fiscal incentives ς Again, VAT reductions can be applied not only to energy bills but also to energy 

efficiency and to renewable energy projects [106]. 

¶ Financial incentives ς Certain governmental programs provide funds or loans to citizens [106].  

¶ Self-financing ς  Consumers use their own funds to pay for the assets.  

In the context of BM2, fiscal incentives can make the investment in energy efficiency and renewable energy 

projects (e.g., of PV+BESS, smart HP, or HVAC systems) more affordable to Consumers. There are numerous 

examples of the utilization of this mechanism in EU countries, for instance, in France [116], Netherlands [117], 

Belgium [118] and Italy [119]. Moreover, VAT reductions can apply to the energy produced from RES, as in 

[120], [121], but also be used to help vulnerable citizens and families [122]. Regarding financial incentives, 

some governments created programmes to support the rehabilitation and decarbonisation of the domestic 

sector by offering subsidies and loans to citizens to cover a fraction of the costs of eligible projects. These 

involve renovations to improve energy efficiency and water efficiency of buildings and projects involving low 

carbon solutions, such as [7], [123], [124]. Meanwhile, through Energy Performance Contracts assets are 

ƛƴǎǘŀƭƭŜŘ ŀǘ ǘƘŜ /ƻƴǎǳƳŜǊΩǎ ǇǊƻǇŜǊǘȅ ǿƛǘƘƻǳǘ ǳǇŦǊƻƴǘ ŎƻǎǘǎΣ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ǎŀǾƛƴƎǎ ōŜƛƴƎ ǳǎŜŘ ǘƻ Ǉŀȅ ǘƘŜ 

DER Provider. A few examples of companies offering these possibilities can already be found [125], [126], 

[127]. Moreover, loans with more favourable conditions for homeowners wishing to improve the efficiency 

of their houses are offered by several financial institutions, as in [128], [129]. If none of the described 

mechanisms are available, of if the Consumers choose not to resort to them, the last available option is self-

financing. 

3.4.3. BM3: EaaS from retailer 

For the BM3, the appropriated financing mechanisms are: 

¶ Debt ς More specifically asset renting. For this case, it is negotiated a contract between Consumer and 

DER Provider, in this case Retailer, specifying the periodic fee and other conditions. The equipment is 

provided immediately after the contract signing. The payment covers asset price and operating and 

servicing costs [130]. 

¶ Energy Performance Contracts ς Energy bill savings cover the fee paid by renting the assets [54], [98]. 
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¶ This way the Consumer is free from big initial investments and can pay the asset value along the time of 

its utilization. However, if payments fail, the provider can block the asset operation until the payments 

ŀǊŜƴΩǘ ǊŜǎǳƳŜŘΦ 

3.4.4. BM4: DERs from retailer 

In the BM4, the financial mechanisms assumed are: 

¶ Debt ς Retailers can concede a loan to the Consumers to buy the assets.  

¶ Energy performance contract ς The contract will be celebrated between Consumer and Retailer. The cost 

savings or the renewable energy produced that Consumer presents can be used to repay costs of the 

investment. 

¶ Self-financing ς The Consumer pays the assets total value at once to Retailer.  

For this BM, the transactions, whatever they are, will be between Consumer and Retailer. One possibility is 

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

loan to Retailers companies and paying over the time. The main resources that can be bought under this BM 

are PV panels and batteries and many times there are packs with the two types of devices, improving the 

installation reliability [131], [132], [133]. 

3.4.5. BM5: Grid flexibility 

In this BM, it is assumed that the assets are already installed and prepared to supply flexibility to grid 

operators via Aggregator. So, a financing mechanism doesn´t make sense because this BM is in a step ahead. 

However, financial mechanism centred in Aggregator, DER Manager or DSO activities can be implemented, 

but this is not a subject for this section. 

3.4.6. BM6: Cross-sector services. 

For this BM, the situation is similar to the BM5 in what regards to flexible assets. It is assumed that they are 

already bought. The payment for cross-sector services requires a contract between Consumers and a Service 

/ƻƳǇŀƴȅ ό{/ƻύΣ ƘƻǿŜǾŜǊ ǘƘƛǎ ƛǎƴΩǘ considered a financing mechanism, because this transaction will be a 

simple periodic payment, according to the contract [62].  

3.4.7. BM7: Flexible EC 

To support the development of ECs in BM7 the following mechanisms are available: 

¶ Equity ς Investors support an EC by acquiring a portion of it [134]. 

¶ Debt ς Investors lend money to the EC, asking for a fee in return [134]. 

¶ Mezzanine ς Debt is converted to equity if not paid back by the EC [135]. 

¶ Crowdfunding ς Funds for the EC are collected from a large number of people using a platform [106]. 

¶ Fiscal incentives ς Again, policies like VAT reductions can help in deploying projects involving renewable 

energies, as is the case of ECs. 
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¶ Financial incentives ςLoans provided by the government to EC Members [106].  

¶ Self-financing ς Consumers wishing to become EC Members use their own funds. 

When equity is used, capital is raised from members of the EC. In return, the EC Members willing to provide 

funds become co-owners of the community and receive part of the profit, such as annual dividends. Usually, 

equity is used for the implementation and operation phases of a new EC. Since these early stages are 

perceived as having a higher risk, most citizens are often not too willing to invest. Meanwhile, when debt is 

used, the investors providing capital do it in exchange of a regular fee to cover the interest. Once the debt is 

repaid, those investors no longer have a relation with the EC [134]. A third option is mezzanine, where funds 

provided to the EC as debt capital can be converted to equity if the loan is not paid back [135]. Crowdfunding 

can also be used to finance ECs using different methodologies: equity crowdfunding (investors get ownership 

over the EC, being promised future profits), debt crowdfunding (investors give loans in return for interests) 

and donation based crowdfunding (investors do not receive anything) [134]. Fiscal and financial incentives 

promoting the usage of RES are important for the deployment of ECs, reducing the monetary effort for their 

implementation. At least, Consumers can make use of their own funds to acquire the necessary resources to 

create/join an EC, but, with such a vast amount of financing mechanisms available, this option should only 

be used as a last resort. 

3.4.8. BM8: Flexible EC with shared assets 

¶ BM8 has a different operation than BM7, but, since their development phases follow similar processes, 

the financing mechanisms available to support the Consumers/Prosumers in BM8 are the same as 

described in subsection 3.4.7., which include: 

¶ Equity ς Investors support an EC by acquiring a portion of it [134]. 

¶ Debt ς Investors lend money to the EC, asking for a fee in return [134]. 

¶ Mezzanine ς Debt is converted to equity if not paid back by the EC [135]. 

¶ Crowdfunding ς Funds for the EC are collected from a large number of people using a platform [106]. 

¶ Fiscal incentives ς Again, policies like VAT reductions can help in deploying projects involving renewable 

energies, as is the case of ECs. 

¶ Financial incentives ςLoans provided by the government to EC Members [106].  

¶ Self-financing ς EC Members use their own funds 
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4. Concept and design of the flexibility value chain 

The Flexibility-centric VC democratizes the enrolment and engagement of Flexibility stakeholders despite 

their size, flexibility potential or role. It provides means for the energy market to adapt to flexibility services 

and make distributed resources available and interoperable to all parties, contributing to unlock the flexibility 

potential of the final customers / DER Owners.  

The main concept for the Flexibility-centric VC is that it will concentrate in a simple, multi-stage process, the 

link between providers of flexibility and those procuring it, while at the same time exploring the intrinsic 

value of being flexible via the adoption of BMs that can create value along the VC and for multiple 

stakeholders.  

The cornerstone of the value chain is the capability to pair or matchmake stakeholders in each stage, (e.g., 

allowing Prosumers to join the VC with flexible assets and be paired with Aggregators that are in need to 

incorporate their flexibility potential) and bind them to a BM that could deliver a profit based on the 

potentially created value. This is achieved by using digital tools to coordinate and exchange information 

between flexibility assets, flexibility providers and grid operators onboarded in the VC.   

Interoperability and data exchange tools or enablers are included as a transversal capability, linking each 

stage with standard or interoperable interfaces. This means that for each main stage, the VC will export a 

data representation, as standard as possible.  

As flexibility encompasses a cross-sector dimension, the VC will allow the creation and track of the B2B or 

B2C agreements in place at each stage, regulating the participation of each party.  

Services available in the VC embody these concepts, focusing on one specific stage or providing a multi-stage 

service along the VC.  

In a nutshell, the VC enables flexible assets to be easily incorporated and controlled via services that 

implement BMs capable of harvesting the potential of flexibility and beyond flexibility assets, while handling 

their coordination with key external parties. The flexible assets are made available to the market (i.e., namely 

via an Aggregator), whose activation or mobilisation is dictated by market conditions and in line with the 

available BMs of the VC.  

Ultimately, the VC provides a one stop enabler for all flexibility related stakeholders to acquire flexible assets, 

expose them to innovative and attractive BMs and to handle the control and mobilisation of those flexible 

assets. For Consumers/ DER Owners, it provides a low-cost and low complexity solution. For businesses, it 

allows the discovery of candidate Consumers and partnerships and to promote sustainable BMs that avoid 

shortage of flexibility in the electrical system, due to unattractive value propositions. 

A roadmap describing the actions and steps required to operationalise, implement, and sustain the VC was 

presented to the participants of WP1 in a workshop delivered in May 2023. From the received feedback, it 

was possible to conclude that the VC suits the mapping of all Use Cases and includes all the necessary stages 

for boosting distributed flexibility. The structure and the content presented on the workshop is further 

detailed in Annex I. 
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4.1. Value chain design 

The BeFlexible VC, presented in Figure 4.1, is divided in six steps: Flexibility capacitation, 

Integration/Enablement, Aggregation, Negotiation preparation, Market Operation and Activation & 

Settlement. The description of its design includes the identification of the activities and the main roles 

involved in each one of those steps, with the activities being divided in main and supporting activities. 

Moreover, inside the main activities there are two types: activities that happen regularly and contribute to 

the steady operation of the VC, and activities that only occurs once or with very low frequency but are still 

essential to the provision of flexibility. The supporting activities are services that are often provided or 

referred to, can add value to the VC, but are not a requirement. 

It is a result from the BMs and Role Model previously described, while part of its structure is based on [51], 

[136]. 

 
Figure 4.1 ς Flexibility-centric and Cross-sector VC design 

4.1.1. Flexibility capacitation 

Flexibility capacitation addresses the identification of the available or potential flexibility that can be harvest 

from or deployed on the ConsumerǎΩ ǎƛŘŜΦ  Thus, in the first stage, the main activities include the acquisition 

and/or retrofit of assets for Consumers to participate in the provision of flexibility. Then, Consumers can 

voluntarily make their flexible assets available in exchange for benefits. The assets being considered are those 

belonging to the electricity domain, such as PV panels, BESS, and other cross-sector assets such as heat pump 

water heaters (HPWH) for heating, or EVs for mobility. On the ConsumerǎΩ ǎƛŘŜ a registration into the system 

(which is done once) is necessary, and also the contracting and supporting of asset/service providers wishing 
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to explore a given BM. The VC should also support assets purchase/retrofit by helping Consumers to find 

financing mechanisms matching their needs. 

In the supporting activities, there are auxiliary services which can help in the installation of assets and create 

additional value to the Consumer. They include sizing, efficiency improvement, energy behaviour diagnostics, 

and optimal aggregation services which are important to take advantage of flexibility provision and assets 

operation. In the case of an EC, like in BM7 (subsection 3.2.2.7), the support for the creation of ECs is an 

activity that is considered to belong to this VC step, which could, for example, be performed by an ESCo. 

Energy education services to improve energy literacy and teach good energy practices towards improving 

efficiency are also considered as supporting activities belonging to flexibility capacitation.  

The main roles in this stage are: 

¶ Consumers, who receive/acquire the flexible assets from which they will benefit while becoming more 

environmentally friendly. 

¶ DER Provider, responsible for delivering the assets. 

¶ ICT Provider, responsible for the communication and control software. 

¶ Manufacturer, who produces the assets and delivers them to DER Provider. 

¶ ESCo/ SCo, who offer their services to the Consumers (as described in the BMs). 

4.1.2. Integration/Enablement 

The integration/enablement stage includes the operation and management of the assets installed in the 

previous step. The main activities with regular operation include the configuration of EMS/HEMS, which act 

as gateways to enable information and instructions exchange, and also the processing of metering and 

submetering data to register consumption/production levels. To connect the Consumers with the rest of the 

VC, it is necessary an integration in the aggregation digital platform to allow data delivery to the Aggregator 

and flexibility assets management from the Aggregator.  

Moreover, in this step takes place the integration of cross-sector services from SCo with access to signals and 

data to provide surveillance, mobility, and health services. For example, in the case of surveillance, the 

Consumer can hire a SCo to be responsible for the house security. For this purpose, Consumer allows the SCo 

to access security alarm and sensors signals, including energy data, the later enabled by the VC. 

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

¶ DER Manager, responsible for the Consumers assets operation, using the appropriate software and 

digital platform. 

¶ Consumers, to become fully integrated in the flexibility VC. 

4.1.3. Aggregation 

In the aggregation stage, the main activity is the continuous operation of the aggregation digital platform to 

respond to flexibility requests from the flexibility procurers. This digital platform, since it has its ConsumersΩ 

data aggregated, calculates (applying the corresponding aggregation algorithms) the best flexibility offers to 
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bid in the flexibility markets. After the offering process, the flexibility needs to be activated by controlling the 

assets engaged in the bid submitted and accepted to meet the committed flexibility. 

A part of the aggregation process is the settlement with the aggregated Consumers for the flexibility 

provided, and, as such, at this step there is also access to the settlement results to distribute the revenues 

among the aggregated Consumers (explained later at the settlement stage). 

About the activities that only occur once, the Aggregator needs to be pre-qualified and registered as a market 

actor to be able to participate in the market to provide flexibility. It is also necessary that the Aggregator 

itself pre-qualifies the Consumers to assure they can indeed provide flexibility, and to prevent problems in 

the activation process. Finally, to support the operation of aggregation, digital platforms are needed by the 

Aggregators with the corresponding aggregation algorithms to compute the optimal aggregation of their 

portfolios according to the flexibility requested, and to compute the corresponding bids. 

Regarding supporting activities, the focus are the services that can be applied to the aggregated Consumers 

(e.g., supporting RECs by setting up and managing digital platforms). 

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

¶ Resource Aggregator, or the REC Manager behaving as an Aggregator for the EC Members according to 

the EC BM. All the activities described above are performed by these actors, that are responsible for 

aggregating Consumers or EC Members to facilitate the negotiation of flexibility. 

4.1.4. Negotiation preparation 

The negotiation preparation and market operation stages are interrelated. The negotiation stage is the first 

one and refers to use of market analysis tools to compute the optimal flexibility bids to be sent to the market. 

Therefore, in the negotiation phase, the main activities are the reception of the flexibility needs from the 

flexibility procurers (e.g., grid operators), the identification of flexibility zones for the aggregation process, 

and, finally, the preparation of bids to be submitted to the flexibility markets. The market operation is the 

next stage, where bid selection is decided.  

At this step, the pre-qualification of the Aggregator by the market operator is needed once, to guarantee the 

financial health of the market participants, and the pre-qualification of DSOs may also be needed once or in 

a more continuous way, depending on the pre-qualification type to guarantee the correct communication 

between Aggregator, grid operators and platforms, and assess the impact on the Aggregator assets on the 

grid constraints. 

In this step there are other activities that, despite not being required, can be useful to the computation of 

the optimal bids. Market analysis and simulation tools help to compute optimal bids according to the 

expected market behaviour, and to maximize value of the offered flexibility. Moreover, forecasting tools are 

complementary to market analysis tools to improve the estimation of the expected market behaviour. The 

weather forecast is an example, allowing a better forecast of the renewable energy production and 

consequently the flexibility needs for grid operators. Grid analysis is also one of the activities that may help 

to forecast where the grid constraints could be located, and the type and amount of flexibility needed. 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

83 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

In this step, the main roles and their responsibilities are those that have a direct link to buying and selling 

flexibility in the market: 

¶ Aggregator, who offer flexibility by preparing and submitting flexibility bids. 

¶ Flexibility procurers, which, depending on the market, can include grid operator (DSOs or TSOs) and/or 

BRPs. 

4.1.5. Market operation 

The market operation step involves the flexibility marketplace operation by means of the appropriate market 

platform and abiding by the specific market rules. The market platform publishes flexibility needs, collects 

the submission of flexibility bids and their selection (or partial selection by elaborating a merit order list), as 

well as in the formalization of the contracts between flexibility buyers and sellers. 

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

¶ Flexibility Market Operator, who facilitates the communication and coordination of all market 

processes. Other relevant actors are the flexibility procurers (DSOs, TSOs, BRPs) and the Aggregators.  

4.1.6. Activation and settlement 

Finally, the last step of the VC includes a set of relevant actions needed to activate the flexibility selected, to 

confirm that the flexibility activated is indeed activated, and to settle it according to the pre-specified 

settlement rules and contractual agreements, including the invoicing process.  

In the flexibility activation process, the grid operator decides among the selected bids, if the flexibility should 

be activated and, therefore, the corresponding energy (up or down) provided. This is done by sending the 

activation signal to the Aggregators or flexibility providers, that can directly control the aggregated assets or 

forward the activation signals to the DER Managers ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ŀǎǎŜǘǎΩ ƻǇŜǊŀǘƛƻƴΦ  

To check if the request to increase or decrease consumption/production was fulfilled, the verification task is 

performed according to a pre-agreed baseline, computed according to a baseline calculation methodology 

and relying on monitoring the performance of the Aggregators or in the capability of the flexible assets in 

their control to providing the flexibility committed (additional information on baseline methodologies and 

metering is provided in D1.1 [71]). 

Moreover, this step must ensure that the acquisition of flexibility to assist in grid operation procedures is 

done in a coordinated manner between TSOs and DSOs, depending on the coordination mechanisms in place. 

After the settlement is done between the flexibility procurers and the Aggregators, the Aggregators must 

perform the settlement with the asset in their portfolios of flexibility assets, so that the added value for the 

provision of flexibility is also shared with the Consumers.  

As a supporting activity, it is considered that relevant statistics may be computed to assess the flexibility 

market behaviour, the reliability of the flexibility committed and, regarding Aggregators participating in the 

flexibility provision, the analysis on the ŀŎǘƻǊΩǎ behaviour and the impact of the flexibility activation on the 

grid condition. 
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In this step, the main roles inside this step are: 

¶ Resource Aggregator, that prepares the optimal bids based on their flexibility assets portfolio and 

flexibility requirements and settle with their aggregated Consumers the benefits from providing 

flexibility. 

¶ DER Manager, that receives the flexibility activation signals to control the assets and deliver the 

committed flexibility. 

¶ Meter data collector, that has access to metering and submetering data and provide them to the 

authorized parties that need them (DSOs, Aggregators, etc) to help in the flexibility delivery verification 

process. 

¶ DSOs and TSOs, that manage their respective grids, and compute and inform about their flexibility needs, 

select the flexibility bids, decide their activation, verify the delivery, and settle the flexibility provision. 

¶ Billing agent, responsible for the invoicing process. 

4.1.7. Value chain and role model 

To connect the VC with the proposed role model, the following diagram shows where each one of the VC 

phases are located and which roles will be essential to its operation: 

 
Figure 4.2 - Role Model mapping along the VC 

4.1.8. Roadmap 

The BeFlexible VC roadmap is meant to delineate the steps and actions necessary to operationalise, 

implement, and sustain the VC in real world applications. 
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The implementation of the VC starts with the deployment of the GDBN as a service. Next, in the onboarding 

step, stakeholders are invited to make their registration into the VC. Then, as members of the VC, those 

stakeholders can provide or subscribe to flexibility BMs. Since some of those stakeholders might already 

operate an own platform, it is necessary to guarantee a seamless link and data exchange between them and 

the GDBN. Once operational, the GDBN enables stakeholders to identify and match flexibility offers and 

requests from both Consumers/Prosumers and service providers. From their participation in the GDBN, 

stakeholders can create value and be paid for it, fostering a sustainable and mutually beneficial ecosystem. 

The last stage of the roadmap is centred on guarantying the scalability of the GDBN, so it adapts to a variable 

demand. The VC roadmap is depicted in Figure 4.3. 

 

Figure 4.3 - VC roadmap 
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5. Architecture of the Grid Data and Business Network 

The Grid Data and Business Network, from now on GDBN, is a digital platform to provide support to all 

activities in the Flexibility-centric VC described in Section 4. The conceptual design of the GDBN is depicted 

in Figure 5.1. 

 

Figure 5.1 Conceptual Architecture for the GDBN 

The GDBN architecture is composed by several logical modules concerning the adoption of the flexibility VC: 

the flexibility-centric services, hosting all the services that embody the different phases of the VC; the 

flexibility products,  that characterize how the components of the flexibility-centric services module should 

behave in terms of the flexibility provision; the VC services, to support the basic features of the GDBN as an 

enabler of the VC (registration, data exchange, contracts management, etc); and the interoperability and 

data spaces module, to provide data interoperability and sovereignty for external services and actors 

interfacing with the GDBN. 

To build on top of existing technologies and proposals, selected digital platforms and flexibility products are 

reviewed and summarized. Then, the processes for the flexibility exchange to be supported by the GDBN, the 

GDBN basic functionalities, the flexibility products to be considered in WP6 pilot demonstration, and the 

GDBN and basic and advanced services are described.  

5.1. Digital Platforms review 

This subsection presents a review of digital platforms related to the objectives of the GDBN. Depending on 

their purpose and functionalities, they can be divided into different categories, and several classification 

proposals can be found in the literature according to platform characteristics and main purpose. For instance, 

in [137], digital platforms are merely divided in Market Platforms and Aggregator Platforms. Meanwhile, in 

[138], they are split in Data Exchange Platforms, Flexibility Platforms and Aggregator Platforms. A more 

comprehensive classification is provided in [139], where eight categories are presented, including Market 

Platforms, TSO or DSO Operational Platforms, TSO/DSO Coordination Platforms, Market Facilitation 
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Platforms (data exchange/data hub), Technology Platform (VPP or Microgrid Controller), Community Services 

Platforms, BRP/ Supplier Trading Platform and, at last, Energy Management Platforms.  

For this work, the digital platform classification methodology used is the one proposed by ENTSO-E [140], 

that classifies the digital platforms designed to support the operation of power systems in the following 

categories [140]: 

¶ Aggregator Platform: 

¶ Decentralized Assets; 

¶ Centralized Assets; 

¶ Decentralized and Centralized Assets; 

¶ Flexibility Market Platform: 

¶ Operated by a Power Exchange; 

¶ Operated by a DSO; 

¶ Operated by a TSO; 

¶ Jointly operated by TSO-DSO; 

¶ Blockchain-operated; 

¶ Operated by a third-party; 

¶ Grid Platform: 

¶ TSO-DSO physical interface (control system); 

¶ TSO grid; 

¶ Data Exchange Platform: 

¶ Jointly operated by TSO-DSO; 

¶ Operated by a DSO; 

¶ Operated by a TSO; 

¶ Operated by a third-party. 

The platforms reviewed in this document are listed in Table 5.1, where they are grouped according to the 

categories proposed by ENTSO-E and mapped to the different stages of the Flexibility VC they might 

potentially support. Grid platforms (i.e., TSO-DSO physical interface and TSO grid platforms) are not included 

in this review, as they are not considered to be within the scope of the current work. 
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Table 5.1 - Reviewed platforms and their mapping along the flexibility-centric VC 

Platforms 
Flexibility 

Capacitation 
Integration/ 
Enablement 

Aggregation 
Negotiation 
Preparation 

Market 
Operation 

Activation 
& 

Settlement 

A
g

g
re

g
a

to
r 

P
la

tf
o

rm
s Tiko X X X    

Solmatch X X     

F
le

xi
b

ili
ty

 M
a

rk
e

t 
P

la
tf

o
rm

s 

Piclo Flex    X --1 --1 

Flexible  
Power 

     X1 --1,2 X 

Enedis 
platform 

     X --1 --1 

OMIE 
platform  

   X X --1 

NODES    X X --1 

N-SIDE    X X --1 

D
a

ta
 E

xc
h

a
n

g
e
 

P
la

tf
o

rm
s SIORD      X 

Atrias     X  

GDBN X X X   X 

1 ς VC stage only partially supported by the platform 
2 ς Support by Piclo Flex 

For each one of those categories, a templated table is used to summarize the main characteristics of each 

platform. The template used for Aggregator Platforms is given in Table 5.2, in Table 5.3 for Flexibility Market 

Platforms and in Table 5.4 for Data Exchange Platforms. 
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Table 5.2 - Table template to characterise Aggregator platforms 

Characteristics Summary 

Platform type ¶ (type of platform, according to the ENTSO-E proposal) 

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

Sellers ¶ (actors selling flexibility) 

Buyers ¶ (actors buying flexibility) 

Services ¶ (list of services supported by the platform) 

Resources/Assets ¶ (resources being aggregated to provide flexibility) 

Pre-qualification ¶ (information regarding pre-qualification tests the assets must endure) 

Bidding period ¶ (periods available for flexibility suppliers to make offers) 

Negotiation & Market 
Operation 

¶ (information on how flexibility is negotiated) 

Activation & Settlement ¶ (information on how flexibility is delivered, and transactions are settled) 

Proof of delivery ¶ (how the provision of flexibility is verified, i.e., baseline) 

Remuneration ¶ (how flexibility providers are remunerated) 

 

Table 5.3 - Table template to characterise flexibility market platforms 

Characteristics Summary 

Platform type ¶ (type of platform, according to the ENTSO-E proposal) 

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

Market structure ¶ (attributes of the flexibility market, e.g., one-sided market, two-sided market) 

Trading type ¶ (how is processed trading within the flexibility market, e.g., auction based, continuous market) 

Price computation ¶ (methodology employed to define prices, e.g., pay-as-bid, pay-as-clear) 

Market type ¶ (market category, e.g., energy and/or reserve/capacity) 

Buyer ¶ (actors buying flexibility) 

Sellers ¶ (actors selling flexibility) 

Products/Services ¶ (list of services supported by the platform) 

Resources/Assets ¶ (resources being used to provide flexibility) 

Pre-qualification ¶ (information regarding pre-qualification tests the assets must endure) 

Aggregation ¶ όƛŦ ŀƴŘ Ƙƻǿ ŀǎǎŜǘǎΩ ŦƭŜȄƛōƛƭƛǘȅ ƛǎ ŀƎƎǊŜƎŀǘŜŘύ 

Bidding period ¶ (periods available for flexibility suppliers to make offers) 

Negotiation & Market 
Operation 

¶ (information on how flexibility is negotiated) 

Activation & Settlement ¶ (information on how flexibility is delivered, and transactions are settled) 

Proof of delivery ¶ (how the provision of flexibility is verified, i.e., baseline) 

Remuneration ¶ (how flexibility providers are remunerated) 

TSO-DSO coordination ¶ (Description of TSO-DSO coordination mechanisms, when applicable) 
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Integration with other 
markets or platforms 

¶ (Interactions with pre-existing or new markets or platforms) 

 

Table 5.4 - Table template to characterise data exchange platforms 

Characteristics Summary 

Type ¶ (type of platform, according to the ENTSO-E proposal) 

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

Operator/Ownership ¶ (entity owning or operating the platform, e.g., DSO) 

Objective ¶ (main goal for operating the platform) 

Data to be exchanged ¶ (information exchanged) 

Data supplier ¶ (actors who provide data) 

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

Assets ¶ (assets used to exchange data and assets whose date is being exchanged) 

Other features ¶ (other important features not included in the previous items) 

 

5.1.1. Tiko 

Tiko is an Aggregator platform launched in Switzerland in 2014. It was developed with the goal of controlling 

and aggregating behind-the-meter assets, such as electric heating devices (heat pumps and boilers), EV 

chargers, and PV systems [141], as depicted in Figure 5.2. This way, Consumers benefit from having a higher 

level of control over their devices, thus optimizing self-consumption from PV panels, reducing peak 

consumption, increasing their comfort, and reducing energy bills [142]. Apart from these benefits obtained 

via implicit flexibility, Consumers who join Tiko can also enter a VPP and receive additional revenues by 

providing frequency regulation or by participating in intra-day and day-ahead markets [143]. Still, a full 

description of how that process is implemented was not obtained in the revised literature. 

 

Figure 5.2 - Overview of the Tiko platform [142] 

According to the most recent information found, Tiko is present in four other European countries, namely 

Austria, Belgium, France and Germany [137]. 

In the case of Switzerland, Tiko uses ConsumerǎΩ ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ōŀƭŀƴŎƛƴƎ ǎŜǊǾƛŎŜǎ ŦƻǊ ǘƘŜ ƭƻŎŀƭ ¢{hΦ The 

settlement for trades is first done on the TSO balancing market between the Aggregator and the TSO, and 
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then ƻƴ ¢ƛƪƻΩǎ ǇƭŀǘŦƻǊƳ ōŜǘǿŜŜƴ ǘƘŜ Aggregator and the Consumers providing flexibility. The TSO 

continuously acquires flexibility for the following week [141]. 

Regarding the hardware and software at ConsumerǎΩ ǎƛŘŜΣ ǘƘŜ Tiko's system is composed by four main parts 

(Figure 5.3). It includes actors and sensors, the gateway, Frontend and Backend, in addition to several other 

services [141], which are as follows: 

¶ Actors and sensors ς The K-Box is an essential device for controlling and measuring consumption from 

appliances such as heat pumps, air conditioning and EV charging stations. Measured data is redirected 

to the Backend to determine the state of the device and the control decision variables [141], [144]. The 

K-Box is equipped with relays used to control the devices in an on/off manner and shift electric 

consumption [145]. Consumers can also have sensors installed in their homes, such as temperature and 

humidity sensors [146] 

¶ Gateway ς The K-Box is connected to the M-box, to where it sends data though power line 

communication. The M-Box is an intermediate device that provides the Backend with data from the K-

Box [141], [147]. 

¶ Backend ς The main functionality of Backend is the algorithm that determines control actions for the 

connected devices. Control decisions are done by examining multiple parameters. Consumer comfort is 

guaranteed not to go beyond a specific limit [141]. 

¶ Frontend ς The Frontend offers several functionalities to the Consumers. For instance, they can visualize 

their historical consumption patterns via a web or smartphone application, or they can activate the Eco-

mode to reduce energy consumption. Consumers can also be alarmed when unusual energy 

consumption patterns are detected. Additionally, one Consumer can benchmark its energy consumption 

against other participants in the Tiko system [141]. 

¶ Other systems ς Includes support service connected to the platform, such as rollout and installation 

planning tools, Consumer support portals, ERP systems, energy scheduling, capacity planning, and 

operation cockpits for primary and secondary control [141], [145]. 

 

Figure 5.3 - Overview of the Tiko system [145] 
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The website and mobile app provided by Tiko to the Consumers are not thoroughly described in the revised 

documentation, with only a few details made available (Figure 5.4). Still, it is possible to verify that they allow 

each Consumer to check the monetary savings achieved since they joined the platform, see, in real time, the 

energy being consumed from the grid or from their PV panels, the energy being transferred from/to the BESS 

and the energy being used for different purposes and by different devices (e.g., boilers, heaters, smart 

ǇƭǳƎǎΧύ. If temperature sensors are installed, information on room temperature is also presented. Other 

additional features, such as Eco Mode (to further increase energy saving) and changing heating modes are 

also available on the website and app [148], [149]. 

 

 

Figure 5.4 ς Tiko website and mobile app [142] 

The main value propositions offered by Tiko are an energy consumption analysis and a comparison with other 

users, energy savings, comfort, remote control and enhanced security related to abnormal consumption 

patterns and ensured by the alarming system, which, for instance, can help to detect device failure [145], 

[150].  Moreover, Tiko cooperates with utilities and vendors of heating devices. In doing so they strength the 

relation with customers, potentially increasing customer retention [145]. Additionally, utilities can benefit 

from the data provided by Tiko. Having close-to-real time consumption data allows Tiko to make a better 

identification and categorization of Consumers, improve forecasts and schedules. The collected consumption 

data enables analysis of the operation of many devices spread out all over the country in detail [145]. 

The main characteristics of Tiko are presented in Table 5.5. 
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Table 5.5 - Main characteristics of the Tiko Platform 

Characteristics Summary 

Platform type ¶ Aggregator Platform  [137] 

Location ¶ Switzerland, Austria, Belgium, France, Germany [137] 

Sellers 
¶ Aggregated domestic consumers and small/medium enterprises provide flexibility to Tiko [150] 

¶ Tiko provides flexibility to TSOs 

Buyers 
¶ TSOs (ancillary services market) [137] 

¶ DSOs [151] 

Services 
¶ Peak clipping [152] 

¶ Primary, secondary, and tertiary control (in Switzerland) [145] 

Resources/Assets 

¶ Electric loads (which Ŏŀƴ ōŜ ŘŜƭŀȅŜŘ ǿƛǘƘƻǳǘ ƛƳǇŀŎǘ ƻƴ /ƻƴǎǳƳŜǊǎΩ ŎƻƳŦƻǊǘ [150]) 

¶ Heat pumps, electric heaters, night storage heaters, water boilers, air conditioning, EV charging 
stations [141], [150] 

¶ Sensors and actuators are used to control assets [141], [150] 

¶ Backend algorithms determine control actions for the connected devices [141] 

Pre-qualification 
¶ Resources wanting to join the ancillary services market must pass pre-qualification tests defined 

by the TSO [145] 

Bidding period ¶ TSO continuously buys flexibility for the following week [141] 

Negotiation & Market 
Operation 

¶ ¢{hΩǎ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎ ƳŀǊƪŜǘ όƻǳǘǎƛŘŜ ¢ƛƪƻΩǎ ǇƭŀǘŦƻǊƳύ 

Activation & Settlement 
¶ First, settlement between TSO and Aggregator is done on the TSO balancing market [141] 

¶ bŜȄǘΣ ǎŜǘǘƭŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ !ƎƎǊŜƎŀǘƻǊ ŀƴŘ /ƻƴǎǳƳŜǊǎ ƛǎ ŘƻƴŜ ƻƴ ¢ƛƪƻΩǎ ǇƭŀǘŦƻǊƳ [141] 

Proof of delivery ¶ Baseline is established using data from Smart Meters 

Remuneration 

¶ Payment from the TSO to the Aggregator [137] 

¶ Payment from the Aggregator to Consumers [137] 

¶ Pricing is based on market rules of TSO balancing services [137] 

 

5.1.2. Solmatch 

Solmatch is an initiative which began in 2020 and is promoted by a Spanish Retailer. Its purpose is to stimulate 

and facilitate the production and trade of solar power between Consumers in low voltage levels in urban 

areas. Here, a Consumer with a PV installation acts as άrooferέ, supplying energy to other Consumers, who 

are called άmatchers άand must be within a 500-meter radius of a roofer. The PV panels are provided to the 

roofer via a Solar Power as a Service BM, meaning it is the Retailer who owns, installs and maintains the PV 

systems [137]. 

The main functionalities of Solmatch include feasibility studies, design, installation and maintenance of the 

PV plants and managing electricity supplied to households (solar power or grid power, depending on the 

availability) [137]. 

The platform settles transactions based on the agreed tariffs between the Retailer and roofers/matchers. 

The primary income for this Retailer comes from monthly fees paid by matchers and the margins obtained 

from the energy tariffs agreed with roofers and matchers. Roofers and matchers have a defined energy tariff 
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contract with the Retailer. They agree on two different prices based on the source of the energy consumed: 

solar or from the grid [137]. 

Before signing up for this service, the platform helps Consumers to understand the benefits of being part of 

Solmatch and the different geo-localised communities they can join. Once members of a solar community, 

information on the best use of the service and environmental impact is provided through the web application 

to encourage responsible behaviour as part of the energy transition training [153], [154]. 

On a more technical side, Solmatch is described as providing a technological ecosystem that incorporates 

multi-cloud integration, geo-positioning, ŀƴŘ Řŀǘŀ ŀƴŀƭȅǘƛŎǎ ŦƻǊ ǘƘŜ ŜȄǇƭƻƛǘŀǘƛƻƴ ƻŦ /ƻƴǎǳƳŜǊǎΩ ƛƴǘŜƭƭƛƎŜƴŎŜΣ 

all with end-to-end integration between the stack of applications and services of the cloud ecosystem, and 

the different back-ends such as SAP [153]. 

The most relevant characteristics of Solmatch are presented in Table 5.6. 

Table 5.6 - Main characteristics of the Solmatch Platform 

Characteristics Summary 

Platform type ¶ Aggregator Platform [137] 

Location ¶ Spain [137] 

Sellers ¶ Consumers (roofers) [35] 

Buyers 
¶ Consumer (matchers) [35] 

¶ Retailer [137] 

Services 

¶ Settle transactions between the Retailer and roofers/matchers [137] 

¶ Help Consumers to understand the benefits of being part of Solmatch and choose a community 
to join [137] 

¶ Informe members on the best use of the service and on environmental impact to encourage new 
behaviours [137] 

Resources/Assets ¶ PV panels [137] όǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǊŜǘŀƛƭŜǊ ǳǎƛƴƎ ŀƴ άŀǎ ŀ {ŜǊǾƛŎŜέ .aύ 

Pre-qualification ¶ N/A (Consumers are not providing flexibility) 

Bidding period ¶ N/A (Consumers are not providing flexibility) 

Negotiation & Market 
Operation 

¶ N/A (Consumers are not providing flexibility) 

Activation & Settlement ¶ N/A (Consumers are not providing flexibility) 

Proof of delivery ¶ N/A (Consumers are not providing flexibility) 

Remuneration 

¶ wŜǘŀƛƭŜǊΩǎ ƛƴŎƻƳŜ ŎƻƳŜǎ ŦǊƻƳ ƳƻƴǘƘƭȅ ŦŜŜǎ ǇŀƛŘ ōȅ /ƻƴǎǳƳŜǊǎ ŀƴŘ ǘƘŜ ƳŀǊƎƛƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ 
the energy tariffs agreed with roofers and matchers [137] 

¶ Roofers and matchers have unique contracts, agreeing on different prices for solar energy and 
energy from the grid [137] 

 

5.1.3. Piclo Flex 

Piclo, a software development company, created the Piclo Flex platform. It is defined as an independent end-

to-end marketplace that assists the procurement, operation and dispatch of short and long-term flexibility 

[155]. It can support grid operators in obtaining flexibility and use it to solve local grid issues [156], enabling 

a more efficient usage of the existing infrastructure and reducing the need for reinforcements [137]. So far, 
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it is available in five European countries, including the UK, Ireland, Portugal, Italy, and Lithuania, and also in 

the USA [155]. 

In short, Piclo Flex enables flexibility to be traded by offering grid operators a modularised service, which 

includes procurement with in-house transaction clearing, auction facilitation, flexibility requirement visibility, 

advertisement, asset/company pre-qualification and credential certification [138]. The platform is used to 

issue flexibility needs based on the demand location so that the DSO can see qualifying assets inside each 

zone. The resulting map of competitors enables the DSO to source flexibility with regard to specific locational, 

technical, and temporal requirements [137]. 

To use the Piclo Flex platform, an FSP company must start by completing a set of steps, described next. First, 

the FSPs will have to create a new account on the Piclo website. Here, they will have to provide several 

details, including [157]:  

¶ Registered or legal name 

¶ Registered number (Companies House number or registered charity number) 

¶ Organisation website 

¶ Organisation email (Use a shared email address e.g., 'flex@company.com') 

¶ Country of registration 

Then, the FSPs can login and start the qualification process, which consists of several step, including [158]: 

¶ Company qualification 

¶ Asset qualification 

¶ Competition qualification 

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

DSOs might require FSPs to complete a dynamic procurement system application on Piclo Flex, a process also 

known as company qualification, where Piclo helps DSOs to pre-qualify FSPs before a competition/tender 

(i.e., flexibility market) opens.  To complete company qualification, an FSP will be required to provide several 

details and supporting documentation. This process is split in 4 sections [158]: 

¶ Organisation profile ς The FSP has to provide company registration details such as registration number, 

VAT number and legal relationship with the assets. 

¶ Organisation status ς The FSP must answer questions related to its historic and current financial status. 

¶ Auditing, insurance and legal ς The FSP submits a copy of audited financial accounts covering at least the 

past 2 years, as well as multiple insurance documents. 

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

With this information, the DSO reviews the application and decides whether to approve or reject the 

application, informing the FSPs on the decision [158]. 

To qualify assets, the FSPs must upload their characteristics into the platform. That is done using a 

spreadsheet whose template can be found online (only available to those who register into Piclo Flex). This 

procedure, which is described next, is full detailed in [159]. When inputting a new asset into this template, 
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ŦƛǊǎǘ ǘƘŜ C{t Ƴǳǎǘ ŘŜŦƛƴŜǎ ƛǘǎ ά!ǎǎŜǘ ǎǘŀǘǳǎέ ƻƴ ǎƘŜŜǘ ƴǳƳōŜǊ мΣ ǿƘƛŎƘ ƛƴŦƭǳŜƴŎŜǎ Ƙƻǿ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ 

spreadsheet is filled. Essentially, there are 5 statuses [159]: 

¶ Planned assets ς Assets that are either speculative or not yet formalized. 

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

¶ Operational ς Assets ready to provide flexibility. 

¶ Mothballed ς Assets no longer providing flexibility, but that can be brought back online. 

¶ Archived ς Assets which are no longer needed can be removed or have their status changed to archived. 

While άin developmentέ and άoperationalέ assets exist or have a clear development plan,έ planned assetsέ 

only exist theoretically or are speculative based on commercial development. Moreover, άplanned assetsέ 

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

one or several operational assets, and their existence might depend on the results of procurement [160]. 

That is, a άplanned assetέ can be directly archived if no contracts are won, meaning it will not even proceed 

to the άin developmentέ stage [161]. The progress between asset statuses is pictured in Figure 5.5.   

 

Figure 5.5 ς Progress between asset statuses according to Piclo (based on [160], [161] 

If the assets being added are άƻǇŜǊŀǘƛƻƴŀƭέ, άin developmentέ or άmothballedέ, the FSP can move to sheet 

ƴǳƳōŜǊ нΣ ŎŀƭƭŜŘ άOperational and Developing Assetsέ. In this sheet there are multiple data points to be filled 

out for each asset by the FSP. They are divided in 6 sections [159], and listed in Table 5.7. 

Table 5.7 ς Fields required to upload aƴ άƻǇŜǊŀǘƛƻƴŀƭέΣ άƛƴ ŘŜǾŜƭƻǇƳŜƴǘέ ƻǊ άƳƻǘƘōŀƭƭŜŘέ ŀǎǎŜǘ into Piclo Flex  [159] 

Section Field Description 

Basic 
Details 

Asset Ref The reference you provide to uniquely identify the asset in the system. 

Asset Name A human readable name used to identify the asset in the system. 

Asset Status  

Describes the status of the asset to let you promote future assets as well as assets 

available now 

άƛƴ ŘŜǾŜƭƻǇƳŜƴǘέ άƻǇŜǊŀǘƛƻƴŀƭέ άƳƻǘƘōŀƭƭŜŘϦ 

Asset Category 

The general categorisation of the flex asset 

άǎǘƻǊŀƎŜέ άŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅέ άŘŜƳŀƴŘ ǎƛŘŜ ǊŜǎǇƻƴǎŜέ άƛƴǘŜǊŎƻƴƴŜŎǘƻǊǎέ άƭƻǿ ŎŀǊōƻƴέ 

άǊŜƴŜǿŀōƭŜέ άǘƘŜǊƳŀƭέ 

Asset Type 

Describes the specific technology type of the flex asset. 

"battery" "fuel cells" "liquid air" "compressed air" "pumped hydro" "vehicle to grid" 

"energy efficiency" "vehicle charging" "residential" "commercial" "industrial" 

"interconnector" "nuclear" "gas carbon capture and storage ccs" "biomass" "biomass 

chp" "hydro" "tidal" "wave" "offshore wind" "onshore wind" "advanced conversion 

technology act" "advanced conversion technology act chp" "anaerobic digestion" 

"anaerobic digestion chp" "biogas chp" "biofuel" "geothermal chp" "landfill gas" 

"sewage" "sewage chp" "solar pv" "waste" "waste chp" "combined cycle gas turbine 
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ccgt" "gas chp" "gas reciprocating engines" "open cycle gas turbine ocgt" "coal chp" 

"diesel reciprocating engines" "fuel oil" "coal" "gas" "diesel" "gas oil" 

Voltage Level 
Voltage level at the point of connection to the network. 

"0.24" "0.40" "6.60" "11.00" "22.00" "33.00" "66.00" "132.00"Χ 

Country Code Used to provide the approximate location 

Flexibility 
Details 

active export capacity 

The flexible power capacity, in MW, that an asset can export to the network (+MW), 

either by discharging a storage asset, turning up export of a generation asset, or turning 

down the overall energy consumption of DSR asset. 

active import capacity 

The flexible power capacity, in MW, that an asset can import from the network (-MW), 

either by charging a storage asset, turning down export of a generation asset, or turning 

up the overall energy consumption of DSR asset. 

reactive export capacity The capacity, in MVAr, that an asset has to generate reactive power. 

reactive import capacity The capacity, in MVAr, that an asset has to absorb reactive power. 

Meter 
Details 

Point of Metering 
Describes where the asset is metered. 

"terminals" means behind the meter and "boundary" means at the network connection 

Meter Interval The most granular metering frequency available. 

Metet ID Export 
The unique identification of the export meter associated with this asset (e.g., MPAN). 

Leave blank if asset still in development. 

Metet ID Import 
The unique identification of the import meter associated with this asset (e.g., MPAN). 

Leave blank if asset still in development. 

Supplier Name of the energy supplier for this asset. 

Technical 
Details 

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

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

Maximum Run Time 
Maximum length of time that the asset can sustain capacity. 

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

Minimum Run Time 
Minium length of time required to dispatch asset. 

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

Recovery Time 

The time required by the asset to recover from one instruction until the next instruction 

can be actioned (assuming full utilisation). 

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

Location 
Details 

Address 
Useful for helping the System Operator locate the asset. However, it is not required if a 

Meter ID is provided. 

Latitude If provided, used to accurately locate the asset. 

Longitude If provided, used to accurately locate the asset. 

 

Otherwise, if the FSP wants to insert a άplanned assetέ ǘƘŜȅ ƳƻǾŜ ǘƻ ǎƘŜŜǘ ƴǳƳōŜǊ оΣ ŎŀƭƭŜŘ άtƭŀƴƴŜŘ !ǎǎŜǘǎέΦ 

Because άplanned assetsέ are managed differently within Piclo Flex, the process to add them is also different. 

While άoperationalέ and άin developmentέ assets are added to the platform permanently, a άplanned assetέ 

can only be added when there is an active market on Piclo Flex and an FSP wants to add prospective assets 

into a live competition zone. ! άǇlanned assetέ must always be related to a live competition and, 
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consequently, an FSP cannot add a άplanned assetέ which is not associated to a specific competition. Once a 

competition is removed from Piclo Flex, each άplanned assetέ associated with it will no longer be visible on 

the map, however the FSP who created them can still see them in their existing asset download [162]. 

If a άplanned assetέ wins a flexibility contract it must be added to the άoperationalέ and άin developmentέ 

assets tab. It will be added as άin developmentέ until the asset is άoperationalέ, when the status should be 

updated once more [162]. Still, in the reviewed documentation about Piclo Flex it is not clear what happens 

if a άplanned assetέ wins a flexibility contract, but then its status never reaches άoperationalέ. To upload a 

άplanned assetέ, not as many data points are required ŀǎ ǘƻ ǳǇƭƻŀŘ ŀƴ άƻǇŜǊŀǘƛƻƴŀƭέΣ άƛƴ ŘŜǾŜƭƻǇƳŜƴǘέ ƻǊ 

άƳƻǘƘōŀƭƭŜŘέ ŀǎǎŜǘ [159], as seen in Table 5.8. 

Table 5.8 ς CƛŜƭŘǎ ǊŜǉǳƛǊŜŘ ǘƻ ǳǇƭƻŀŘ ŀ άǇƭŀƴƴŜŘ ŀǎǎŜǘέ ƛƴǘƻ tƛŎƭƻ CƭŜȄ  [159] 

Section Field Description 

Target 
Competition 

Target Competition Reference of the competition for which the FSP would like to qualify this asset 

System Operator Name Name of the local System Operator 

Basic 
Details 

Asset Ref  A unique reference for this asset which will be used by the system 

Asset Name A human readable name used to identify the asset in the system. 

Estimated Asset Count 9ǎǘƛƳŀǘŜŘ ƴǳƳōŜǊ ƻŦ ŀǎǎŜǘǎ ŦƻǊ ǘƘƛǎ άǇƭŀƴƴŜŘ ŀǎǎŜǘέΦ 

Asset Statues LƴǇǳǘ ŦǳǘǳǊŜ ŀǎǎŜǘǎ ŀǎ άǇƭŀƴƴŜŘ ŀǎǎŜǘέ ƻǊ ŀǎ άŀǊŎƘƛǾŜŘέ ǘƻ remove it from the system 

Asset Category 

The general categorisation of the flex asset 

άǎǘƻǊŀƎŜέ άŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅέ άŘŜƳŀƴŘ ǎƛŘŜ ǊŜǎǇƻƴǎŜέ άƛƴǘŜǊŎƻƴƴŜŎǘƻǊǎέ άƭƻǿ 

ŎŀǊōƻƴέ άǊŜƴŜǿŀōƭŜέ άǘƘŜǊƳŀƭέ 

Asset Type 

Describes the specific technology type of the flex asset. 

"battery" "fuel cells" "liquid air" "compressed air" "pumped hydro" "vehicle to grid" 

"energy efficiency" "vehicle charging" "residential" "commercial" "industrial" 

"interconnector" "nuclear" "gas carbon capture and storage ccs" "biomass" 

"biomass chp" "hydro" "tidal" "wave" "offshore wind" "onshore wind" "advanced 

conversion technology act" "advanced conversion technology act chp" "anaerobic 

digestion" "anaerobic digestion chp" "biogas chp" "biofuel" "geothermal chp" 

"landfill gas" "sewage" "sewage chp" "solar pv" "waste" "waste chp" "combined 

cycle gas turbine ccgt" "gas chp" "gas reciprocating engines" "open cycle gas turbine 

ocgt" "coal chp" "diesel reciprocating engines" "fuel oil" "coal" "gas" "diesel" "gas 

oil" 

Voltage Level 
Voltage level at the point of connection to the network. 

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

Flexibility 
Details 

Flexibility Capacity Type 

The Planned Asset's capacity type. 

"active_import_capacity" "active_export_capacity" "reactive_import_capacity" 

"reactive_export_capacity" 

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

Technical 
Details 

Maximum Aggregate 
Technical Response Time 

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

message. 

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



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

99 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

Maximum Aggregate Run 
Time 

Maximum length of time that any of the planned DERs can sustain flexibility capacity. 

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

Minimum Aggregate Run 
Time 

Minimum length of time that any of the planned DERs can sustain flexibility capacity. 

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

HH:mm:ss 

Maximum Aggregate 
Recovery Time 

The maximum time required by any of the DERs to recover from one instruction until 

the next instruction can be actioned (assuming full utilisation). If over 24 hours, 

prepend the duration with the number of days. Format: DD HH:mm:ss 

 

Besides using the described spreadsheets to upload assets, it is also possible to do this via APIs, which are 

described in 5.1.3.1. But it should be noted that, at this point, it is not clear which of the DSOs using Piclo Flex 

are already using these APIs, or which ones are still using spreadsheets. 

Once the spreadsheets are completed, the FSPs upload them to the platform. Then, successfully created 

assets shall automatically appear in the dashboard, but they do not show as qualified until there is a live 

competition that those assets fall into. After the assets have been successfully uploaded, the FSP can view 

them on the dashboard map (Figure 5.6). The blue dot (above the green area) represents an asset which does 

not qualify for a live competition at that moment. Meanwhile the blue pin (inside the green area) represents 

an asset that is qualified for a live competition (i.e., allowed to participated in a flexibility market) [159]. 

To decide if an asset is qualified or not, there is an automatic qualification process completed by the platform 

based on the following criteria [159]: 

¶ Geographic location: checks if the asset is within the boundaries of the competition. 

¶ Voltage level: checks if the asset is connected to compatible voltage levels. 

¶ Capacity: checks if the asset Ƙŀǎ ŎƻƳǇŀǘƛōƭŜ ŎŀǇŀŎƛǘȅ ŦƻǊ ǘƘŜ ƴŜŜŘ όŜΦƎΦΣ ά!ŎǘƛǾŜ ŜȄǇƻǊǘέ ƻǊ άwŜŀŎǘƛǾŜ 

LƳǇƻǊǘέύ. 

¶ Date: checks if the asset is being uploaded before the qualification process deadline. 

¶ Company qualification: checks if the FSP has been approved on the company qualification process. 
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Figure 5.6 ς View of qualifying and non-qualifying assets in a Piclo Flex competition [159] 

By selecting a non-qualifying asset it is possible to see the reason why that asset is not qualified (e.g., the 

asset is too far away from any competition, or its voltage level is incompatible with any of the live 

competitions) [159]. 

A pre-qualification questionnaire (PQQ) is also mentioned in Piclo website, and its goal is to provide 

additional information about qualifying assets to the DSOs. Each DSO has its own QPP, thus the structure of 

this questionnaire is not standard and not described by Piclo. Still, it is possible to find an example of a PQQ 

in [163], which is the used by a British DSO (UKPN). Some of the information required on this PQQ includes: 

¶ Company details 

¶ Flexible asset details 

¶ Aggregated: Y/N 

¶ Type of connection: demand, generation, demand, and generation, mixed 

¶ Technology type (see Table 5.7) 

¶ Baseline methodology: recent history baseline, last observation baseline, other (chosen and described 

by the FSP) 

¶ Dispatch communication methodology: API, email 

Further information about this exact PQQ is available in [164].  

FSPs who completed the previous steps, i.e., company qualification and assets qualification, move on to the 

last qualification step, which is competition qualification. This stage is meant to ensure that the FSP intentions 
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are known by the DSO. Hence, in this last step, all FSPs with assets which have been qualified must confirm 

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

eligible to place bids. By confirming their entry into a competition, the FSPs are sending a signal to the DSO 

that they intend to bid. There are 4 statuses possible within competition qualification [165]: 

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

¶     Withdraw: an FSP is withdrawing from a competition. 

¶     Unknown: this is the default status if neither of the above options are chosen. 

¶     Ineligible: this is the state when the asset data is not complete, or the assets do not meet the required 

aggregate capacity. 

The dashboard of Piclo Flex where competition statues are displayed is shown in Figure 5.7. 

 

Figure 5.7 ς Piclo Flex dashboard displaying competition entries statuses [165] 

FSPs must confirm entry to, or withdraw from, a competition before the corresponding competition 

qualification ends. Besides, if they do not confirm entry to, or withdraw from, a competition, they will not be 

able to continue with the competition process. Once qualification is completed, FSPs who were accepted and 

had assets qualified can bid into the competitions they were qualified to [165]. This process is described next. 

The data requested when submitting a bid includes [166]: 

¶ Capacity (MW): Confirm the amount of MW the bid is for. This value cannot be above the lowest of either 

the qualified capacity value or the amount needed by the buyer. 

¶ Maximum Runtime (D HH:MM:SS): Confirm the time that the submitted capacity can run for. This can be 

any value according to the technical capability of the asset(s) making up the bid. 

¶ Availability (£/MW/h): A price for being available during the service window hours or pre-determined if 

price is fixed by DSOs. Dependent on type of competition. 
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¶ Utilisation (£/MWh): A price for dispatching the capacity on receiving a dispatch notification or pre-

determined if price is fixed by DSOs. Dependent on type of competition. 

¶ Service (£/MW): A single, flat fee for providing the capacity submitted across the whole service window, 

or pre-determined if price is fixed by DSOs. Dependent on type of competition. 

On a side note, all the competitions currently live on Piclo Flex are pay as bid. Moreover, bidding can be done 

via file or via APIs (still in development, according to the most recent information) [166]. 

Piclo offers DSOs ǘƘŜ ǘƻƻƭǎ ǘƻ ǎƘƻǿ ǎǳƎƎŜǎǘŜŘ ǇǊƛŎƛƴƎ ƻǊ ΨǇǊƛŎƛƴƎ ǎƛƎƴŀƭǎΩ ŦƻǊ ŜŀŎƘ ŎƻƳǇŜǘƛǘƛƻƴ to help FSPs on 

their pricing strategies. According to the strategies used by DSOs, there are different pricing signal data 

options [167]: 

¶ Maximum and minimum budget (£) - these ranges are assigned per competition per year. 

¶ Availability guide pricing (£/MW/h or £/MVAr/h) - used as a guide to help FSPs price availability bids. 

¶ Utilisation guide price (£/MW/h or £/MVAr/h) - used as a guide to help FSPs price utilisation bids. 

¶ Service fee (£/MW/h or £/MVAr/h) - ŀƴƴǳŀƭ ŦŜŜ ǇŀƛŘ ŦƻǊ ŎŀǇŀŎƛǘȅ ŀǎ ǇŜǊ ǘƘŜ 5{hΩǎ ǇŀȅƳŜƴǘ ǎǘǊǳŎǘǳǊŜ. 

If pricing signals are provided by a DSO they can be seen on the map [167], as seen in Figure 5.8. 

 

Figure 5.8 ς Piclo Flex dashboard highlighting pricing signals of a competition [167] 

Once the DSO has confirmed all bid results of a certain competition, Piclo Flex notifies all the participating 

FSPs. This message includes prompts to view the results (i.e., which bids were accepted and rejected). From 

this point onwards all the accepted bids are deemed as contractual obligations [168]. 

Regarding prices, in [169], [170] it is succinctly described how a DSO using Piclo Flex calculates a celling price 

for flexibility using a methodology and tool designed by Energy Networks Association (ENA). This ceiling price 

indicates the optimal deferral value where flexibility services are cheaper than traditional grid reinforcement 

and relies on many inputs including Customer Interruptions (CI), Customer Minutes Lost (CML), Weighted 

Average Cost of Capital (WACC), discount rates, losses value, carbon prices, cost per injury/fatality and 

inflation rates [171]. This ENA methodology, named ENA ONP CEM, is thoroughly described in [172], while 

the tool, implemented using a spreadsheet, is available in [173] and explained in [174].  Moreover, in [169], 
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[170] it is summarized a methodology to guide FSPs on how to calculate their utilisation and availability bids 

based on the defined celling price. However, bidding bellow the celling price does not necessarily guarantee 

ǘƘŀǘ ǘƘŜ ǎǳōƳƛǎǎƛƻƴ ǿƛƭƭ ōŜ ŀŎŎŜǇǘŜŘ ŀƴŘΣ ŎƻƴǾŜǊǎŜƭȅΣ ōƛŘŘƛƴƎ ŀōƻǾŜ ǘƘŜ ŎŜƛƭƛƴƎ ǇǊƛŎŜ ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŜ 

submission will be rejected, it just has a decreased likelihood of being accepted. 

This completes the description on how FSPs can qualify and submit bids. Nonetheless, it is still important to 

describe how competitions work and how flexibility is required or defined. 

Essentially, Piclo Flex supports 4 flexibility products [175]: 

¶ Sustain - The DSO procures, ahead of time, a pre-agreed change in input or output over a defined period 

to prevent the network from going past its capacity. 

¶ Secure - The DSO procures, ahead of time, the ability to access a pre-agreed change in FSP input or output 

based on network conditions close to real-time. 

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

issue. 

¶ Restore - Following a loss of supply, the DSO instructs a FSP to either remain off supply, to reconnect 

with lower demand, or to reconnect and supply generation to support increased and faster load 

restoration under depleted network conditions. 

The definition of these products changes among DSOs [167], as further clarified in Section 5.2, where 

flexibility products are reviewed. 

When a DSO is creating a competition in this platform it must input the following information [176]:  

¶ Power Type: 

¶ Active Power 

¶ Reactive Power 

¶ Need Type: 

¶ Post Fault 

¶ Pre-Fault 

¶ Reinforcement Deferral 

¶ Compliance 

¶ Other 

¶ Need Direction: 

¶ Deficit (Active Power) 

¶ Excess (Active Power) 

¶ Import (Reactive Power) 

¶ Export (Reactive Power) 

¶ Product Type: 
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¶ Sustain 

¶ Secure 

¶ Dynamic 

¶ Restore 

¶ Connection kV: 

¶ 0.24, 0.4, 6.6, 11, 22, 33, 66, 132 

¶ Competition Type: 

¶ Availability & Utilisation 

¶ Utilisation 

¶ Service Fee 

¶ Capacity 

¶ Fixed Price Competition: 

¶ True 

¶ False 

¶ Public Holiday Handling: 

¶ Include 

¶ Exclude 

¶ Boundaries: Bounding area of the competition 

¶ Service windows: Allows the DSO to populate details of the flexibility service associated with the 

ŎƻƳǇŜǘƛǘƛƻƴΦ {ŜǊǾƛŎŜ ǿƛƴŘƻǿǎ ŀǊŜ ǎŜǘ ǿƛǘƘƛƴ ǎŜǊǾƛŎŜ ǇŜǊƛƻŘǎ ŦƻǊ ŜȄŀƳǇƭŜ ŀ ǎŜǊǾƛŎŜ ǇŜǊƛƻŘ ŎŀƭƭŜŘ Ψ{ǳƳƳŜǊ 

нлнпΩ όŦǊƻƳ мǎǘ !ǇǊƛƭ нлнп ǳƴǘƛƭ олǘƘ {ŜǇǘŜƳōŜǊ нлнпύ Ŏŀƴ ƘŀǾŜ ŀ ǿŜŜƪŘay morning window of 9:00 ς 

11:00 Monday - Friday and a weekday evening window 18:00 ς 22:00. There is no limit to the number of 

service periods or service windows a competition can have. 

Regarding the platform interface, the manner through which competitions are listed and presented in Piclo 

Flex is shown in Figure 5.9. 
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Figure 5.9 ς Piclo Flex showing a list of competitions available in the UK [177] 

After selecting one of those competitions, additional information is shown, as seen in  Figure 5.10. For each 

competition, the following details are listed [176]: 

¶ Competition reference 

¶ Status (e.g., add assets, submit a bid) 

¶ Qualification close 

¶ Power type: 

¶ Need Type: 

¶ Product type 

¶ Need direction 

¶ Connection voltage level 

¶ Buyer 

¶ Competition type 

¶ DPS reference 
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Figure 5.10 ς List of details related to competitions available in the UK [177] 

Beside these details, for each competition, it is also shown a list of all time periods when a competition 

requires flexibility (in the example displayed in Figure 5.10 there is only 1 service window (weekdays from 

2027 to 2028), but in other competitions there are multiple time periods). For each service window, the 

following details are given, as seen in Figure 5.11: 

¶ Contract start 

¶ Contract end 

¶ Time required 

¶ Days required 

¶ Estimated utilisation events 

¶ Estimated utilisation duration/event 

¶ Estimated hours utilisation 

¶ Total need (MW) 

¶ Minimum aggregated asset size 

¶ Minimum run time 
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Figure 5.11 ς Details of a specific service window of a competition in the UK [177] 

Once a competition is closed, and assuming bids were received, the DSO chooses which bids to accept. This 

can be done either within the platform or through a procurement system owned by the DSO. Regarding 

activation and settlement, this is conducted by the DSO outside the Piclo Flex platform, with manual dispatch 

instruction and activation [138]. Still, and according to [164], settlement APIs can used to simplify the 

integration of metering and invoicing systems, but this seems to still be under development, and, at this 

point, it is not clear whether these APIs are already being used.  Moreover, flexibility delivery is performed 

by the DSO in a manual validation process using meter data [132]. The baselines shall be defined using 

representative historical data and are provided by FSPs [163]. 

The main characteristics of Piclo Flex platform are summarized in Table 5.9. 

Table 5.9 ς Main characteristics of the Piclo Flex platform 

Characteristics Summary 

Platform type ¶ Flexibility Market Platform [155] 

Location ¶ UK, Ireland, Italy, Lithuania, Portugal, USA [155] 

Market structure ¶ One-sided market (single buyer [137], [156]) 

Trading type ¶ Auction based [156] 

Price computation ¶ Pay-as-bid [156] 

Market type ¶ Energy and capacity [156] 

Buyer ¶ DSOs [137] 

Sellers ¶ Aggregators, DER Owners, large consumers, EV, and generators [137] 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

108 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

Products/Services 

¶ Congestion Management for DSOs (short-term and long-term [137], [156]) 

¶ Voltage control [137] 

¶ Observability over available flexibility [156] 

¶ Standardized: Sustain, Secure, Dynamic, Dispatch 

Resources/Assets 

¶ Batteries [137] 

¶ EV charging points [137] 

¶ Gas or diesel-powered generators, CHP systems, waste-to-power systems, wind farms [137] 

¶ Demand Side Response [137]  

Pre-qualification ¶ Done by the DSO, using information stored in the platform [178] 

Aggregation ¶ Aggregation is allowed [156] 

Bidding period 
¶ Tenders are organized with a lead-time of 6 months or more [137] 

¶ Contract duration can go from a few months to 4 years [137] 

Negotiation & Market 
Operation 

¶ Within-platform: sellers submit bids and the DSO chooses which to accept either within platform 
or through own procurement system [138] 

Activation & Settlement 

¶ According to [138], activation and settlement is conducted by the DSO off-platform 

¶ According to [138], manual dispatch instruction and activation by the DSO off-platform 

¶ According to [179], settlement APIs are used to simplify the integration between metering and 
invoicing systems 

Proof of delivery 
¶ Off-platform: DSO-led manual validation process using meter data [138] 

¶ Baseline is established using representative historical data [178] 

Remuneration 

¶ Dispatch payment (£/kWh) [137] 

¶ Availability payment (£/kW/h) [137] 

¶ Dispatch and availability payment (£/kWh + £/kW/h) [137] 

TSO-DSO coordination ¶ TSO-DSO coordination is not considered [156] 

Integration with other 
markets or platforms 

¶ Runs separately from the existing electricity markets [137] 

 

5.1.3.1. Piclo Flex API 

By examining Piclo Flex APIs , described in [180], it was possible to obtain a more comprehensive understating 

of the data being exchange between the FSPs, the platform, and the DSOs. The gathered information is 

summarized next. For complete description of the APIs, readers are referred to [180]. 

The APIs are meant to enable software integration with the Piclo Flex platform, allowing participants to 

automate processes, reduce errors, and scale faster. Multiple APIs are already available for both FSPs and 

DSOs, with more resources still being developed. The main functionalities that have been implemented so 

far are depicted in Figure 5.12. Piclo Flex APIs follow REST API conventions and use JSON formatting [180].  

To have access to Piclo Flex API, an FSP must contact the support service. An FSP who is found to be eligible 

is provided with the following content [180]: 

¶     Provider ID - ǳƴƛǉǳŜ ƛŘŜƴǘƛŦƛŜǊ ŦƻǊ ǘƘŜ C{tΩǎ ƻǊƎŀƴƛǎŀǘƛƻƴ ǿƛǘƘƛƴ tƛŎƭƻ CƭŜȄ 

¶     Client ID - ƛŘŜƴǘƛŦƛŜǊ ŦƻǊ ŀ ƳŀŎƘƛƴŜ ǳǎŜǊ ŎǊŜŀǘŜŘ ŦƻǊ ǘƘŜ C{tΩǎ ƻǊƎŀƴƛǎŀǘƛƻƴ 

¶     API Key - secret key to authenticate this Client ID 
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Once an FSP has access to the platform API, it can perform a set of actions, including creating/updating assets, 

submitting bids, and receiving dispatch instructions. Assets are divided in categories and types. An asset's 

category must always match a certain type, as represented in Table 5.10 [180]: 

Table 5.10 ς Assets categories and types [180] 

Asset category Asset Types 

storage battery, fuel_cells, liquid_air, compressed_air, pumped_hydro, vehicle_to_grid 

energy_efficiency energy_efficiency 

demand_side_response vehicle_charging, residential, commercial, industrial 

interconnectors interconnector 

low_carbon nuclear, gas_carbon_capture_and_storage_ccs 

renewable 

biomass, biomass_chp, hydro, tidal, wave, offshore_wind, onshore_wind, 
advanced_conversion_technology_act, advanced_conversion_technology_act_chp, 
anaerobic_digestion, anaerobic_digestion_chp, biogas_chp, biofuel, geothermal_chp, landfill_gas, 
sewage, sewage_chp, solar_pv, waste, waste_chp 

thermal 
combined_cycle_gas_turbine_ccgt, gas_chp, gas_reciprocating_engines, 
open_cycle_gas_turbine_ocgt, coal_chp, diesel_reciprocating_engines, fuel_oil, coal, gas, diesel, 
gas_oil 

 

In a similar manner to what was described before, to create a new flex asset whose statues is either "in 

development", "operational", "mothballed", or "archived", the FSP must send the platform the information 

indicated in Table 5.11. 

Table 5.11 ς Create a new flex asset: request body schema [180] 

Field Description 

provider (required) 
string 7 characters ^[a-zA-Z0-9]{7}$ 

Your Flex Provider ID as provided by Piclo Flex. 

ref (required) 
string <text> [ 1 .. 36 ] characters ^[a-zA-Z0-9]{36}$ 

The reference you provide to uniquely identify the asset in the system. 

name (required) 
string <text> [ 1 .. 80 ] characters 

A human readable name used to identify the asset in the system. 

status (required) 

string 

Enum: "in_development" "operational" "mothballed" "archived"  

Describes the status of the asset to let you promote future assets as well as assets available now. 

asset_category (required) 

string 

Enum: "storage" "energy_efficiency" "demand_side_response" "interconnectors" "low_carbon" 

"renewable" "thermal"  

The general categorisation of the flex asset. 

asset_type (required) 

string 

Enum: "battery" "fuel_cells" "liquid_air" "compressed_air" "pumped_hydro" "vehicle_to_grid" 

"energy_efficiency" "vehicle_charging" "residential" "commercial" "industrial" "interconnector" 

"nuclear" "gas_carbon_capture_and_storage_ccs" "biomass" "biomass_chp" "hydro" "tidal" "wave" 

"offshore_wind" "onshore_wind" "advanced_conversion_technology_act" 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

110 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

"advanced_conversion_technology_act_chp" "anaerobic_digestion" "anaerobic_digestion_chp" 

"biogas_chp" "biofuel" "geothermal_chp" "landfill_gas" "sewage" "sewage_chp" "solar_pv" "waste" 

"waste_chp" "combined_cycle_gas_turbine_ccgt" "gas_chp" "gas_reciprocating_engines" 

"open_cycle_gas_turbine_ocgt" "coal_chp" "diesel_reciprocating_engines" "fuel_oil" "coal" "gas" 

"diesel" "gas_oil" 

Describes the specific technology type of the flex asset. 

voltage_level (required) 

string 

Enum: "0.24" "0.40" "6.60" "11.00" "22.00" "33.00" "66.00" "132.00" 

Voltage level at the point of connection to the network. 

country_code 
string <iso-3166-1>  

ISO 3166-1 Designation of the country the asset is located in. 

connection_status 

string or null 

Enum: "planned" "submitted" "accepted" "energised"  

Describes the status of the asset's connection with the network. 

operational_date 
string or null <date> YYYY-mm-dd 

The date from which the flex asset was operational. 

connection_type 

string 

Enum: "long_term_parallel" "short_term_parallel" "timed" "flexible" "standby" "other" "n/a" ""  

Describes the type of connection the asset has with the network. 

connection_current 

string 

Enum: "<=16_a" ">16_a" "n/a" ""  

Describes the current per phase of the asset's connection with the network, either below or above 16 

A. Specify 'N/A' for planned assets where this is not yet known. 

erec_compliance 

string <text> <= 200 characters  

Describes the compliance status of the asset's connection, in accordance with the approriate 

Engineering Recommendation for its size and type. Specify 'N/A' for planned assets where this is not 

yet known. 

active_export_capacity 
string or null^[0-9]{1,15}(\ .[0-9]{1,20})?$ 

The flex asset's maximum flexible capacity for exporting active power to the grid. 

active_import_capacity 
string or null^[0-9]{1,15}(\ .[0-9]{1,20})?$ 

The flex asset's maximum flexible capacity for importing active power from the grid. 

reactive_export_capacity 
string or null^[0-9]{1,15}(\ .[0-9]{1,20})?$ 

The flex asset's maximum flexible capacity for exporting reactive power to the grid (lead). 

reactive_import_capacity 
string or null^[0-9]{1,15}(\ .[0-9]{1,20})?$ 

The flex asset's maximum flexible capacity for importing reactive power from the grid (lag). 

max_import_capacity 
string or null^[0-9]{1,15}(\ .[0-9]{1,20})?$ 

The maximum import capacity the asset can draw down from the network. 

max_export_capacity 
string or null^[0-9]{1,15}(\ .[0-9]{1,20})?$ 

The maximum export capacity the asset can provide the network. 

response_time 

string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 

The minimum time required for the asset to respond to a utilisation message. If over 24 hours, prepend 

the duration with the number of days. 
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max_runtime 

string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 

Maximum length of time that the asset can sustain capacity. If over 24 hours, prepend the duration 

with the number of days. 

min_runtime 

string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 

Minium length of time required to dispatch asset. If over 24 hours, prepend the duration with the 

number of days. 

recovery_time 

string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 

The time required by the asset to recover from one instruction until the next instruction can be 

actioned (assuming full utilisation). If over 24 hours, prepend the duration with the number of days. 

metering_point 

string 

Enum: "" "boundary" "terminals"  

Describes where the asset is metered. 

meter_interval 

string 

Enum: "" "ss" "mm" "hh"  

The most granular metering frequency available. 

supplier 
string <text> <= 80 characters  

Name of the energy supplier for this asset. 

address 
string <text> <= 200 characters  

Used to provide the approximate location. Either a 'meter_id' or an 'address' value must be provided. 

latitude (required) 
number [ -90 .. 90 ] 

If provided, used to accurately locate the asset. 

longitude (required) 
number [ -180 .. 180 ] 

If provided, used to accurately locate the asset. 

export_meter_id 

string <text> [ 13 .. 30 ] characters  

The unique identification (MPAN) of the export meter associated with this asset. Leave blank if asset 

still in development. 

import_meter_id 

string <text> [ 13 .. 30 ] characters  

The unique identification (MPAN) of the import meter associated with this asset. Leave blank if asset 

still in development. 

 

After sending this information, the FSP receives a response from the platform. If something is wrong the FSP 

receives an error code (400 invalid input). If the creation of the asset is successful the FSP receives a message 

which, besides including the same information provided by the FSP, also includes an ID assigned by Piclo Flex 

for the new asset. After creating assets, FSP are able to retrieve them, update them or find them by ID [180]. 

It is also possible to create planned assets using the APIs [180]. For that, the FSP must provide Piclo Flex the 

information specified in Table 5.12. 
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Table 5.12 ς Create a new planned asset: request body schema [180] 

Field Description 

provider (required) 
string 7 characters ^[a-zA-Z0-9]{7}$ 

Your Flex Provider ID as provided by Piclo Flex. 

reference (required) 
string <text> [ 1 .. 36 ] characters ^[a-zA-Z0-9]{36}$ 

The reference you provide to uniquely identify the asset in the system. 

name (required) 
string <text> [ 1 .. 80 ] characters 

A human readable name used to identify the asset in the system. 

capacity_type (required) 

string 

Enum: "active_import_capacity" "active_export_capacity" "reactive_import_capacity" 

"reactive_export_capacity" 

The Planned Asset's capacity type. 

capacity_value (required) 
string^[0-9]{1,15}(\ .[0-9]{1,20})?$ 

The capacity of the Planned Asset in MW or MVAr unit 

competition_reference 
(required) 

string <text> <= 40 characters ^[a-zA-Z0-9]{40}$ 

The System Operator defined unique identifier for a competition. 

estimated_asset_count 
(required) 

integer <= 5 characters [ 1 .. 10000 ] 

Estimated number of assets for this Planned Asset. 

voltage_level (required) 

string 

Enum: "0.24" "0.40" "6.60" "11.00" "22.00" "33.00" "66.00" "132.00" 

Voltage level at the point of connection to the network. 

asset_type (required) 

string 

Enum: "battery" "fuel_cells" "liquid_air" "compressed_air" "pumped_hydro" "vehicle_to_grid" 

"energy_efficiency" "vehicle_charging" "residential" "commercial" "industrial" "interconnector" 

"nuclear" "gas_carbon_capture_and_storage_ccs" "biomass" "biomass_chp" "hydro" "tidal" "wave" 

"offshore_wind" "onshore_wind" "advanced_conversion_technology_act" 

"advanced_conversion_technology_act_chp" "anaerobic_digestion" "anaerobic_digestion_chp" 

"biogas_chp" "biofuel" "geothermal_chp" "landfill_gas" "sewage" "sewage_chp" "solar_pv" "waste" 

"waste_chp" "combined_cycle_gas_turbine_ccgt" "gas_chp" "gas_reciprocating_engines" 

"open_cycle_gas_turbine_ocgt" "coal_chp" "diesel_reciprocating_engines" "fuel_oil" "coal" "gas" 

"diesel" "gas_oil" 

Describes the specific technology type of the flex asset. 

maximum_response_time 

string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 

The maximum time required for the Planned Asset to respond to a utilisation message. If over 24 

hours, prepend the duration with the number of days. Format: DD HH:mm:ss 

maximum_runtime 

string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 

Maximum length of time that any of the planned DERs can sustain flexibility capacity. If over 24 hours, 

prepend the duration with the number of days. Format: DD HH:mm:ss 

minimum_runtime 

string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 

Minimum length of time that any of the planned DERs can sustain flexibility capacity. If over 24 hours, 

prepend the duration with the number of days. Format: DD HH:mm:ss 

maximum_recovery_time string or null^([1-9] )?([0-1][0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 
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The maximum time required by any of the DERs to recover from one instruction until the next 

instruction can be actioned (assuming full utilisation). If over 24 hours, prepend the duration with the 

number of days. Format: DD HH:mm:ss 

operator_name (required) 

string <= 80 characters 

Enum: "Electricity North West" "NIE Networks" "Scottish and Southern Electricity Networks" "SP 

Energy Networks" "UK Power Networks" "Western Power Distribution" 

Name of the System Operator for whom the Competition belongs. 

 

Once all the qualification procedures described before are completed and the assets are created, the FSPs 

can place bids using the APIs. This enables FSPs to handle bid submission and to create a ballot to bid into 

the competitions it is qualified for. A ballot is a representation of a group of bids that an FSP submitted for a 

given competition. All bids should be submitted together for a competition, covering all service windows this 

FSPs wishes to bid into. If the FSP wants to re-submit a bid for a specific service window, it needs to include 

all the other bids for that competition in the request as well, and only the last submitted ballot will be 

considered [180]. 

Bedsides, all rates corresponding to the service window's parent competition type must be supplied. For 

instance, for a service window which belongs to an "Availability and Utilisation" competition, both an 

availability and utilisation rate must be supplied, while a service fee rate shall not be indicated [180]. 

When submitting a ballot for a competition, if no assets are explicitly specified, all the FSPΩǎ assets (including 

planned assets) that qualify for the specified competition are included in the service window bids. Otherwise, 

the FSP can opt to specify precisely which assets to submit in a ballot. Assets are associated at the ballot 

level, that is, this set of assets are for all bids in the ballot [180]. 

If a competition already has a ballot submitted against it with a different set of assets, submitting a ballot will 

not be allowed. I this case, if the FSP wishes to re-submit a ballot, it must use the same set of assets stated 

in the previous ballot. At last, by submitting a ballot, the FSP agrees to adhere to the DSO rules for this 

competition [180]. To create a ballot using the API the FSP must provide Piclo Flex the information specified 

in Table 5.13. 

Table 5.13 ς Create a ballot: request body schema [180] 

Field Description 

competitionId (required) 
string <text> ^[a-zA-Z0-9]{7,12}$ 

Internally-generated unique identifier for the Competition to bid into. 

bids (required) 
string <text> [ 1 .. 36 ] characters ^[a-zA-Z0-9]{36}$ 

The reference you provide to uniquely identify the asset in the system. 

¶ service_window_id 
(required) 

string <text> ^[a-zA-Z0-9]{7,12}$ 

The service window that this Bid is for 

¶ capacity (required) 

string <decimal (5 d.p.)> ^[0-9]{1,9}(\ .[0-9]{1,5})?$ 

Offered Capacity in MW/MVar. This should be equal to or less than the required need of the service 

window. 

¶ max_runtime 
(required) 

string <duration> ^(?:[0-9]{1,8}?T)?([01]?[0-9]|2[0-3]):[0-5][0-9]:[0-5][0-9]$ 
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Maximum length of time that you can make the Bid capacity available for. Format: DDTHH:mm:ss 

¶ rates (required) 
Array of objects (OfferPost) non-empty [ items ] 

Offered Rate for this Bid. 

o type (required) 

string 

Enum: "utilisation" "availability" "service_fee" 

The type of service for which the Rate is being offered. Supply values for corresponding Competition 

type only - for example, supply utilisation only for Utilisation Competition type. 

o value (required) 
string <currency - decimal (2 d.p.)> ^[0-9]{1,8}?[.][0-9]{0,2}$ 

Value of the Rate Offer in (£/MW/h) for the corresponding competition type service windows. 

assets 

object (FPBallotAssetsPost) 

Optionally specify which Assets you wish to bid with. If none are passed, all qualified Assets for this 

Competition will be used in this Ballot. 

¶ flex 
Array of strings <text> non-empty 

Your Flex Assets associated with this Ballot. 

¶ planned 
Array of strings <text> non-empty 

Your Planned Assets associated with this Ballot. 

 

Figure 5.12 is a sequence diagram which intends to show the interaction between FSPs and the platform and 

between the platform and DSOs using the API. Still, it should be noted that not all the APIs available might 

be presented in this diagram, since some are still undergoing development. Hence, the author refer the 

readers to [180] in order to obtain a more comprehensive description of the API and to check potential 

updates and added functionalities. 
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Figure 5.12 - Piclo Flex sequence diagram (based on [180]) 

5.1.4. Flexible Power 

Flexible Power emerges from a joint initiative between several British DSOs. Its objective is to offer a single 

point of information concerning flexibility needs, allowing FSPs to view flexibility locations, requirement data 

and procurement notices issued by DSOs [181]. The developers of Flexible Power created an end to end 

process to deal with the procurement and operation of flexibility [182], as seen in Figure 5.13. 
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Figure 5.13 ς Overview of the implemented end to end flexibility process [182] 

The grid flexibility requirements are set using a modelling tool which takes inputs such as historical load, load 

growth, number of new EV connecting to the grid, etc [183]. These requirements are sent to the DSO, who 

use the Piclo Flex platform to procure flexibility (as already described in subsection 5.1.3) [184]. After the 

procurement process is over, contracts are issued, with their management still being done manually and 

outside the platform. Then, monthly forecasts of the likelihood of utilisation of the contracted assets are 

issued. This helps FSPs to understand how often the DSOs will use their assets in the upcoming months. 

Finally, dispatch and settlement are completed through the Flexible Power platform. This includes issuing 

start and stop signals, verifying flexibility provision, generating performance and financial reports and 

sending invoices [183]. The usage of Piclo Flex platform follows the methodology previously described in 

subsection 5.1.3 [184]. First, the DSOs require FSPs to answer a set of specific questions, related to, for 

instance, their financial position. Next, each FSP is also asked to characterize its flexible assets so that the 

DSOs can assess if they are suitable to satisfy the service requirements [185]. Having this information, the 

DSOs evaluate the technical and locational details to confirm suitability for the individual zones and, if 

approved, qualified assets can be used to submit bids [184]. All FSPs who meet the requirement criteria are 

invited to bid and, following the assessment of their bids, contracts are granted to successful FSPs [184]. 

To decide on whether to procure flexibility or not, the DSOs evaluate investment solutions by means of a 

comparative assessment approach. This means that they determine the value of flexibility (i.e., the amount 

of money they would spend on flexibility services) based on a like-for-like comparison with a counterfactual 

solution, such as a grid reinforcement, in the same scenario, considering both its cost and value [184]. As a 

result, it is possible to, for instance, get an equitable comparison between a 45 year reinforcement scheme 

and a 3 year flexibility contract [184]. The procedure used is similar to the one described in Piclo Flex, being 

based on the same ENA ONP CEM methodology and tool, which is described in [186] and available in [187]. 

Once DSOs receive bids, these are assessed to confirm that they could technically help in managing the 

identified constraints. The risks associated with using flexibility are evaluated and, if responses are greater 

than the requested capacity DSOs consider the most cost-efficient mix of tender responses. For each bid that 

is submitted, DSOs assess [184]:  

¶ The overall value of the service offered against the annual ceiling cost (budget). 

¶ The technical parameters. 

¶ Competing bids. 
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The bid assessment criteria of SPEN is detailed in [188], where it is stated how different solutions are assessed 

to identify the most suitable and least costly option. If flexibility is deemed as a technically viable solution, 

the value of such service will depend on the cost of the alternative solution [188]. 

This bid assessment criteria follows the steps described next. First, an annual ceiling cost (budget) is 

calculated for each constraint management zone. This value is based on the cost of alternative solutions. 

Next, it is analysed to what degree each bid meets the necessary requirements, such as capacity, service 

window, run time. At last, and after the above tests are applied, bids will be ordered by price offered, with 

the lower prices being selected first. DSOs might accept a higher bid from a FSP that is able to meet all 

requirements, compared to a lower bid where only some requirements are met [188].  

The dispatch methodology follows the steps provided next [184]: 

¶ Operability: first, the FSPs which can best meet the requirements are identified. 

¶ Reliability: reliable FSPs are prioritized over those who failed to meet scheduled requirements in the past, 

but new FSPs are not ignored in favour of more experienced FSP, so that they all get an opportunity to 

develop a reliability score. 

¶ Price: usually, DSOs procure the most cost-effective flexibility services. After operability and reliability 

are assessed, cheaper services are given priority, and when multiple FSPs offer the same price, it is 

guaranteed a fair level approach. 

Since Flexible Power uses Piclo Flex to procure flexibility, it accepts the same 4 products: sustain, secure, 

dynamic and restore [189]. 

In the sustain product the dispatch schedule is agreed with the FSPs long before the service being needed. 

Consequently, this service does not have to be made available within a service window and wait for a dispatch 

instruction from the platform. A utilisation fee is paid for the entire scheduled dispatch delivered. For the 

secure service both an arming fee and a utilisation fee are paid. The first is paid for the window confirmed in 

advance as being the time services are expected to be required, while the second is paid for the service 

scheduled ahead of time or dispatched in real-time following an instruction. Meanwhile, in the dynamic 

service both an availability and a utilisation fee are paid. The first is paid for the availability accepted a week 

ahead and the second is paid for the duration of a utilisation event following a dispatch instruction. In this 

case the availability fee is low because the time of a fault is unknown and therefore the service window needs 

to cover all risk hours. The utilisation Fee is expected to be higher than that paid for sustain and secure 

services due to the chances of dispatch being smaller. At last, in the restore service only a utilisation fee is 

paid. The probability of dispatch is low and depends on the grid experiencing or being at risk of a loss of 

supply during the contracted service window. Since no availability fee is given the Utilisation Fee is expected 

to be high [189]. A summary of these 4 products is given in Table 5.14. 
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Table 5.14 - Services provided by SPEN on the Flexible Power platform 

 Sustain Secure Dynamic Restore 

Purpose 
¶ Manage grid peak load and 

preventively reduce it [190] 
¶ Manage grid peak load and 

preventively reduce it [190] 
¶ Support the grid in the 

case of faults [190] 

¶ Help with restoration 
after uncommon faults 
[190] 

Use Case ¶ Scheduled [190] ¶ Pre-fault [190] ¶ Post-fault [190] 
¶ Post-fault power grid 

restoration [190] 

Utilisation fee 
(£/MWh) 

¶ Yes [189] ¶ Yes [189] ¶ Yes [189] ¶ Yes [189] 

Arming fee 
(£/MW/h) 

¶ No [189] ¶ Yes [189] ¶ No [189] ¶ No [189] 

Availability 
fee (£/MW/h) 

¶ No [189] ¶ No [189] ¶ Yes [189] ¶ No [189] 

Availability 
declarations 

¶ Week-ahead [190] ¶ Week-ahead [190] ¶ Week-ahead [190] ¶ Week-ahead [190] 

Availability 
acceptance 

¶ Week-ahead [190] ¶ Week-ahead [190] ¶ Week-ahead [190] ¶ Week-ahead [190] 

Dispatch 
Notice 

¶ Fixed within contract and 
notice sent 15 min ahead of 
requirements  [190] 

¶ Fixed week-ahead on 
acceptance of availability and 
notice sent 15 min ahead of 
requirements [190] 

¶ Sent 15 min ahead of 
requirements [190] 

¶ Sent 15 min ahead of 
requirements  [190] 

 

Fees are paid depending on delivery of the contracted services and all dispatch events are validated using 

metering data. If contracted services are not provided, in part or in full, an adjustment may apply to these 

fees, as described in [191]. This situation is exemplified in Figure 5.14, where it is shown, for the dynamic 

service, how the percentage of the utilisation fee varies with the percentage of flexibility delivered. 

 

Figure 5.14 ς % of utilisation fee received depending on % of flexibility provided [192] 
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In order to receive requests from Flexible Power to turn their assets on or off, it is required to establish 

communication using APIs [193], which can also be used to send meter readings [194]. After dispatch and 

flexibility delivery, FSPs are invoiced an earning statement [195]. 

The main characteristics of the Flexible Power platform are summarized in Table 5.15. 

Table 5.15 - Main characteristics of the Flexible Power platform 

Characteristics Summary 

Platform type ¶ Flexibility Market Platform [181] 

Location ¶ UK [181] 

Market structure ¶ One-sided market (single buyer) 

Trading type ¶ Auction based (like Piclo Flex) 

Price computation ¶ Pay-as-bid (like Piclo Flex) 

Market type ¶ Energy and capacity (like Piclo Flex) 

Buyer ¶ DSOs [181]  

Sellers ¶ ά!ƴȅƻƴŜέ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƎǊƛŘ [182] 

Products/Services 

¶ Pre-fault: 

o Sustain: pre-fault (intact system), scheduled support [183], [184] 

o Secure: pre-fault (intact system), dispatched support [183], [184] 

¶ Post fault: 

o Dynamic: post-fault system support [183], [184] 

o Restore: post-fault restoration [183], [184] 

Resources/Assets 

¶ Demand Side Response [184] 

¶ Batteries [184] 

¶ Electric Vehicles [184] 

¶ CHP [184] 

Pre-qualification ¶ Yes, divided in two parts (providers pre-qualification and assets pre-qualification) [184], [185] 

Aggregation ¶ Aggregation is allowed [194] 

Bidding period 
¶ Over a period of approximately 12 months [196] 

¶ Contract duration up to 4 years [196] 

Negotiation & Market 
Operation 

¶ Within Flexible Power platform [183] 

¶ After receiving bids, the FSPs which best meet the requirements are identified [184] 

¶ Reliable FSPs are prioritized those who failed to meet scheduled requirements in the past [184] 

¶ After assessing operability and reliability, cheaper services  prioritized [184] 

Activation & Settlement 

¶ Within platform: Flexible Power automatically schedules a dispatch signal [183] 

¶ Performance and financial reports are generated (14 days to verify accuracy) [183] 

¶ Invoices generation[183] 

Proof of delivery 
¶ Baseline is based on historical data [197], [198] 

¶ 1 minute resolution or half-hour resolution [199] 

Remuneration 

¶ Utilisation fee (£/MWh) [189] 

¶ Arming fee (£/MW/h) [189] 

¶ Availability fee (£/MW/h) [189] 

(depends on the product) 

TSO-DSO coordination ¶ No information regarding TSO-DSO coordination  
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Integration with other 
markets or platforms 

¶ Flexible Power makes use of the Piclo Flex platform for flexibility procurement[183] 

¶ Runs separately from other electricity markets 

5.1.5. Enedis platform 

9ƴŜŘƛǎΣ ŀ CǊŜƴŎƘ 5{h ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǎǳǇǇƭȅƛƴƎ фр҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘŜǊǊƛǘƻǊȅ [200], created a platform to 

assist them in the acquisition of flexibility through market-based procurement processes [201]. The goal is to 

facilitate the connection of Consumers, promote the integration of RES into the grid and optimise planning 

and operation on the distribution network [201]. 

The Enedis Request For Information (RFI) platform, as it is called, has multiple objectives, such as [202]: 

¶ Inform the DSO about the available flexibly and the existing services through the registration of FSPs 

on a single site. 

¶ Give FSPs a preview of the areas of interest for the DSO. 

¶ Develop the local knowledge on flexibility: promote flexibility to opportunities areas Consumers and 

local communities. 

The first flexibility tender was launched in 2020 [200]. The end-to-end flexibility procurement process is 

divided in 6 steps, as seen in Figure 5.15. 

 

Figure 5.15 - Overview of the end-to-end flexibility process used by Enedis [200] 

After identifying flexibility needs [200], Enedis publishes them in their platform, thus creating a potential 

market call [203]. The platform has a dashboard where it presents a map with the potential, ongoing and 

ended tenders/market calls, as in Figure 5.16. This allows FSPs to verify their eligibility by checking if their 

connection points are within the listed sites of a potential market [204]. 



 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the 

European Union. Neither the European Union nor the granting authority can be held responsible for them. 

122 

D1.2 ς Framework for a flexibility-centric energy 

and cross-sector value chain, Business Use Cases 

and KPIs definition 

Dissemination level: PU 

 

 

Figure 5.16 ς Potential, available and ended market calls (05/06/2023) [203] 

In case there is an adequate number of interested FSPs, Enedis opens a flexibility tender [204].  Here, 

products do not follow a standardized definition (like in Piclo Flex and Flexible Power). Instead, several uses 

are described [200]: 

¶ Smart Connection Offers (SCO) to connect Consumers and Producers to the MV grid faster and at lower 

cost 

¶ Promoting the development of RES by optimising grid planning under the Regional Renewable Energies 

Connection Master Plans (S3REnR) 

¶ Flexibility to defer investments 

¶ Flexibility to enhance work planning 

¶ Flexibility as an alternative to power resupply resources before or following an incident 

Their main characteristics and contractual principles and summarized in Table 5.16.  

Table 5.16 - Uses cases summary [200] 

 
Smart 

Connection 
Offers 

Optimisation of 
investments 

Defer 
investments 

Enhance 
work 

planning 

Incident 
management 

Flexibility value 

Connection cost 
and reduction of 
the delay for the 
consumer 

Maximum value for 
ǎƻŎƛŜǘȅ ƻŦ нрлaϵ ōȅ 
2035 (alternative to 
investments) 

Maximum value for 
society from 0 to 
нпƪϵκa²κȅŜŀǊ 
(Investment 
postponement) 

Maximum value for society from 0 to 
нлƪϵκa²Ƙ όƳǳǎǘ ōŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ 
the alternative usual solutions, such as 
generators) 

Importance of 
the location 

Important for all use cases 

Sources of 
flexibility 

MV sites to be 
connected 

Producers, storage, electric vehicles, demand response, with active or reactive power 
for voltage congestions 






















































































































































































































































































































































































































































































































































































































































































