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Housekeeping rules

2

• All participants are automatically muted by the webinar 
administrators

• Please submit your questions using the Q&A feature which is 
visible on the Zoom Webinar control panel.

• The webinar is being recorded.

• The slides and the recording will be publicly available on our 
website (https://www.bigg-project.eu/) in the upcoming days

https://www.bigg-project.eu/
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Agenda
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10:00 – 10:05 Welcome & Introduction

10:05 – 10:15 Opening by the European Commission

10:15 – 10:30 Introduction to BIGG project and its objectives

10:30 – 11:15 Introduction to BIGG Business Cases and Q&A

11:15 – 11:25 Coffee break

11:25 – 12:00 Ontology and AI Toolbox – Panel discussion

12:00 – 12:25 #SmartEnergyCluster: 3 LIFE projects

12:25 – 12:30 Conclusion
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The importance of data

• Efficient Operations: Leading to cost savings and 
improved sustainability.

• User Experience: Understanding occupant behavior 
and preferences allows for the customisation of spaces, 
optimising comfort, and increasing productivity.

• Sustainability and Resource Management: Supporting initiatives related to 
energy efficiency, waste reduction, and water conservation, contributing to 
sustainable and environmentally friendly practices.

• Predictive Analytics for Planning: Enabling authorities to make informed 
decisions about infrastructure development, traffic management, and zoning for 
optimal city functioning.
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Data in the built environment in Horizon 2020

• Establishment of the Building Stock Observatory (BSO)

• Importance of data in the built environment identified during H2020 funding 
programme, through relevant topics

• ICT enabled, sustainable and affordable residential building construction, design to end of 
life

• Digital Building Twins

• Big data for buildings

• Building Digital Twin Association
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The European Strategy for data 1/2

• Adopted by the European Commission in 2020

• To create a single market for data ensuring Europe’s global 
competitiveness and data sovereignty

• To ensure that more data becomes available for use in the economy, 
society and research

• Companies and individuals who generate the data are in control



5

The European Strategy for data 2/2

• Data Governance: The strategy emphasises the establishment of common 
European data spaces to facilitate sharing and access to data in specific sectors, 
promoting a common European data governance framework.

• Data Interoperability: A focus on creating standards and fostering interoperability 
to enable the free flow of data across borders and sectors, eliminating data silos, 
and encouraging collaboration.

• Empowering Individuals and Businesses: Promoting data sharing while 
ensuring privacy and security through tools like the General Data Protection 
Regulation (GDPR).

• Innovation and Competitiveness: Leveraging data for emerging technologies 
such as artificial intelligence and the Internet of Things.
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Energy Data Space

• Data Integration: Integrate diverse energy-related data sources, fostering a 
collaborative platform for sharing and accessing information across the European 
Union.

• Interoperability: Create standards and protocols to ensure interoperability among 
various energy data systems

• Innovation and Insights: Encourage innovation in the energy sector and allow 
stakeholders to derive meaningful insights, driving informed decision-making and 
supporting the transition to sustainable energy practices.

• Policy Support: Provide a foundation for evidence-based policymaking and 
regulatory decisions in the field of energy.

https://energy.ec.europa.eu/publications/common-european-energy-data-space_en

https://energy.ec.europa.eu/publications/common-european-energy-data-space_en
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Data in the built environment in Horizon 
Europe

• 2022 – Smart-grid ready and smart-network ready buildings, acting as 
active utility nodes

• 2023 – Intelligent data acquisition and analysis of materials and products in 
existing built works

• 2023 – Innovative uses of lifecycle data for the management of buildings 
and buildings portfolios

• 2024 – BIM-based processes and digital twins for facilitating and optimising
circular energy renovation



© European Union 2023
Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are not owned by the EU, permission may need to be sought directly from the respective right holders.
Image credits:

Thank you!
• CINEA on TWITTER: @cinea_eu and @cleanenergy_eu

• CINEA on LINKEDIN: https://www.linkedin.com/company/cinea-european-climate-
infrastructure-environment-executive-agency/about/

• CINEA website: https://cinea.ec.europa.eu/index_en

https://www.linkedin.com/company/cinea-european-climate-infrastructure-environment-executive-agency/about/
https://www.linkedin.com/company/cinea-european-climate-infrastructure-environment-executive-agency/about/
https://cinea.ec.europa.eu/index_en
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Our objectives

2

The BIGG project aims at demonstrating the application of big data technologies 
and data analytic techniques for the complete buildings' life-cycle of more than 
4000 buildings in 6 large-scale pilot test-beds.

➢Big Data reference architecture 
for buildings’ data

➢Harmonization of data 
from different sources

➢Open cloud-based 
analytics toolbox



Sensitivity: Company
3

Our pilots and use cases
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Context of the project

of final energy is 
consumed by the 
construction sector 

of buildings were 
renovated in 2016

of buildings are
energy-inefficient

is a key barrier for data 
interoperability, analytics, and 

data-driven decision making

40%

Only 1%

75%

Decentralization and lack of 
standardization of databases 

a solution is a standards-based 
data model for buildings 

Existing domain ontologies 
do not cover all relevant 

concepts for buildings

10101110
10010101
0010001

01010101
110

buildings generate 
massive data
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Alignment and standardization

To associate the platform 
terminology to a standard 

and facilitate future 
harmonization.

To map data relations 
and hierarchies and fully 
standardize the model.

Necessary to establish 
data exchange.

Mapping to a data 
dictionary

Alignment to an 
ontology

Alignment to data sources 
of the platform
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BIGG Data Analytics Toolbox 

Benchmarking and 
building portfolio 

management

Energy certification 
in residential and ,  
tertiary buildings

Building life-cycle 
data interoperability: 

from planning to 
renovation

Energy Performance 
Contract support

Building optimisation 
for occupants 

Flexibility potential 
of buildings
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Expected impact

Open Semantic Data Model 
for Buildings

Implementation of Use Cases using common 
data meaning

Standard input for the BIGG Open Analytics 
Toolbox

Enabling of an ecosystem of interoperable 
tools in the Buildings domain

Core enabler of the BIGG Reference 
Architecture concept

Contribution to standardization of 
Buildings’ data

Impact in 
project scope

Impact in mid-
term



Sensitivity: Company

BIGG Partners
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Introduction to BIGG 
Business Cases



Business Case 1: Benchmarking and Energy 

Efficiency tracking in Public Building

ICAEN

Orio l  Escurse l l :  or io lescurse l l@gencat .cat
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BC1: The seed of the project

Generalitat de Catalunya
• 4,000+ buildings
• 14 government departments (ministries)
• Hundreds of energy efficiency measures implemented each year
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Information

Skilled workforce

Target

BC1: The seed of the project

Generalitat de Catalunya
• 4,000+ buildings
• 14 government departments (ministries)
• Hundreds of energy efficiency measures implemented each year

The energy/building challenge:
• Several data sources (internal and external): energy use, building information, 

weather data…
• Hundreds of energy/building managers
• Energy transition

Information

Skilled workforce

Target
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• Obtain the greatest value from the energy information
• Improve the identification of energy efficiency measures in most of public 

buildings by monitoring their consumptions. 
• Facilitate energy management

BC1: Definition and objectives 

Main features are: 
• Open big data infrastructure for storing all building data in one place and 

monitor performance.
• Energy benchmarking using data analytics developed in the project.
• Continuous gathering of data from different sources, energy consumption, 

investments in energy measures, information on users, building information, etc.
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Use case 1: Benchmarking and monitoring of energy consumption. 
Similar buildings comparisons and evaluation of changes in the consumption trends.

Use case 2: Energy Efficiency Measures (EEM) registration and evaluation.
Continuous registration and evaluation of the implementation of energy efficiency 
measures in buildings.

Benchmarking & building portfolio management

BC1: Benchmarking and Energy Efficiency 
tracking in Public Building 
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GEMweb

Nedgia

Datadis

Consumption Timeseries

GPG

MAP HARM

MAPHARM

Cadastral InfoMAPHARM

HARM BIGG
STORAGE 

Tariff/Emissions CoefMAPHARM

Organisation structureMAPHARM

AI Toolbox
Logitudinal and Cross Sectional Benchmarking 

EEM MAPPER HARM

SIPS (CNMC)

BC1: Input data processing
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Use case 1: Benchmarking and monitoring 
of energy consumption
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Use case 1: Performance tracking
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Use case 1: Benchmarking
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Use case 2: Energy Efficiency Measures 
(EEM) registration and evaluation
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Use case 2: BIGG solution results
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• Creation of a centralised data repository (including energy use, building data, EEM 
information and weather conditions)

• Integration of analytical tools developed for BIGG →minimising the need of data 
processing by energy managers

• Streamlined EEM data collection process using the BIGG solution, minimising data 
errors and post-cleaning

Generalitat de Catalunya:
• BIGG solution → 5-year post-project development of an internal tool (SIME)

Conclusions
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Business Cases 2-3
Energy certification in residential and tertiary buildings

Building life-cycle - From planning to renovation

BIGG FINAL MEETING
24TH NOVEMBER 2023
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BC2: Energy Certification (EPC) 
in Residential and Tertiary 
Buildings

BUSINESS CASE OBJECTIVE

BC2 focuses on taking advantage of the building energy performance 
certifications (building EPC)  and laying the groundwork for future applications 
and modifications of the certificates.
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BC2: Use Cases

Use case 3: Integration of INSPIRE spatial data with Energy Performance 
Certification (EPC).
Automating the integration of the INSPIRE data with the EPC input data for 
completing and cross- checking the information and improving the reliability of 
the services.

Use case 4: Adoption of the sustainability indicators of common EU 
framework Level(s) in building certification. 
Adoption of Level(s) indicators that is possible with the currently available 
energy certification input data and specification of the extended input 
necessary for the calculation of the rest of indicators for the future evolving of 
the certification.
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BC2: Pipeline
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BC2: Infrastructure and data process

Open Data 

EPC
MAPPERHARM

CE3x EPC MAPPERHARM HARM BIGG

STORAGE 

Catastral Info MAPPERHARM

External Data 

sources

INGES

INGES

INGES

Ingestion

process
Harmonisation 

process
Storage Presentation

Kafka 

process
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BC2: Data collecting-Ingestors

OPENDATA API BPC results in XML ( web app)

GitHub - Ingestor&Harmoniser CE3X Componenet- Published

Github- Ingestor&Harmoniser Opendata Componenet- Published 

https://github.com/BeeGroup-cimne/building_sources_implementation/tree/main/sources/CEEC3X
https://github.com/BeeGroup-cimne/building_sources_implementation/tree/main/sources/OpenData
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BC2: BIGG Ontology 
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BC2: BIGG Ontology 
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BC2: BIGG Harmonisation

Github- Ingestro&Harmoniser Component-Published

https://github.com/BeeGroup-cimne/building_sources_implementation/tree/main/sources/OpenData
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BC2: Implementation
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UC3: INSPIRE geo-spatial link

Use case 3: Integration of INSPIRE spatial data with Energy 
Performance Certification (EPC).

Automating the integration of the INSPIRE data with the EPC input data for completing and cross-
checking the information and improving the reliability of the services.
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UC3: INSPIRE geo-spatial link
What are the GFA of the buildings 

within a postal code?

What are the municipalities of 

Catalonia and its geometries?

What are the coordinates 

of all addresses within a 

postal code?

Where are the worst 

performing building spaces per 

building in a year within a 

postal code?
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UC3: INSPIRE geo-spatial link

Barcelona’s neighborhood residential building spaces cross-sectional energy benchmarking histogram (left). Map 

of the neighborhood's worse-performing residential building space per building (right)
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UC4: Level(s) link

The work of UC4 aims to define a path towards Level(s) based on the current energy performance 
certificates information. In order to reach this target, the information within the energy 
certificates was mapped to the Level(s)’s requirements. 

The goal of the mapping is to establish the necessary information to breach the gap between EPC 
and Level(s), therefore, the KPIs aim to understand the 6 different indicators of Level(s) and their 
requirements. 

The work for UC4 has been carried out to understand the data requirements to map the above-
mentioned indicators with the EPC
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UC4: Level(s) link

Macro-objective Indicator Bigg KPI harmonised
1.1 Use stage energy performance bigg:KPI-EnergyUseIntensity 

1.2 Life cycle Global Warming Potential bigg:KPI-EnergyEmissionsIntensity

2.1 Bill of quantities, materials and lifespans bigg:KPI-AmountOfMaterialsIntensity

2.2 Construction & demolition waste and materials

bigg:KPI-AmountOfMaterialsInertIntensity, bigg:KPI-

AmountOfMaterialsNonHazardIntensity, bigg:KPI-

AmountOfMaterialsHazardousIntensity

2.3 Design for adaptability and renovation -

2.4 Design for deconstruction, reuse and recycling bigg:KPI-CircularityScoreMass

3. Efficient use of water resources 3.1 Use stage water consumption bigg:KPI-WaterConsumptionIntensity

4.1 Indoor air quality bigg:KPI-CO2IndoorAir, bigg:KPI-HRIndoorAir

4.2 Time outside of thermal comfort range bigg:KPI-OutOfThermalRange

4.3 Lighting and visual comfort bigg:KPI-LightingConfort

4.4 Acoustics and protection against noise bigg:KPI-AcousticConfort

5.1 Protection of occupier health and thermal comfort bigg:KPI-OutOfThermalRange2030, bigg:KPI-OutOfThermalRange2050 

5.2 Increased risk of extreme weather events Level 1 checklist (under development in Level(s))

5.3 Increased risk of flood events Level 1 checklist (under development in Level(s))

6.1 Life cycle costs bigg:KPI-LifeCycleCosts

6.2 Value creation and risk exposure Level 1 checklist (under development in Level(s))

1: Greenhouse gas and air pollutant 

emissions along a building’s life cycle

2. Resource efficient and circular 

material life cycles

4. Healthy and comfortable spaces

5. Adaptation and resilience to climate 

change

6. Optimised life cycle cost and value

Ontology/BIGG/dictionaries/bigg_enums/KeyPerformanceIndicator.parttl at main · 

biggproject/Ontology (github.com)

https://github.com/biggproject/Ontology/blob/main/BIGG/dictionaries/bigg_enums/KeyPerformanceIndicator.parttl
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BC2: Conclusions

This BC demonstrates that the use of Bigg Data Model 4 Buildings to store and 
harmonize Building Energy Certification data improves exploration and offers 
value-added services on this data. 

• The data ingestors for BPC, cadastral (inspire format) and level(s) KPIs are ready 
• The data harmonizers for BPC, cadastral (inspire format) and level(s) KPIs are ready 
• The Bigg Data model 4 Buildings is ready to store the BPC data. 
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BC3: Building Life-Cycle: From 
Planning to Renovation

BUSINESS CASE OBJECTIVE

BC3 focuses on demonstrating how the use of the BIGG project developments 
help data interoperability both within a building's existing systems and with 
external systems. 
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BC3: Use Cases

Use case 5: Interoperability between BIM, BMS, CMMS, and building simulation 
engines. 
Integration of data from BIM, Building Management Systems (BMS), and Computerized 
Maintenance Management Systems (CMMS). 

Use case 6: Interoperability of BIGG with EEFIG-DEEP.
Adoption of the specifications of DEEP, its data model, and EEM definitions to ensure 
compatibility

Use case 7: Interoperability between EU Building Stock Observatory (EUBSO) and 
national/regional Energy Performance Certification (EPC) hubs through BIGG. 
The BIGG data model will be mapped to the EuBSO and the necessary  transformations 
developed in order to ensure interoperability with the Catalonia EPC hub and INSPIRE 
municipal data
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BC3: Pipeline
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BC3: Input data integration

877 Buildings

36402 Building Zones

70857 Building Assets

601933 Work Orders

224512 Remote control registers
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UC5: Building Systems integration

877 Buildings

36402 Building Zones

70857 Building Assets

601933 Work Orders

224512 Remote control registers
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Building zones, Elements

and Work orders

UC5: Building Systems integration
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EEM registered

UC7 – Interoperability with DEEP
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DEEP EXPORT FILE

UC7 – Interoperability with DEEP
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EPC imported

UC7 – Interoperability withEUBSO
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UC7 - EUBSO (ex. Data fields)



Sensitivity: Company

BC3: Conclusions

This BC demonstrates that the use of Bigg Data Model 4 Buildings improves the 
interoperability between individual building systems and also between external 
application 

• The data ingestors for BC inputs are ready.  
• The data harmonizers for BC inputs are ready 
• The Bigg Data model 4 Buildings is ready to store the necessary data. 



Business Case 4 - EnPC management 
LARGE COMMERCIAL Building (ATHENS)

Antony Uhlmann:  auh@helexia.eu 
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Business Case 4 - solution provided
Energy Performance Contract-based savings in commercial buildings

22/11/2021 BIGG – BC4 & BC5

Collection & standardisation of EnPC & client data

It is essential to be able to collect, analyze and highlight all the data of different kinds, both in the context
of the EnPC and in the day-to-day life of the building.

ESCo knowledge into metering equipment installation is combined with the Energy Management system
to monitor energy consumption and influential factors (weather data, production, occupancy ...). 

Monitoring and performance measurement plan

Real time tracking of energy performance guarantee

Follow-up of measurable data, changes in the conditions set in the reference situation (for example, in 
the event of changes in climatic conditions or the volume of activity in the building). 
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10/11/2022 BIGG – BC4 & BC5

• Tested on 3 pilot EnPCs (2 at Cordia, 1 at Helexia)

• Also applied in other contexts than EPC to track the savings 
generated from EEMs, and in particular from BC5

Business Case 4 – direct application
Energy Performance Contract-based savings in commercial buildings



Business Case 5 – Comfort case
LARGE COMMERCIAL Building (ATHENS)

Antony Uhlmann:  auh@helexia.eu 
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Business Case 5 – solution provided
Buildings for occupants: Comfort case

22/11/2021 BIGG – BC4 & BC5

Optimisation using weather forecasts

Optimisation using weather forecasts considers weather forecast 24 hours in advance. Weather conditions 
have a direct impact on the energy demand of buildings (e.g. necessity of heating/cooling) and the RES 
production (e.g. solar PV). Forecasted weather conditions will allow to proactively match energy demand 
and supply (e.g. heat less if large solar gains are expected later).

Optimisation using occupancy forecasts
Optimisation using occupancy forecasts adds occupancy to the optimization logic. In optimum conditions, 

thermal conditions of a building should adapt to its occupancy. 
A forecasted occupancy allow thermal conditions to be adjusted proactively.

Optimisation using price forecasts

Optimisation using price forecasts adds energy prices information on top of the weather and occupancy 
forecasts to allow using always the most sustainable and/or cheapest energy available
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10/11/2022 BIGG – BC4 & BC5

• Tested on 1 pilot site (Interamerican from Cordia)

• Reached savings estimated at 15% of the consumption 
compared to the situation without controller

Business Case 5 – direct application
Buildings for occupants: Comfort case
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Business Case 6
Technical Developments

and User Interfaces
BIGG FINAL MEETING
24TH NOVEMBER 2023



Information Classified as General

BC6: Flexibility potential of 
Residential consumers on 
Electricity and Natural gas

BUSINESS CASE OBJECTIVE

BC6 focuses on demonstrating and exploiting the flexibility potential of 
residential buildings across the two main energy vectors of electricity and 
natural gas.
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BC6: Use Cases

Use case 14: Electricity
• focus on electricity consumers that participate in implicit demand 

response schemes.

Use case 15: Natural Gas
• focus on end consumers using natural gas boilers for space heating 

and participate in explicit demand response schemes to: (a) improve 

the energy efficiency through load reduction and (b) contribute to real-
time gas balancing services.



Information Classified as General

UC14: Flexibility potential of Residential 
consumers on Electricity



Information Classified as General

UC14: Implicit DR as service

HERON offers recommendations to pilot participants on 
when they should decrease their electric consumption 
within the forthcoming day via an SMS,

The aim of the service is to decrease the carbon footprint 
of residential electricity demand, by shifting heavy loads 
(white goods, A/C etc) outside the time periods in which 
RES share is the lowest,

An SMS sent from 17.00 to 17.30 advices consumers on 
when to reduce their electric loads.
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UC14: Green Tariff

Each afternoon, Inetum calculates a dynamic 
Green Tariff based on the methodology 
provided by HERON:
• Green Tariff relies on the calculation of the percentage 

of System Load satisfied by RES+HYDRO, drawn from 
Load and RES generation from the Integrated 
Scheduling Programming (ISP) provided by the TSO. 

• The ISP is carried out by TSOs that use Central 
Dispatch Systems. The process aims at covering the 
forecasted generation/demand imbalances and 
procuring the required reserves.

• ISP is executed at three scheduled times for each 
Dispatch Day defining also the timeline of the service
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UC14: ML Algorithm

A ML algorithm developed by Inetum estimates residential consumption for the following 24 
hours by combining a Recurrent Neural Network (RNN) encoder and a Multilayer Perceptron 
(MLP)

The approach takes advantage of:
household energy profiles to learn the differences between the consumption patterns and 
characteristics of individual consumers.
And implements: 
a double clustering procedure to group households with similar energy profiles, leading to an 
encoding for each energy profile based on its distance from each cluster’s centroid.
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UC14: ML Algorithm

Some predictions for BIGG:



Information Classified as General

UC14: Status
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UC14: Data collecting-Ingestors

OPENDATA API BPC results in XML ( web app)

GitHub - Ingestor&Harmoniser CE3X Componenet- Published

Github- Ingestor&Harmoniser Opendata Componenet- Published 

https://github.com/BeeGroup-cimne/building_sources_implementation/tree/main/sources/CEEC3X
https://github.com/BeeGroup-cimne/building_sources_implementation/tree/main/sources/OpenData
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UC14: IoT Equipment 

Smart Meters: Consumption 
real- time monitoring

Smart Plugs: Consumption 
real-time monitoring of 
appliances attached to them

Smart Relay: 
• Consumption real-time 

monitoring of a specific phase 
in which a boiler is attached.

• Remote on off capability



Information Classified as General

UC14: User Interfaces

Smart Meter data: power, energy, voltage real- time monitoring + timeseries
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UC14: User Interfaces

Smart meter Relay + smart plug: power, energy, monitoring + timeseries
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UC14: User Recommendations

BIGG implementation:
shift consumption

outside peak times
1. Identify up to 2 hours with 

lowest RES : under P1
2. If only hour in P1, pick up an 

adjacent P2.
3. If not available adjacent, pick 

a P2 outside the 02:00 –
06:00 zone
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UC14: Conclusions

This UC demonstrated that the use of Bigg Data Model 4 Buildings to store and harmonize 
smart heating data to promote the delivery of Energy efficiency and DR services for the 
Electricity vector:

• Given the current and mid-term regulatory framework in Greece and the lack of DSO 
deployed smart-metering infrastructure, the focus of the electricity Use Case (UC14) is to 
make electricity consumption “greener” by shifting it towards time interval dominated by 
RES generation.



Information Classified as General

UC15: Flexibility potential of Residential 
consumers on Natural Gas
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UC15: Pilot setup

• 100 households equipped with legacy natural gas boilers are upgraded through the 

domx smart heating controller to enable the optimal management of space heating
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UC15: Infrastructure and data process
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UC15: User Interfaces

Smartphone application for the end consumers Portfolio Management dashboard for the energy supplier
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Energy efficiency trials have been executed over the
winters of 21’-22’ and 22’-23’:

○ 102 participating households
○ 31 + 40 households with valuable baseline
○ 239 + 277 baseline heating days

○ Up to 35% achieved savings
○ Average thermal comfort of 94%

Energy efficiency trials



Information Classified as General

Energy efficiency service

Real Adaptive Consumption per day + 12 Baseline days
over the entire heating season
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Energy efficiency service

Real Adaptive Consumption per day + 12 Baseline days
over the entire heating season

Real Adaptive + Simulated Baseline Consumption per day 
over the entire heating season
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Energy efficiency service

Home 13
Estimated Winter Savings

32.15%

CONFIDENTIAL
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Heatpump Management

DOMX developed a variant of the smart heating
controller to support the optimal management of
electrical heat pumps as well.

• Integration with multiple HP vendors, including:
• Midea, LG, Hitachi and others.

• Three pilot installations within BIGG, for testing the
integration with HPs of different vendors.

• All collected energy consumption and heating usage
data are fed to the:

• Domx Smartphone Appplication
• Domx Energy supplier’s dashboard
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Flexibility services are offered to the gas supplier during gas days
with:

○ high upward price and/or shortage of natural gas supply
○ => consumers need to reduce gas consumption

○ low downward price and/or excess of natural gas supply
○ => consumers need to increase gas consumption

○ while user comfort limits need to be constantly
guaranteed:
○ target temperature
○ min temperature increase rate limit

The supplier calculates the total imbalance and estimates the
amount of imbalance that cannot be corrected through bilateral
contracts, which is the target imbalance for the flexibility service.

Historical Gas imbalance prices dataset available

Flexibility service
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Example:

Buildings are 

heating as 

usual

Smart control to 

decrease 

consumption
Available energy throughput

Overconsumption:
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Control Strategy

0

Periodically (e.g., at midnight):

Train a reinforcement learning (RL) agent for 

each household (policy evaluation)

1

At DR-event:

Assess expected consumption based on recent 

past 12 hours & Calculate required power for 

next 15min (e.g., to stay within energy limit)

2 Rank the boilers by their highest expected gas 

savings, estimated with the RL agent, and 

taking comfort constraints into account

Continuously control the boilers, such that the 

power usage drops towards the target power:

Expected behavior:

3

Observed power
(oscillates around target power)

Baseline power is 

set at beginning of 

DR
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Monitoring approach

Closely monitor the power usage and dispatched control actions for each household

Which houses are the first 

ones to ‘turn off’ during a 

DR event?

Observe power reductions

Response level 0 = BaU

Level > 0: power increase

Level < 0: power decrease
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Gas DR events

Upwards DR event

Downwards DR event

Demand Response trials have been 
executed during February 23’:

○ 10 available households

○ 8 active participants

○ 80 DR events were executed, each
lasting for 10 minutes.



Information Classified as General

UC15: Conclusions

This UC demonstrated that the use of Bigg Data Model 4 Buildings to store and harmonize smart 
heating data to promote the delivery of Energy efficiency and DR services for the Natural Gas vector:

• Besides the lack of DSO deployed smart-metering infrastructure for Natural Gas (as in Electricity 
Use Case), Natural Gas Use Case (UC15) can utilize smart heating, gas consumption, weather and 
gas market data to achieve:
• energy and cost savings through load reduction
• monetary savings through participation in flexibility markets,
while respecting the user comfort levels.
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Ontology and AI Toolbox
Sampath Mukherjee

Data & AI Consul tant at  Inetum-Realdolmen

Edgar Alexis

Data Scient is t at  CIMNE
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Sensitivity: Company

Edgar Martínez (CIMNE)

Sampath Mukherjee (Inetum Realdolmen)

Brussels, 24 November 2023

BIGG Final Event

Ontology and AITB

Partners
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Sensitivity: Company

White Papers I & II published
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Sensitivity: Company

BIGG Data Harmonization layer
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Sensitivity: Company

BIGG Data Harmonization layer
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Sensitivity: Company

The Linked Data cycle
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Sensitivity: Company

BIGG Ontology
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Sensitivity: Company

BIGG Ontology: core
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Sensitivity: Company

BIGG Ontology: KPI extension
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Sensitivity: Company

✓ Conversion of data:

From JSON to RDF/Turtle format. 

BIGG Harmonizer

✓ Tool implemented in Python

❖ Main Features
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Sensitivity: Company

AITB: Artificial Intelligence Toolbox
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Sensitivity: Company

Why AI?: Shift from Conventional to ML

❑ Complexity of modern challenges
• Intricate interdependencies and nonlinear 

relationships

❑ Evolution of the information landscape
• Vast volumes of diverse and unstructured 

data

❑ Pace of change demands agile forecasting
• Adaptability of ML and AI tools

❑ Augmentation of human capabilities
• ML and AI sift through massive datasets
• Identifying subtle trends and generating 

predictions
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Sensitivity: Company

AITB development methodology
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Sensitivity: Company

AI Toolbox: what does it have?

The AITB (Artificial Intelligence for Building) is composed of four function blocks :
1.Data Preparation Modules:

1. Synchronize with initial data management stages
2. Includes quality assessments, outlier identification, calender and timestamp management

2.Data Transformation Modules:
1. Focus on data categorization and secondary dataset management
2. Incorporates elements like calendar and weather data

3.Modeling Modules:
1. Concentrate on constructing, evaluating, and testing data models
2. Fundamental for predictive analytics and decision support

4.Reinforcement Learning Modules:
1. Pertains to the creation and training of reinforcement learning agents
2. A specialized facet of machine learning for dynamic decision-making in building scenarios
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Sensitivity: Company

Reference Architecture
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Sensitivity: Company

Reference Architecture
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Sensitivity: Company

The BIGG toolbox within publicly available GitHub

• BIGG GitHub account: https://github.com/biggproject

• Documentation of the AI Toolbox: https://github.com/biggproject/biggdocs

• Python implementation of the AI Toolbox: https://github.com/biggproject/biggpy

• R implementation of the AI Toolbox: https://github.com/biggproject/biggr

https://github.com/biggproject
https://github.com/biggproject/biggdocs
https://github.com/biggproject/biggpy
https://github.com/biggproject/biggr


inetum.world

FRANCE | SPAIN | PORTUGAL | BELGIUM | SWITZERLAND | LUXEMBOURG | ENGLAND |  
POLAND | ROMANIA | MOROCCO | TUNISIA | SENEGAL | CÔTE D’IVOIRE | ANGOLA |  
CAMEROON | USA | BRAZIL | COLOMBIA | MEXICO | RP OF PANAMA | PERU | CHILI |  
COSTA RICA | DOMINICAN REPUBLIC | ARGENTINA | SINGAPORE | UAE
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Sensitivity: Company

Back up slides

footer
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Sensitivity: Company

BC1: Benchmarking and Energy Efficiency tracking in Public Building

Use case 1: Benchmarking and 
monitoring of energy consumption. 
Similar buildings comparisons and 
evaluation of changes in the consumption 
trends.

Use case 2: Energy Efficiency Measures 
(EEM) registration and evaluation.
Continuous registration and evaluation of 
the implementation of energy efficiency 
measures in buildings.

Benchmarking & building portfolio management
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Sensitivity: Company

BC2: Energy Certification (EPC) in Residential and Tertiary Buildings

Use case 3: Integration of INSPIRE spatial data with Energy Performance Certification (EPC).
Automating the integration of the INSPIRE data with the EPC input data for completing and 
cross- checking the information and improving the reliability of the services.
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Sensitivity: Company

UC 14: Electricity Demand response

UC 14: Electricity Demand Response: 
To forecast the electricity demand of the households. 24-48 Hour prediction.
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Sensitivity: Company

UC15: Gas Demand response

UC 15: Gas demand response: to develop a demand response (DR) scheme exploiting 
gas flexibility in space heating for residential complex.



Panel discussion

Katerina Papapostolou
Senior Research Associate, NTUA

ENERGATE

Dimitrios Rovas
Professor in Building Simulation and 

Optimisation, UCL
DigiBUILD

Daniele Antonucci
Senior Researcher, EURAC

MODERATE



Panel discussion

Could you briefly present the 
ontologies defined within your 
projects?



What actions did you take to make sure 
that you reuse existing standardized 
ontologies when possible, and to push our 
own developments towards Linked-data 
communities?



Panel discussion

Could you describe some use cases 
handled by your projects' ontologies?



#SmartEnergyCluster: 3 LIFE projects

Ioanna Andreaoulaki 
Electrical and Computer Engineer, 

NTUA
InEExS

Tomas Jezdinsky
Project manager,   

European Copper Institute
EU-MORE

Ioanna Makarouni 
Senior Researcher,      

NTUA
AUDIT-TO-MEASURE



Co-funded by the European Union under project ID101077033. Views and opinions expressed are however those of the author(s) only and do not 
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for 
them.

InEExS – Innovative Energy (Eff iciency)  Ser vice 

Models for  Sector Integrat ion via Blockchain

BIGG Final Event

24/11/2023 – Ioanna Andreoulaki (NTUA)  
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The InEExS project  Over view

Project coordinator: Institute for European Energy
and Climate Policy (IEECP)

The core concept of InEExS is the deployment of integrated energy

services across sectors and carriers, and the tokenisation of energy

saving data in a public blockchain to facilitate cooperation among market

segments and actors. InEExS improves the implementation of Energy

Efficiency Directive (EED) Article 7 and supports Obligated Parties to

provide integrated service offers that enable energy savings, system

efficiency and include non-energy benefits.



Objectives & Consortium 

Business models and 
contractual schemes for 

integrated energy 
services.

Rollout and replication 
of smart energy services

Deployment, 
assessment and 

validation of innovative 
technologies usage



BC1

Energy Performance 

Contracting with 

Pay4Performance 

guarantees (Berlin, 

Germany)

Real 

Estate

ESCO

EE reno-

vation

Energy 

Cooperative DSO
Smart 

meter

BC2

Improved self-

consumption of DER 

in Energy 

Cooperatives 

(Crevillent, Spain)

Technology 

Developer

Energy 

Supplier

Technology 

Developer

Energy 

Supplier

Smart 

Thermo-

stat

Gas 

Boiler

EV 

charger

Heat 

Pump

BC3

Energy efficiency and 

flexibility services for 

legacy natural gas 

boilers (5 Greek cities: 

Athens, Thessaloniki, 

Larisa, Trikala, Volos)

BC4

Smart energy 

management for EV 

chargers and 

electricity-based 

HVAC appliances

Business Cases

PV

PV

InEExS will test the innovative services, models and contracts in different EU states:



Blockchain platform and ser vices

Key innovative DLT technologies to

❖ setup the common medium of exchange between all engaged stakeholders

❖ enable the integration of different energy services and sectors.

❖ Blockchain platform: EW Chain

platform is the world’s first

opensource, enterprise blockchain

platform tailored to the needs of the

energy sector.

❖ Smart Contracts service: The

Smart Contracts generator for

bridging the physical contracts with

the digital world.

❖ Tokenization service: Allows token

holders to pay for decentralized

application services, by using the

Energy Web Token.



Expected impact  

22
Innovative services &

methods launched to 

the market

43
GWh/y primary 

energy savings 

m€ investments 

triggered by the 

business models

16

Stakeholders trained 

with increased skills on 

energy issues

1,000

Policy recommendations 

to support the adoption of 

directives covered under the 

Fit-for-55 package.

43



PARTNERS

Co-funded by the European Union under project ID101077033. Views and opinions expressed are however those of the author(s) only and do not 
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for 
them.



For more info, follow our hashtag, visit our website or 
contact us:

#InEExS

THANK YOU!

Co-funded by the European Union under project ID101077033. Views and opinions expressed are however those of the author(s) only and do not 
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for 
them.

https://ieecp.org/projects/ineexs/

iandreoulaki@epu.ntua.gr

https://ieecp.org/projects/ineexs/
mailto:iandreoulaki@epu.ntua.gr
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AUDIT TO MEASURE

124

Call LIFE-2021-Clean Energy 
Transition CET

Leading business 
towards climate 
neutrality by speeding 
up the uptake of 
energy efficiency 
measures from the 
energy audits

Duration: 3 years 
Start: November 2022

10 Partners from
6 EU MSs
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What the EC expects..

Targeted actions to support businesses, covering processes 
from energy audit to the implementation of Energy Efficiency 

measures.

Specialized actions for consulting 
and capacity development for 

companies’ staff."

Operational Support for the 
companies as a service

Increasing the implementation rate of the 
proposed measures for Energy Efficiency.

The challenge 

"A small percentage of 
the recommended 
measures from the 

energy audits is 
ultimately 

implemented”
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Pushing for the uptake of Energy Saving 
Measures proposed in energy audits

The challenge 

"A small percentage of 
the recommended 
measures from the 

energy audits is 
ultimately 

implemented”

• AUDIT-TO-MEASURE aims to develop and implement a new engagement 

strategy (“Audit2Action”) to put into action the energy saving opportunities 

emerging from energy audits. 

• This includes addressing barriers to the adoption of energy saving 

measures and developing a capacity building program to motivate 

decision-makers towards implementing measures for improving energy 

efficiency in companies.

• The project provides direct support to the business decision makers, 

increasing their interest and speeding-up the process of implementing the 

energy efficiency measures (EEMs) in their industries

• Tools, training  and direct assessment to companies to implement energy 

efficiency measures 

The support is free 
for the companies
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Audit2Measure 
methodology

Current auditing 
system

Barriers to the 
adoption of energy 

efficiency

Decision-making 
paths

Support and funding 
mechanisms

Benchmarking of 
energy saving 

measures

Impact assessment of 
energy saving 

measures

Energy Management 
Maturity Assessment

Laboratory of ideas 
for high-level 
management

Trainings for 
medium/low level 
management and 

auditors

Workshops for 
industrial 

associations

Direct support to 
companies in 

implementing energy 
saving measures

Replicability analysis 
in other MS

Knowledge Exchange 
Space

Guidelines for 
auditors

Guidelines for 
companies

Recommendations 
for policy makers

1

2

3

4

Status Quo
Analysis

Tools to overcome 
information 
barriers

Capacity Building 
Direct Support

Validation and 
evaluation of the 
strategy

A2A Strategy
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Timeline

Beginning 
of project

End of 
project

Feb 23

Jan 24

Apr 24

Oct 24

Oct 23

Nov 23

May 24

Oct 25

Sep 25

Questionnaires 
and interviews to 
companies

Report of barriers 
affecting the uptake 

of ESM in companies

Knowledge 
Exchange Space 
Launch

Capacity building 
in companies

Capacity building 
of other target 
groups

Intermediate 
dissemination 
conference

Monitoring of ESM 
implementation in 
businesses 

Policy 
recommendations 

report 

Final 
dissemination 

conference

A2A Strategy 
and Tools

Nov 22
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Impact

AUDIT-TO-MEASURE will 
facilitate the uptake of at least 
125 ESM directly in companies 
of the industrial sector in the 
EU (25 ESM in each country 
involved in Audit2Action).

Countries involved in Audit2Action: Spain, Italy, 
Greece, Netherlands, Germany, Czech Republic
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AUDIT2MEASURE project

• Improving energy audits  

• Getting direct support in technical, financial, legal aspects about EEM

• Being invited to participate in trainings

• Improving corporate culture towards greener objectives

• Knowledge Exchange Space for findings, ideas and experiences of EEM 

• Promotion of companies, disclosing their commitment to the environment 

and the reduction of CO2 emissions, through networking sessions

Benefits for 
the companies  
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State of 
the art

Audit2Action 
strategy

Capacity
building

Support
to

industries

Sustainability, 
replication & 
exploitation

1 
Analysis state 

of art of 
auditing 
system

2
Audit2Action 
strategy and 

tools 
development

Results so far

3
Capacity 
Building 

programme

4 
Direct Support 
to companies 

for EEM uptake

5
Dissemination,

stakeholders 
engagement, 
policy recom.

6
Sustainability, 
replication and 
exploitation of 
project results

• Report of state-of-the-art auditing system and ESM implementation
• Top management decision process
• Report of barriers affecting the uptake of ESM in companies
• Audit2Action Strategy
• ESM Assessment and A2M Database

AUDIT2MEASURE project

https://ieecp.org/wp-content/uploads/2023/07/A2M_D2.1_Status-of-Audit-Systems.pdf
https://ieecp.org/wp-content/uploads/2023/07/A2M_D2.2_Management-Decision-Process.pdf
https://ieecp.org/wp-content/uploads/2023/09/A2M_D2.3_Barriers-uptake-ESM.pdf
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More 
information 

online:
The A2M Database Assessment of Energy Management Maturity

ESM assessment and benchmarking

https://ieecp.org/wp-content/uploads/2023/09/A2M_D3.1_Audit-to-Action.pdf


Co-funded by the European Union under project ID 101075785. Views and 
opinions expressed are however those of the author(s) only and do not 
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European Union nor the granting authority can be held responsible for them.

Thank you.
For more info, visit our website or contact us:

#AUDIT2MEASURE

www.epu.ntua.gr

a2m@epu.ntua.gr

Dr Ioanna Makarouni
Electrical and Computer Engineer, MSc, PhD
Project Manager, Senior Research Associate (EDiP)
EPU-NTUA, Decision Support Systems Laboratory
School of Electrical and Computer Engineering
National Technical University of Athens
E-mail: imakar@epu.ntua.gr, www.epu.ntua.gr
Mob: 6976407195

AUDIT-TO-MEASURE website

mailto:imakar@epu.ntua.gr
https://ieecp.org/projects/audit-to-measure/
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LIFE project funded under grant agreement N° 101076631

Intro

This LIFE-Project aims to speed up replacement of old, inefficient electric motors in 
industry and the service sector. 

Electric motors tend to stay in service for 30 to 40 years, which is much longer than 
generally assumed. 

With swift action, this replacement rate could be improved. 

In the EU, replacing old motors faster would free up additional energy savings, on top of 
the savings potential of existing regulations, with all the associated benefits.

Project runtime (30 months) 2022-2025



LIFE project funded under grant agreement N° 101076631

EU-MORE project structure
WP6 – Sustainability, Replication and Exploitation of project results
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WP1 – Management

WP5 – Communication and capacity building

WP3

Knowledge

Exchange 

Platform

• WP1 involves project management and 
coordination

• WP2 will develop policies based on experiential 
analysis, identifying impacts, barriers, and best 
practices

• In WP3 all activities will be developed around 
peer-to-peer dialogue among stakeholders, 
structured and organised in the knowledge 
exchange platform

• WP4 will develop tools to calculate, monitor, 
evaluate, and report policy results

• WP5 covers project communication and 
dissemination

• and WP6 includes the projects Sustainability, 
Replication and Exploitation of results



LIFE project funded under grant agreement N° 101076631

EU-MORE project partners

• ISR – University of Coimbra

• ECI – European Copper Institute

• IEECP – Institute of European Energy and Climate Policy 

• AEA – Austrian Energy Agency

• CRES – Centre for Renewable Energy Sources and Saving

• Fraunhofer Institute for Systems and Innovation Research



LIFE project funded under grant agreement N° 101076631

What is the problem?

Electric motors > 50% of EU electricity consumption

A total of 8 billion motors in EU (1)

EU-MORE addresses motors > 0.75 kW representing a large share of the total consumption 

Swiss survey: 50% of the concerned motors are > 20 y old 

Figures for EU are lacking, but situation is expected to be similar

IE 2 / 3 / 4

IE 0 / 1
> 20 y

< 20 y



LIFE project funded under grant agreement N° 101076631

Motor Lifetime

The average lifetime of motors (including repairs) in previous EU studies have been estimated to be: 

1.0 – 7.5 kW: 12 years

7.5 – 75 kW: 15 years

75 – 250 kW: 20 years



LIFE project funded under grant agreement N° 101076631

Motor Lifetime

• In 2013 the Swiss Energy Agency S.A.F.E. 
assessed 4124 separate motor systems 
in 18 factories.

• The analysis shows that 56% of all 
motors and their respective systems 
were older than their expected 
operating lifetime (some were twice the 
expected age).

Source: Impact Energy, Switzerland, 2014



LIFE project funded under grant agreement N° 101076631

Motor Lifetime

Source: (DoE, 2021) US Motor System Market Assessment

The 2021 US MS Market Assessment 

found that the majority of motors is 

over 10 years old, even for small 
motors under 20hp

Age of industrial motor systems broken down by size 
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Electric motor market

• Motors sold by efficiency 

class (IE-code), 2005-

2021 (CEMEP data)
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Electric motor market

• Estimation of EU-27 

motor stock by efficiency 

class
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The opportunity: 100 TWh/year

Accelerated motor replacement: replacing old IE0/1/2 motors with new IE3 and above 

motors + motor system optimisation

has an estimated electricity savings potential of approximately 100 TWh/y in the 

EU-27, which represents:

55 average gas 
fired power plants 

electricity consumption 
of the Netherlands

30% of historic natural 
gas import from Russia 

25 Mton CO2



LIFE project funded under grant agreement N° 101076631

What is the opportunity?

Emissions reductions and key 
milestones in the industry 
sector in the NZE scenario 
relative to the STEPS, 2020-
2050

Industry requires a portfolio of technologies and 
measures to reach net zero emissions, such as 
energy and material efficiency, electrification, 
hydrogen and CCUS



LIFE project funded under grant agreement N° 101076631

Barriers to overcome

• A need for quick availability when a 
motor fails, and many sites have old 
motors in stock

• Lack of awareness about the co-benefits 
of energy efficient motors

• Motors are replaced without looking at 
the system, missing out on the full 
benefits

PRACTICAL BARRIERS IN INDUSTRY ECONOMIC BARRIERS IN INDUSTRY BARRIERS AT POLICY LEVEL

• Decisions made based on purchase cost 
instead of life cycle cost, because of 
split incentives

• Pay-back times of motor replacement 
are favourable, but not perceived as such 
because of ignorance or extreme 
expectations

• Focus on low hanging fruit only following 
EnEff audits in industry

• Lack of awareness on how to receive 
funding

• Mandatory EnEff policies only target new 
motors and lack a leverage for motor 
replacement

• A lack of data about motor ages in the EU
• A lack of insight in which policies work 

for accelerating motor renovation in 
industry

• False perception that life-times should 
be extended as long as possible in a 
circular economy, ignoring the full 
environmental balance



LIFE project funded under grant agreement N° 101076631

What needs to be done?

GATHER INSIGHT
DEVELOP STRATEGIES FOR 
ACCELERATING THE MOTOR 

RENOVATION RATE

MAXIMIZE THE ENERGY 
EFFICIENCY BENEFIT OF MOTOR 

RENOVATION

MAXIMIZE THE CIRCULARITY OF 
MOTORS

Gather data and develop a 
model. Use this for analysing 
different scenarios of policy 
implementations and their
outcomes in terms of energy 
savings and GHG emission
abatement.

Promote knowledge exchange. 
Propose appropriate policies 
aimed at improving the uptake 
of EE motors, coupled with
motor system optimisation. 
These can assist Member States
in achieving their EE targets.

Propose policies that stimulate 
system efficiency: proper motor 
sizing, variable speed drives, 
digital technology, …

Promote the use of recyclable, 
high value materials in motor 
manufacturing, and recover 
those materials at EoL, ensuring 
that motor renovation programs 
will contribute to the EU circular 
economy goals.

Modelling Knowledge exchange Policy developments Circularity promotion

What brings EU-MORE?
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This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-
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https://www.linkedin.com/company/eu-more/

www.eu-more.eu

https://lp.constantcontactpages.com/su/NKdN
DUK/EUMORE

Main contacts:
Project Coordinator: Joao Fong (ISR-UC),
joaofong@isr.uc.pt
Communication: Tomas Jezdinsky (ECI), 
tomas.jezdinsky@copperalliance.org
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R&D Program Manager - Inetum
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