bigg-project.eu

1BIGG

FINAL CONFERENCE

Data aggregation and harmonization
for a sustainable built environment

Inetum ( CSTB ([[D s i umec

d'Energia

Funded by the Horizon 2020
Framework Programme of the

iInluicy CORDIA ! domx N European Union



. IHIBIGG
Housekeeping rules B

All participants are automatically muted by the webinar
administrators

Y

% * 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 ( ) in the upcoming days


https://www.bigg-project.eu/
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.
The importance of data The world's most

valuable resource

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

* User Experience: Understanding occupant behavior >
and preferences allows for the customisation of spaces, o ——
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.

European
Commission




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

European
Commission




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




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.

European
Commission




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
6

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

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
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https://www.linkedin.com/company/cinea-european-climate-
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Our objectives

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

o

analytics toolbox l\ N ﬁr



Our pilots

and use cases
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EPC-based savings in
commercial buildings

HETEROGENEOUS DATA STREAMS

BIGG Standard Data
Model 4 Buildings

Energy certification in
residential, tertiary
buildings
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Optimizing buildings
for occupants

BIG DATA MANAGEMENT

BIGG Data Reference
Architecture 4 Buildings

Building life-cycle:
From planning to
renovation
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BIGG Data Analytics
Toolbox




15%

of buildings are
energy-inefficient

of buildings were
renovated in 2016

Context of the project

40%

of final energy is
consumed by the
construction sector

Decentralization and lack of
standardization of databases
is a key barrier for data

interoperability, analytics, and
data-driven decision making

Only 1%

buildings generate

massive data a solution is a standards-based

data model for buildings




Alignment and standardization

[l

Alignment to data sources Mapping to a data Alignment to an
of the platform dictionary ontology
Necessary to establish To associate the platform To map data relations
data exchange. terminology to a standard and hierarchies and fully
and facilitate future standardize the model.

harmonization.
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Expected impact 'GG

Core enabler of the BIGG Reference

Architecture concept
Implementation of Use Ca:ses using common Impact in
data meaning project scope

Open Semantic Data Model
for Buildings

Standard input for the BIGG Open Analytics
Toolbox

Enabling of an ecosystem of interoperable
tools in the Buildings domain

Impact in mid-
term

Contribution to standardization of
Buildings’ data




BIGG Partners 'GG
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Introduction to BIGG
Business Cases
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BC1: The seed of the project -

Generalitat de Catalunya m Generalitat de Catalunya

e 4,000+ buildings

e 14 government departments (ministries)

* Hundreds of energy efficiency measures implemented each year

W Institut Catala d’Energia




. IHBIGG
BC1: The seed of the project -

. MM\ Generalitat de Catalunya
Generalitat fje.CataIunya @ Institut Catala d’Energia
e 4,000+ buildings

e 14 government departments (ministries)
* Hundreds of energy efficiency measures implemented each year

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

weather data... U
* Hundreds of energy/building managers _
. Information
* Energy transition x
H Skilled workforce
Target



o o IHBIGG
BC1: Definition and objectives -

* 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

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.



BC1: Benchmarking and Energy Efficiency lq81GG
tracking in Public Building

Benchmarking & building portfolio management

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.



BC1: Input data processing
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Use case 1: Benchmarking and monitoring  15181GG
of energy consumption

My EEMs Supplies Energy Performance Certificate
Buildings
Ne of Buildings Device linked With EEMs With anatytics
17 16 9 3
Name Unique ID Department
Ports de la Generalitat v

+ Show more filters

BUILDINGS

Name Unique ID Area Use type Department

Generic(Ports de la Generalitat) FE245 0.00 Unknown Ports de la Generalitat aill
Port Arenys de Mar 06061 0.00  Port Building Ports de la Generalitat alll
Port Cases d Alcanar 11035 0.00 Port Building Ports de la Generalitat aill
Port de Blanes 06062 0.00  Port Building Ports de la Generalitat

Port de Cambrils 06063 0.00 Port Building Ports de la Generalitat alll
Port de I'Ametlla de Mar 06058 0.00  Port Building Ports de la Generalitat

Port de LAmpolla 06059 0.00  Port Building Ports de la Generalitat

Port de la Vilanova i la Geltrd 06066 154,532.00  Port Building Ports de la Generalitat il
Port de I'Escala 06064 0.00  Port Building Ports de la Generalitat all
Port de I'Estartit 06065 0.00 Port Building Ports de la Generalitat atll
Port de Llanga 06067 0.00  Port Building Ports de la Generalitat aill
Port del Port de la Selva 06069 0.00 Port Building Ports de la Generalitat aill
Port de Palamds 06068 0.00  Port Building Ports de la Generalitat il
Port de Roses 06070 0.00  Port Building Ports de la Generalitat all
Port de Sant Feliu de Guixols 06071 0.00  Port Building Ports de la Generalitat il
Port pesquer de Deltebre 05749 579.00  Port Building Ports de la Generalitat alll
Port Sant Carles Marina 06060 0.00 Port Building Ports de la Generalitat atll

Showing results since 1 to 17 of 17




Use case 1: Performance tracking

Grikcia, pas
08007 Bar

ona (Barcelona)

cost This graph compares all buildings stored in the system grouped by building use type.
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Use case 1: Benchmarking IHBIGG

Generalitat de Catalunya Vv . admi

My EEMs My devices Energy Performance Certificate
08205 - (Barcelona) I PERFORMANCE l SAVINGS _
ol Energy Use Intensity (EUI Total-Electricity Consumption)
EMISSIONS :

A e -
3 4 5 & 7 1’1 M 15 16 17 18 19 20 21 22

B you 10 11

Energy Use Intensity (EUI Total-Gas)




Use case 2: Energy Efficiency Measures HIBIGG
(EEM) registration and evaluation

My buildings Supplies

EEMs / NewEEM

New EEM - Unknown buildin
Recull de millores de sostenibilitat Energética any 20XX (EEM gathering tool). Institut Catala d'Energia (ICAEN) 9

Departament / Entitat | Departament de Cultura
* *
. Instal-lacié millorada Tipus de millora Tipus de millcra Filters Lighting Measure v EEM Types
Edifici (Espai) - Codi Ens (GPG) (NIVELL 1) (NIVELL 2) (NIVELL 3) yp
All use types v - Lighting Measure
v -- Lighting Indoor Measure
Arxiu Histdric de Girona - 02494 Millora de Fenvolupant de Fedifici Millores al sostre | coberta Impermeabilitzacio del sostre Lighting Indoor Measure gniing ;
Arxiu Historic de Lleida - 10404 Millora en condicit térmic i ACS Millora del sistema de refrigeracié  Millora del sistema de distribucié | emmaga --- Indoor Lighting Operational Optimization

Biblioteca - Edifici City Center - 00603 Millora d'aprofitament de I‘eneri\a renovable solar \d tallacié solar fotovoltaica Institut Catala d'Energia (I... * ~ - Indoor Occupancy Sensor Installation
NG GRG: Districte Publicl. ¢f Balmes 202, 08025 I Indoor Lighting Operational Optimization ¥

2 en condiconament fermic | ACS

Voo et k! o o s - Al ities - v Tipe e eien .
Ml degets ) Indoor Occupancy Sensor Installation S Indoor Occupancy Sensor Installation
Hora daproftament de Fenergia rencwable solar | stica
-- All provinces -- N Economic investment @ Investment Currency
Search . EUR T
Start work date @ Start operational date @
Filter Clear
dd-mm-yyyy ] dd-mm-yyyy ]
(FE255) Generic(Institut Catala o -
%
d'Energia (ICAEN)) oco element or zone affected

Comments and notes

o [se




. IMBIGG
Use case 2: BIGG solution results 2

7,000,000 € T

E12021 BH2022

6,000,000 €
5,000,000 € 1
4,000,000 €
3,000,000 €
2,000,000 €

1,000,000 € 1

A A A o o o o o o o o o

_€-




Conclusions

* Creation of a centralised data repository (including energy use, building data, EEM
information and weather conditions)

* |ntegration of analytical tools developed for BIGG = minimising the need of data
processing by energy managers

e 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)



Business Cases 2-3

Energy certification in residential and tertiary buildings
Building life-cycle - From planning to renovation

BIGG FINAL MEETING
24TH NOVEMBER 2023

Funded
Framewo




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

residential, 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.



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.



BC2: Pipeline

Ingestion and sotrage of External Data sources

Raw data
Multiple external sources in DB or standard file formats

e Mapping, harmonisation and (XML, XLS).

storage data with BIGG ontology

= l Each source has a customized ingest service (AP clisnts whan dealing with
DBs, file processors when dealing with files).
The ingestors developed in BIGG have been integrated into CIMNE's own
system code. They are not used as microservices.
For some sources it is necessary to launch injectors in the MapReduce paradigm
to distribute exacutions due to the large amount of data and slowness of api
responses.
Allinjectors will be oﬁenid as 0SS undsr MIT license.

Data Ingestors

|
| KAFKA |
E A 4
. m HARMONISED STORAGE
Mappers and Harmonisers
« Each data source has its own custom
mapper and harmenizer.
« Al our input and output data have ST Data Storage
Data Storage been harmonized in the BIGG data NEO4J TS Data Storage
HBASE model. HBASE

Some of the data sets directly use
the components developed in
BIGG, while in others parts of the
BIGG component code have been
integrated into the existing system
code.

« ALL custom code will be offered as
0SS under MIT license.




BC2: Infrastructure and data process

External Data Ingestion Harmonisation Storage Presentation
sources process process

Open DEL] . } "“ EEEEEEE =
—»| INGES | HARM | MAPPER
EPC @
CE3x EPC ~| INGES *| HARM | MAPPER } HARM BIGG
STORAGE
Catastral Info INGES | HARM | MAPPER } v

_, Kafka

process




BC2: Data collecting-Ingestors

OPENDATAAPI BPC results in XML ( web app)

About this Dataset

Updated

July 9,2023

BIGG Ul Web Form

New EPC - Building: AFA Rafael Farré

. Buiding selection *

) BIGG Platform

Generalitat de Catalunya

Dats Last Updated  Metadata Last Updated Aocki Glimistion miools | Agerua Rursl

July 9, 2023 July 9, 2023

Freqiiéncia dactualitzacié

Date Created
May 7, 2019 Frequéncia dactualizacié Setmanal

Idioma
Views Downloads

222K 4,499 fioma

certificados de eficiencia energética de edificios
Data Provided by Dataset L, e Upiant Time Pracvand Trne
epartament dAccid Climatica et Certificates of energetic efficiency of buildings

Departament dAccid Climét o ertificates of energetic fficiency of building 0 cARA [Peperp— NSV

Alimentaci | Age Dades wvoex R A

Obertes

Contact Dataset Owner

geogrifica

Informacié de génere o sexe

nformacit de génere o sexe No aplica

Show More

What's in this Dataset?

Rows Columns Each rowisa

1.44M 69 Certificat



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

BC2: BIGG Ontology

Extensions / \

Core
Renovation Projects IFC
Organization-Building
Tariff and Emissions EPC
N Building Elements Building Devices
KPI >
/

\/




BC2: BIGG Ontology

bigg:EnergyPerformanceCertificate Addifionalinfo

bigg:Building libi;-;:hasEPc—pi bigg-EnergyPerformanceCertificate '—:-gg:'las.ﬂ-ddimnall'lf
bigg:EnergyPerformanceCertificate bigg-EnergyPerformanceCertificateAdditionalinfo

string bigg:building TechnicallnspectionCode: string

racedureType: string bigy constructionRegulation- string

bigg

bigg energyPerfarmanceCerlificateCertficationTool: stiing biggeleciricVehicleChargerPresence: boolean

bigg-biomassSystemPresence: boolean

bigg:energyPerformance CerfficateClass: string

bigg: EEMKeyPerformancelndicator

‘ bigg:Eui dlr‘gKe,'F'err:JrrnanceIr‘dlcalor
riificateC
bigg geothermalSystemPresence: boslean

bigg i
\ / string
bigg:ModelType
bigg. g OfC : date bigg:districtHeatingOrCoolingConnection: boclean
bigg-solarThermalSystemPresence: boolean

blgg KeyPerformancelndicator bigg haskPIT ,'pe_’| bigg:KPIType
bigg:er date
bigg: qu niifieskE] bigg:MeasurementUinit bigg:hasModelType bigg: CO2EmissionsClass: String bigg solarPVSystemPresence: boslean
| bigg:-haskPIUnit bigg-annualCOZEmissions: fioat bigg-averageFacadeTransmittance: float
| bigg:TimeSeriaslList |<l—| bigg-KPlAssessment iggisEstimatedByMadel hjl bigg-AnalyficalMode! l—){bigg:h‘odelsm'age nirastructure bigg annualEnergycost faal biog averageiindonsTranamitance. ot
A bigg-hasModelStorageinfrastructure bigg annualPrimaryEnergyGonsumption: float bigg i i float
alueForf float

bigg-annualFinalEnergyConsumption: float

| bigg-AggregationFunction |‘r\

bigglightingCO2EmissionsClass: string

bigg-hasAggregatedkPIFain nigg:AgoregatedkPlAssessment | bigg:SingleKPlAssezzment l_higg' hasSinglerFPo ,,l[—)-i bigg: SinglekPlAssessmentPoint
bigg:annualLightingC O2Emissions: float

I:igg :F\ggrega:edxmssessmeqmoimldr/
bigg:lightingPrimaryEnergyClass: string

bigg lightingPrimary Energy Consumption: float

bigg-hasAggregationFunction

bipg-assessesAggregatedkP| bigg:assessesSinglakP

bigg:KPICalculationltem H bigg:hasAnalyticalModel

bigg:AnalyticalGroup

biggrgroupsFordnalytics

bigg:haskKP(

bigg: TimeSeresPoint | | bigg-Building | | bigg: EnergyEfficiencyMeasure




BC2: BIGG H

armonisation

Locationinfo
Origin

adre_a
NUMErg
codi_postal
longitud
latitud
nom_provinga

poblacio

Building
Crigin

any_construccio

Cadastralinfo

Origin

referencia_cadastral

metres_cadastre

Harmonization
addressStreetMame
addressstrestMumber
addressPostal Code
addressLongitude
addressLatitude
hasAddressProvince

hasAddressCity

Harmonization

buildingConstructionYear

Harmonization

landArea

landCadastralReference

EnergyPerformanceCertificate

Origin
num_cas
qualificaci_de_consum_d
qualificacio_d_emissions

emissions_de_co2

cost_anual_aproximat_d_energia

consum_d_energia_final
eina_de_certificacio
emissions_refrigeraci
qualificaci_emissions_1
emissions_calefacci
qualificaci_emissicns
enissions_acs
qgualificaci_emissicns_acs
emissions_enllurnenament
qualificaci_emissions_2
qualificaci_energia_acs

qualificaci_energia_1

qualificaci_energia_calefacd_1

motiu_de_|a_certificacio

motiu_de_|la_certificacio

Harmonization
Crigin
energyPerformanceCertificateReferenceNumber
vehicle_electric
energyPerformanceCertificateClass

salar_termica
CO2EmissionsClass

- solar_fotovoltaica
annualCO2Emissions

sisterna_biomassa
annualEnergyCost

annualFinalEnergyConsumption ¥ania_districte

energyPerformanceCertificateCertificationToo energia_geotermica

annualCoolingCO2Emissions valor_finestres
coolingCO2EmissionsClass valor_aillaments
annualHeatingCO2Emissions

heatingCO2EmissionsClass

annualHotWaterCOZEmissions

hotWaterCOZEmissionsClass

annualLightingCO2Emissions

ightingCO2EmissionsClass

hotWaterPrimaryEnergyClass

ightingPrimaryEnergyClass

heatingEnergyDemandClass

energyPerformanceCertificateCertificationMotivation

energyPerformanceCertificate CertificationMotivation

EnergyPerformanceCertificate Additionallnfo

Harmonization
electricViehicleChargerPresence
salarThermal SystemPresence
solarPVSystemPresence
biomassSystemPresence
districtHeatingOrCoolingConnection
geothermalSystemPresence
averageWindows Transmittance

averageFacadeTransmittance



https://github.com/BeeGroup-cimne/building_sources_implementation/tree/main/sources/OpenData
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HIBIGG
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.




SPIRE geo-spatial link

INSPIRE Services of Cadastral

Cartography

Cepersl Jirestarate for Cadastie

What are the municipalities of

Catalonia and its geometries?

AU name

AU level

AU polygon

“Badalona”

“Barcelona”

gu:ALADM3

gu:ALADM3

“MULTIPOLYGON (((2.211 11471,
221111472, ... )))" " “geosp:wkt Literal
"MULTIPOLYGON (((2.072 41411,
207311411, ... )" “geosp:wktLiteral

7

What are the coordinates - <
of all addresses withina =
postal code? &% L4

/ Y
= o, e i
F ¢ GRS

—7

What are the GFA of the buildings
within a postal code?

BU cadastral referonce BU GFA value BU CGFA unit

BU footprint polygon

“LTMT0SDE3S23D T "xulfloat  qudt-u:M2

06251 TDIF2896(™ 287 "xudklloat  gqudt-u:M2

TOLYCGON ((2.1945

11,3977,

2196 )M

goospriwkt Literad

“POLYCON ((2.1503
11.4229, 21503 ..))°
goosprwkt Literal

Where are the worst
performing building spaces per
building in a year within a
postal code?

41388
41386
41384
a2y A
a3e0 {1

41378

L

“ @ 2267 1679

167.96, 258.30
25830, 934.85
T @ 93485402955

2170 2172 2174 2176 2178 2180

CP eadistral reference AD stroot naune

AD street  AD postal

AD coordinates

number conde
.y I > - T
“G195911DF3860E" ‘CL CARLES I *55" 08917 DOINT (23567 41.4009)
goospewktLiteral
sarve) = “Cl. MIQUEL ... LN “POINT (22395 41.4463)°
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UC3: INSPIRE geo-spatial link
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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



HIBIGG

UC4: Level(s) link

Macro-objective Indicator ~ BiggKPlharmonised

1: Greenhouse gas and air pollutant 1.1 Use stage energy performance bigg:KPI-EnergyUselntensity
emissions along a building’s life cycle 1.2 Life cycle Global Warming Potential bigg:KPI-EnergyEmissionsIntensity
2.1 Bill of quantities, materials and lifespans bigg:KPI-AmountOfMaterialsintensity
bigg:KPI-AmountOfMaterialsInertintensity, bigg:KPI-
2. Resource efficient and circular 2.2 Construction & demolition waste and materials AmountOfMaterialsNonHazardIntensity, bigg:KPI-
material life cycles AmountOfMaterialsHazardouslIntensity
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-WaterConsumptionlntensity
4.1 Indoor air quality bigg:KPI-CO2IndoorAir, bigg:KPI-HRIndoorAir
4 [ i e e 4.2 T.ime.outside ?f thermal comfort range bigg:KPI-O.utO.fThermaIRa nge
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. Adaptation and resilience to climate ) ) i
LHG 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))
B T T G Ga A 6.1 Life cycle cc?sts - bigg:KPI-LifeCYcIeCosts .
6.2 Value creation and risk exposure Level 1 checklist (under development in Level(s))


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

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) KPls are ready
 The Bigg Data model 4 Buildings is ready to store the BPC data.




BC3: Building Life-Cycle: From Buiinglfecyl: From
Planning to Renovation a)

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



BC3: Pipeline

Mapping, harmonisation and

Ingestion and sofrage of :
storage data with BIGG ontology

Raw data

External Data sources

Multiple extemal sources in D8 or standard file fomats
(XML, LS}

Prasent hammanised
resulis to final users

= CIMME Wl - Dev in BIGG

« Userintedzce developed to meet the needs of diffzrent
8IGGE UCs

» The CIMNE user interface will be offered as 053 under
MIT licence.

= = Esch zources has 3 customized ingest service (4P| clisnts when dealing with
E DBz, file pracessors when dealing with files).
'g = The ingestors developed in BIGS have besn integrated into CIMME's own
= systern code. They are not usad 35 rmicrosenvices.
= = For soms sources it is necessary to lsunch injsctars in the MapReduce paradigm .
n to distribute executions due to the large amount of data and slowness of api + APl Client to cannect TS DB
] pp— « Query to 5T DB
« Alinjzctors will be offered 35 055 under M|T licenze.
G — -
' KAFKA '
]
- - - -
Id W STORAGE ™y . i { HARMONISED STORAGE A T
| Mappers and Harmonisers
= gwn cusiom
mapper and b =
- Al our mput and output data have ST D=ta Storage
Data Storsgs bean harmenized in the BIGS dats NET4) TS Data Storage
HBASE riodel. HBASE
+ Some of the dsta s=t= dirsctly uss
\ | the companents developed in Y /-'
o, _/ 3, while in athers parts of the - -

component cods have been

integrated into the sxisting system
code.

ALL custom codz will be offered as
Q55 under MIT icense.

*




BC3: Input data integration

— HARM MAPPER CMMS

HARM MAPPER BIS/BIM
BvS_2 NSNS HARM BIGG .
STORAGE

— HARM MAPPER

BMS_3

— — HARM MAPPER

A
\

877 Buildings
36402 Building Zones

70857 Building Assets
601933 Work Orders

224512 Remote control registers




UCS5: Bullding Systems integration

877 Buildings
36402 Building Zones

70857 Building Assets
601933 Work Orders

224512 Remote control registers




UCS5: Bullding Systems integration

B u i I d i n g ZO n eS , E I e m e nts : My EEMs Supplies Energy Performance Certificate

Buildings /
Filters & C/ Avinguda dels Paisos Catalans
178000 - (-)
(CAP-03635) CAP Blanes 2
ICAR-OTALZ) CAP Calafell Building info Location info
4) CAP Caldes de
Organization #Id: HOG-07396 Climate zone: -

BUIldlng spaces info Cpening/Closing hours: -/- Coordinates (long, lat): 2.46829 , 42.18723
if) Cap type: Hospital Address: Avinguda dels Paisos Catalans , 86 -
nal uction year: - 17800.0 Olot )

Select building space Building space: 0) CAP Can Serra
0} CAP Canyado Cadastral references:
© Building - @ Aress  YUPOD @ciements 2
4) CAP Cardedeu
© Planta 1 1) CAP Castells
5
© Nuch Central i i i
Nuch Centra . Ligthning Electric Power 5) cap Conells .
o A - #) CAP Concérdia
Area Name Date Description Type Gamma v
d'U'ger‘Cl‘?S Building spaces info
M21/24283 2021-06-29 Llum Correctiu BAIXA
- . Select building Building space:
o Consulta 4 00:00:00 ENSIO T S
©  Building - 1 areas ¥ UPod @ Energy Efficiency Measures & Elements
o Bloc M21/24283  2021-06-29 Llum Correctiv BAIXA o Planta 1
00:00:00 TENS
Q.HLngC 00:00:00 ENSIO & MNucli Central . Plugs Electric Power
o Ares Name Date Description  Type Gamma
Q Qnrc“ar‘ 4 d'Urgéncies o i
M21/24384  2021-06-30 Endolls Comectiu  BAIXA
v o Consulta 4 00:00:00 TENSIO
-
9 Planta 2 o Bloc M21/24284  2021-06-30  Endolls Corectiu BAXA
rirgi 00:00:00 TENSIO
uirirgic
e Quirdfan 4
o Planta? v

This project has received funding from the Eurpean Uion's
Hoxizon 2020 Research and Irnovation program uncer Grant

About 1l | Privacy Policy | Terms of Llse RIGG & 2023 Version v3.2.0




UC7 — Interoperability with DEEP
——T]

My buildings Supplies Energy Performance Certificate
EEMs
N of EEMs Total investment (m€) Registerad this year Total investment this year{m€)
972 13.582 357 346

EEM reg istered T!-'I_JE - Building Investment (From) Investment (Ta)

=+ Show more filters

EEMs [ Neweewm |

Energy efficiency

measure Building name Department Investment Operational Start work  Creat. work

Indecr Relamp To LED CGG Joan Valera Departament de Drets 3,963.34 EUR 15/07/2021  28/06/2021 1471172022 .l
Socials

ndoor Relamp To LED UGG Balaguer - CR Urgell 5 Departament de Crets 1,704.73 EUR 25/06,2021 4/06/2021 147112022 Ll
Secials

Solar Photovoltaic CHV Hespital Universitari de Vic Consorci Hospitalar de Vic 430,708.00 EUR 15/11/2022  01/09/2022 1611172022 .l

Installation

Other Hot Water Fina Ci5G Horta - CR Tolra 21 Departament de Drets 864.07 EUR. 2700472021 2000442021 161172022 Ll

Elements Measure Socials

Other Indoor Technica Casal Civic Sabadell- Creu de Barberd Departament de Drets 4.000.00 EUR 4/08/2021  21/07/2021 1712022 Ll

Optimization Socials

Cooling Control Measure  Edifici Princesa Departament d Accid 3,18846 EUR 29/12/2021  01/01/72021  23/1172022 Ll

Exterior | Govern Obert
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UC7 — Interoperability with DEEP

DEEP EXPORT FILE

C D £ : = H 1

A ]
fl  Simple data entry

z About Tou, the data provider Coloring
3 Tour Bame Ezzeatial Drop down boxes Hide column comments |

Tour cmail address Confidential Dionble clich eellz For
r multipls =election
5 Xour telephone number [ Esseatial and Confidential DE-RISKING ENERGY
. Your orgasization CENCAT ET 00000000 | Show column comments |

What iz the natare of your - EFFICIENCY PLATFOR
. orgasisation? other [please specify)
3 Project Where is the investment located? | e Sector Indicators —————--
w {1 [2) [3) (3] (12) [13) [14) {16) LLLH]

Project ID Project Titl] Count Ciryllocality Iz the investment in 3 building, in industry, or in Induztry SectorfOrganization type Orgamization size Dwaership Floaor area of

ry infrastructure? building
-2
1z ES Santa Coloma de Gramenet Building Public administration and defence Health care §9550,35 ElectricPowerSystemMeasure ElectricEquipr
ES Lleida Building Public administration and defence Public buildings 6.491,17  LightingMeasure LightingindoorMeasure Inc
1 ES Gava Building Public administration and defence Health care 439300 BuildingFahricMeasure DoorshMeasure Dooi
15 ES el Prat de Llchregat Building Public administration and defence Health care - ManagementMeasure BuildingEnergyManag
16 ES Barcelona Building Public administration and defence Health care 5.248,01  ElectricPowerSystemMeasure ElectricEquipr
7 ES el Prat de Llobregat Building Public administration and defence Health care - HYACAndHotW aterMeasure HotWaterSysten
1= ES el Prat de Llobregat Building Fublic administration and defence Health care - ElectricPowerSystemMeasure ElectricEquipr
1= ES sant Lloreng Savall Building Public administration and defence Health care 9.896,25  HvACAndHotWaterMeasure CombinedHeatil
m ES el Prat de Llobregat Building Public administration and defence Public buildings 4.321,00 BuildingFahricMeasure Windowheasure W
21 ES Mollerussa Building Fublic administration and defence Health care 491160 ElectricPowerSystemMeasure ElectricEquipr
z ES Madra d'Ebre Building Public administration and defence Health care 466444  ElectricPowerSystemMeasure ElectricEquipr
- ES Tortosa Building Public administration and defence Office buildings 137118 ManagementMeasure BuildingEnergyManag
24 ES I'Hospitalet de Llobregat Building Fublic administration and defence Industry 3517,53 ManagementMeasure BuildingEnergyManag
> ES  Tarragona Building Public administration and defence Office buildings 799,89 ManagementMeasure BuildingEnergyManag
2% ES Valls Building Public administration and defence Office buildings 272900 HVACAndHotWaterMeasure CoolingSystemh
a7 ES Barcelona Building Fublic administration and defence Office buildings 1217175  LightingMeasure LightinglndoorMeasure Inc
22 ES  Abrera Building Public administration and defence 2.370,10 ManagementMeasure BuildingEnergyManag
™ ES Barcelona Building Public administration and defence Office buildings 19.633,95 HVACAndHotWaterMeasure CoolingSystemn
; ES Barcelona Building Fublic administration and defence Public buildings 927,00 HVACAndHotWaterMeasure CombinedHeati
31 ES  Arenys de Mar Building Public administration and defence Public buildings - RenewableGenerationMeasure SolarPhotow
Evl ES Granollers Building Public administration and defence Public buildings 1.076,00 LightingMeasure LightinglndoorMeasure Inc
o ES el Prat de Llobregat Building Public administration and defence Public buildings 508,00 HVACAndHotWaterMeasure CombinedHeati
34 ES Blanes Building Public administration and defence Health care 1.156,25 HWVACAndHotWaterMeasure CombinedHeatil
a5 ES Sant Cugat del vallés Building Public administration and defence Office buildings 28.774,70 HVACAndHotWaterMeasure CoolingSystemh
36 ES Tarrega Building Public administration and defence Public buildings 1.636,00 HVACAndHotWaterMeasure CoolingSystem
37 ES Sant Adria de Besos Building Public administration and defence Educational buildings 189700 HvACAndHotWaterMeasure HeatingSystem
ES Ripall Building Public administration and defence Public buildings - HYACAndHotW aterMeasure HeatingSystem

ES les Borges Blanques Building Public administration and defence Public buildings 461,62  ManagementMeasure BuildingEnergyMana
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UC7 — Interoperability withEUBSO

Settings nfraestructu-es ol . admin

hty buildings Wy EEM = Supplics

EPC=
ME of [MC's: 1453256

E P C I m po rted Building name Certificate Class Certificate Date Upload Date

Ol uines vel Depailamenl dz Temilmi | Soslenibillal fedific hesllé) O 2503201 127062023
Serveis Torritorials de Trobal C LR 200 1ZMAF073
CEE Sant Jozn de la Creu C 157072022 127052023
Of cincs e la Sindicatuo de Comptos, de PAutositat Catalana dele C (FOFP05] 12RO
Competzncia i d21 Servei Catald ce Transit

Viver Forestal Bruguercs & 264072021 12,/05/2023
Flenc I03T - Aiguamn 1t de Fmponda F T R 127062023
Inslitul L'Asra C (PR 12/05/2083
Edfd Portal de Sarta Madrona E 11/03/2022 12/0652023
Insbitul LA sira C 26032023 12/05,2023
Ed o Portal de Sarta Madrona C LTI Ny 12/0652023
Escola de Capacitacid &grariz del Solsonés E 12172022 12/06/e023
Complex Yenitencier Can 3rianz 11 Can Brians 2 DM Can Duran £ F 23/05,/2220 RN

{1 Inc de 1z Kala [ N1 A 12/06/023




UC7 - EUBSO (ex. Data fields)

Construction period EPC label x Energy system Technology Energy carrier

0- 1945 A 02 Heating District heating _ Heat Locationinfo » EnergyPerformanceCertificate 4
1945-1969 B 26-50 Heating Boiler Electricity C
1570-1979 c 5175 Heating Boiler Natural gas Cadastralinfo »
1980- 1989 D 76-100 Heating Boiler oil Origin Harmonization Origin Harmonization
Solid fossil f o Sedorman
num_cas energyPerformanc
1990- 1999 E 101-150 Heating Boiler fuels adre_a addressSereetName Origin Harmonization <3 9y arma
2000- 2010 F 151-200 Heating Boiler Renewables = < i =
- == rencia_cadastral |andCadastralReferance qualificaci_de_consum_d energyPerformanceCertificateClass
2011 - now /] 6 | |201-250 Heating Heat pump Electricity numero addressSireatNumber =
251-300 Heating Other Blectricity - " A qualificacio_d_emissions CO2EmissionsClass
EPC trigger 301-350 Heating Other Natural gas codi_post addressPostalCode SHEUTRL. CACRSTE Inc e
Single-family buildings Construction 351-400 Heating Other ail emissions_de_co2
Solid fossil longitud addressLongitude —— -
Multi-family buildings Transferof ownership 401-450 Heating Other fuels BUlldmg & costanual_sproximat d_energia annualEnergyCost
Appartment buildings Renovation 451-500 Heating Other Renewahles atitud addressLatitude
Educational buildings Cther | |501-600 Cooling District cooling Heat Origin Harmonization consum_d_gnergia_final annualfinalEnergyConsumption
Health buildings 501-700 Cooling Heat pump Electricity nom_provincia hasAddressProvince
Hotelsand Restaurants Building energy status 701-800 Cooling Other Any 2ny_construccio bu‘Idwr\gic'st'u:mon"es‘ emna_de_certficado energy PerformanceCertificateCentificationTool
Offices NZEB 801-900 DHW Solar thermal panel Renewables pobladio hasAddressCiny
S . . i CO2E .
Trade buildings Not NZEB | |s01-1000 DHW Boiler Electricity EMISTONI_IEXIGersC ANAUBILONINGLOSmassions
Other non-reside ntial buildings - - ==1001 | DHW Boiler Natural gas aqualificaci_ emissions_1 coolinaCO issionsClass
Building GHG emission stat DHW Boiler oil - - - =
: Solid fossil EnergyPerformanceCertificateAdditionalinfo . iiont cdehed annualHestingCOREmissions
owners hip Zero-emission DHW Boiler fuels
Public buildings Mot zero-emission DHW Boiler Renewshles . - COEmiccinner
4 = s - qualificaci_emissions heatingCOZEmissionsClase
Private buildings ) DHW Heat pump Electricity Origin Harmonization
L 5 G TS DEW, S Ay, E annualHotWaterCO2Emissions
Adequate Electricity productiol Soler PV panels Renewables Venicie_elsding electricVehicleChargerPresence
Owners Inadequate 1 Electricity productior Other Any y qualificaci_emissions_acs hotWaterCO2EmissionsClass
Tenants J solar_termica solarThermalSystemPresence
Building occupancy emissions_snllumenament annualLightingCO
Building protection Primary residence solar_fotovoltaica solarPV 3'). stemPresence
Protected Secondary residence qualificaci_emissions_2 ightingCO2EmissionsClass
Not protected 4 Vacent /| sistema_biomassa ystemPrezence = =
qualificaci_energia_scs hotWaterPrimarysnergyClass
Type of financing Renovation depth wara_districts ction . . .
Owner's contribution Light SRR qualificaci_energia_ ighting®rimaryEnergyCl
Private loan Medium energis_gsotermica sothermalSystemPresence lific ner calefscc +inas: yvDemandClass
Public loan Deep ENergia_geo < geothermaloyst sence qualificaci_ensrgia_calefacc 1 heatingEnergyDemandClass
i
Public grant d valor_finestres averageWindowsTransmittance motiu_de_la_certficacio energyPerformanceCenificateCertification)

Measuring and control motiu_de_la_certificacio

valor ai . £oradaTrancmise. rtificateCertificationMotivation
'With smart meters valor_sillaments ageFacadeTransmittance - victv

'Without smart meters




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)
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Business Case 4 - solution provided MIGG

Energy Performance Contract-based savings in commercial buildings

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).

22/11/2021 BIGG — BC4 & BC5




Business Case 4 — direct application IBIGG

Energy Performance Contract-based savings in commercial buildings

: - Consumption actual vs target B M. o=

M&V Electricity +
Gas

a0k
EPC contract start date: 13 Mar 2018 |\ /¥\ /\\
| |,4|| || _ll I1h. _;.Il
Target
ws

* Tested on 3 pilot ENPCs (2 at Cordia, 1 at Helexia)

,,,,,,,,
EPC contract end date: 01 Jan 2029

,,,,, 19,266,899 kwh

Malus
® Bon . uihn . uormil Consumpti QIED) vs Savings Target Act.

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

Savings: actual vs target Cumulated savings: actual vs target

wings target percentage (contract)
9
. .|||||||II|| Acare e o

75 %

vs Savings Target Percentage Act.

Target Savings @ Actual Savings Target Savings @ Actual Savings

Base fee (total over period)

212,244 ¢

Adjusted fee

Regularisation @ Basefee @ Savings Target Savings

helex1a 10/11/2022 BIGG — BC4 & BC5 .EDEPGIS




Business Case 5 — Comfort case
LARGE COMMERCIAL Building (ATHENS)
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Business Case 5 — solution provided IMHBIGG

Buildings for occupants: Comfort case

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 b

Optimisation using occupancy forecasts adds occupancy to the optimization logic. In optimum conditions,
thermal conditions of a building should adapt to its occupancy. FFF Y
A forecasted occupancy allow thermal conditions to be adjusted proactively.

Optimisation using price forecasts

M 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

22/11/2021 BIGG — BC4 & BC5



Business Case 5 — direct application

Buildings for occupants: Comfort case

HIBIGG

= Consumption actual vs target

M&V BC5 Winter ' - :
iNgs target (contract)
24,132 kwh

Scenario

EPC contract start date:
Achleved savings
EPC contract end date: 36,
et Baseline @ Consumption [ -52.76% ] vsmnrgtm.

Savings: actual vs target £ de : = Cumulated savings: actual vs target

Savings target percentage (contract)

10 %

15 %

XD vs savings Target Percentage Act.

........... ® Actual Savings Target Savings @ Actual Savi

do (Guest) (Invité)

hele ia 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

=) .
(EnerGis



Business Case 6

Technical Developments
and User Interfaces

BIGG FINAL MEETING
24TH NOVEMBER 2023

s o~ S T

Funded by the Horizon 2020
Framework Programme of the
European Union




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.



HIBIGG
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.



HIBIGG

UC14: Flexibility potential of Residential
consumers on Electricity




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.

13.10

) U

HERON R&D

MEIQXTE TO ENEPIEIAKO XAX
AMNOTYMNQMA! AY MPOTEINOYME
MEIQZH KATANAAQZHE THN
MEPIOAO 02:00-04:00, AOrQ
XAMHAHZ MAPArQrHx AriE.

Thursday 1

MEIQXTE TO ENEPIEIAKO AL
AMOTYMNQMA! AL NMPOTEINOYME
MEIQZH KATANAAQXHE THN
MEPIOAO 00:00-02:00, AOI'Q
XAMHAHEZ MAPArQrHz AMe.

MEIQXTE TO ENEPTEIAKO ZAY
AMOTYMNQMA! ZAZ MPOTEINOYME
MEIQXH KATANAAQEHY THN
MEPIOAO 17:00-19:00, AOT'Q
XAMHAHZ NAPArQIrHX ArE.

MEIQZTE TO ENEPIEIAKO AL
AMOTYMNQMA! XAY. MPOTEINOYME
MEIQXH KATANAAQIHY THN
MEPIOAO 22:00-00:00, AOIQ
XAMHAHZ MAPAIFQrHX ArE.



UC14: Green Tariff

Each afternoon, Inetum calculates a dynamic 15P3 Green Tarift
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 11
Load and RES generation from the Integrated A R
Scheduling Programming (ISP) provided by the TSO. T nmEmEmEmEmER R a
* The ISP is carried out by TSOs that use Central ISP3 Green Tariff
Dispatch Systems. The process aims at covering the
forecasted generation/demand imbalances and
procuring the required reserves.
e |SPis executed at three scheduled times for each

Dispatch Day defining also the timeline of the service  + 2 = &« 5 6 7 & 5 101 12 13 14 15 16 17 155 20 2 2 2

3 4 5 6 7pEESel0omllml?mlzmidwl5Sml6 w17 w18 m1o@20 m21 m22 m23




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) r’ \

«| Past 24H or 1-week
g consumption ‘
\.
( ™ I
Energy consumption Deep learning model for
data for individual Energy profiles > »| hourly energy demand
houses forecasting
- / -
¥ ¥
4 A e
Prediction for indiviudal
; L
Double clustering households at time slott}
The approach takes advantage of: p L

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:
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UC14: Status

Ingestion and sotrage of External Data sources

Raw data
Multiple external sources in DB or standard file formats

e Mapping, harmonisation and (XML, XLS).

storage data with BIGG ontology

= l Each source has a customized ingest service (AP clisnts whan dealing with
DBs, file processors when dealing with files).
The ingestors developed in BIGG have been integrated into CIMNE's own
system code. They are not used as microservices.
For some sources it is necessary to launch injectors in the MapReduce paradigm
to distribute exacutions due to the large amount of data and slowness of api
responses.
Allinjectors will be oﬁenid as 0SS undsr MIT license.

Data Ingestors

|
| KAFKA |
E A 4
. m HARMONISED STORAGE
Mappers and Harmonisers
« Each data source has its own custom
mapper and harmenizer.
« Al our input and output data have ST Data Storage
Data Storage been harmonized in the BIGG data NEO4J TS Data Storage
HBASE model. HBASE

Some of the data sets directly use
the components developed in
BIGG, while in others parts of the
BIGG component code have been
integrated into the existing system
code.

« ALL custom code will be offered as
0SS under MIT license.




C14: Data collecting-Ingestors

OPENDATAAPI BPC results in XML ( web app)

About this Dataset

Updated

July 9,2023

BIGG Ul Web Form

New EPC - Building: AFA Rafael Farré

. Buiding selection *

) BIGG Platform

Generalitat de Catalunya

Dats Last Updated  Metadata Last Updated Aocki Glimistion miools | Agerua Rursl

July 9, 2023 July 9, 2023

Freqiiéncia dactualitzacié

Date Created
May 7, 2019 Frequéncia dactualizacié Setmanal

Idioma
Views Downloads

222K 4,499 fioma

certificados de eficiencia energética de edificios
Data Provided by Dataset L, e Upiant Time Pracvand Trne
epartament dAccid Climatica et Certificates of energetic efficiency of buildings

Departament dAccid Climét o ertificates of energetic fficiency of building 0 cARA [Peperp— NSV

Alimentaci | Age Dades wvoex R A

Obertes

Contact Dataset Owner

geogrifica

Informacié de génere o sexe

nformacit de génere o sexe No aplica

Show More

What's in this Dataset?

Rows Columns Each rowisa

1.44M 69 Certificat



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

UC14: loT Equipment

IHIBIGG

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

R e e e e R A & ) €
f 1100kl
ot B R R i




HIBIGG

UC14: User Interfaces

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

Power Power
4K
2
©
o 100.9W - How 0.0W 0 A ———
Phase D Phase 1 Phase 2 11/22 03:00 11/22 06:00 11/22 09:00 11/2212:00 11/22 15:00 11/22 18:00 11/22 21:00 11/23 00:00
== Phase ) == Phase 1 == Phase?2
Voltage ® Voltage
200

&

=)

>

0
Phase 0 Phase 1 Phase 2 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
== Phase 0 == Phase ] == Phase?2
Total Energy Energy
< 005
m g
=4
. 4.34 kWh 7.79 kWh 3.41 kWh
- 0
Phase D Phase 1 Phase 2 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

== Phase () == Phase] == Phase?2




UC14: User Interfaces

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

~ Electrical Water Boiler

G HPQN

State

Consumption

4K

2K

Watt

15.68 kwn

Boiler Operation

0
O’F F' 11/07 00:00 11/07 12:00 11/08 00:00 11/08 12:.00 11/09 00:00 11/09 12:00 11/10 00:00 11/1012:00 11/11 00:00 11/1112:00 11/12 00:00 11/1212:00 11/13 00:00 11/1312:00
‘\ J | — Boiler Power = Remote Relay Command
il i i
Plug: Washing Machine i Energy - Estimation i Power
2K
1.50 K ' ‘
P
g 1K |
= | ‘
500 | |‘ | || |
|
3 . 0 3 0 " ! 4
11/0700:00  11/071200  11/0800:00 11/081200 11/0900:00 11/0912:00 11/1000:00 11/1012:00 11/1100:00 11/111200 11/120000 11121200 11/1300:00  11/13 12:00
kwh
— Power
Plug: Dryer (8) i Energy - Estimation i Power
fl
400 f
| | ( i
5 I
1| .
200 | | ‘ ‘ ‘
I \
. 0 | WL I
KWh 11/0700:00 11/071200 11/0800:00 11/0812.00 11/0900:00 11/0912:00 11/71000:00 11/101200 11/1100:00 11/111200 11/1200:00 11/121200 11/1300:00 11/1312:00
- Power
Plug: TV i Energy - Estimation i Power
100
[y P 1 1 I ’ [ | n I gy I i
75 | [ I | ‘ | ‘ |
2 l | H ‘ [ | |
= | ‘ ‘ 15 - | \ | \
25 ‘ | | 1 \ | “ ‘ |
| UL
2.30 DJ L I ‘\_I | jud || i .J |
KWh 11/0700:00  11/0712:00  11/0800:00 11/081200 11/0900:00  11/09 1200 11/1000:00 11/1012:00 11/1100:00 11/111200 11/1200:00 11/1212:00 11/1300:00  11/13 12:00

== Power




_ HIBIGG
UC14: User Recommendations

@ https://greekpilot.azurewebsites.net/api/bigguc14 'ﬁ‘ Add to collection <> Code Snippet . .
BIGG implementation:

GET ~ https://greekpilot.azurewebsites.net/api/bigguci4 Send ~ ° .
1 curl --location 'https://greekpilot. Shlft Consumptlon

Params Auth Headers (6) Body Pre-req. Tests Settings Cookies azurewebsites.net/api/biggucid’
Body ~ 5 2000K 329ms 262KB  Save Response v OUtSIde peak tlmes

Pretty Raw Preview Visualize JSON v = m Q 2P 1. Identify up to 2 hours With
L B .‘ C {@ lowest RES : under P1
2 domxem-C7F92D": [
2| TEeeereenim ieme HERON RaE 2. If only hourin P1, pick up an
5 "domxem-C7FCB5": [ .
&6 "2923-06-12 01:00:00" o 1 adjacent PZ
7 1. ext Message . . .
8 "domxem3-3494546ED134" : [ Tue, 3 Oct at 12.59 3. If not avalla ble adjacent, ple
9 "2023-06-12 23:00:00" PZ t d th 02 OO

10 1, 5 . —

11 " domxen3-3494546E0387" : [ Reduce your carbon footprint by a outside the Uz

- e 1n 02 00 00" limiting consumption during 06:00 zone

’—4 12023706-22 03:00:00", 00:00-02:00, due to low shares of

15 "2023-06-12 04:00:00", 7 3

16 "2023-06-12 23:00:00" renewables in the energy mix.

17 1.

13 "domxem3-3494546EDCET" 1 [

19 "2923-06-12 01:00:00",

20 "2023-06-12 02:00:00",

21 "2023-86-12 03:00:00",

22 "2923-06-12 04:00:00"

23 1




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:

e 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.
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UC15: Flexibility potential of Residential
consumers on Natural Gas




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

i

Dashboards Energy
domX Managers
Smart Heating
Controller
s domx 4 N KPI
REST API Reporting
cm-e services
i P Home domX
egacy .a Hra Router data collection
Gas boilers
platform
QEECI“A
V) J
domx
wireless domX smartphone Consumers

Room Thermostat application




UC15: Infrastructure and data process

HBIGG

-

domX Heating Contraller

r.

domX Heating Controller

ﬂ

domX User Interfaces
and Services




UC15: User Interfaces

@  savings

VV-HOME

Stalus Laken: Apr 26, 202313°40:44

19.2°¢c

Indoor

set10:16.6°C

# Download on the

o App Store

Smartphone application for the end consumers

SaVings Oct 2021 - Apr 2022
View your portfalias savings
Eligible devices Actual consumption Energy Savings Energy Efficiency Improvement
5 14173.37 kWh 6678.69 kWh 32.03 %
f ] ¢ ~;
Baseline days Emissions Reduction End-user Cost Reduction Supplier Return on Investment
14 1349.10 kg C0: 1001.80 € = 326.18 € ,/l\l,
Consumption (kWh) Daily

P11 1111 1 1 A 1T |I|||||||||"n|||"| |||| |||||||"|||||||I|||| ||||||||||||I|||||||||||h|||||||||||||l||||l|ll TN 11 10

Decz1 maz Fbz2  Maz Aor2z
W B whsavngs [ kwn_baseine
Climate Daily
cas A=
Dec 2 w  fem sz or 22

Portfolio Management dashboard for the energy supplier




Energy efficiency trials

ENERGY CONSUMPTION

OR DEMAND

Installed devices Active devices

108 102 a

13

Adjusted Baseline
Measured Baseline Energy Energy

Savings or Avoided Energy
9 . \ Consumption

\ Measured

Reporting Period
. Energy

< > d>e—>

Baseline Period Installation Reporting Period
TIME Period

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 service HBIGG

HOMEL13 winter savings

adaptive consumption e baseline consumption

2021-11 2021-12 2022-01 2022-02 2022-03 2022-04

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




Energy efficiency service

HOMEL13 winter savings

adaptive consumption e baseline consumption

2021-11 2021-12 2022-01 2022-02 2022-03 2022-04

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

HOMEL13 winter savings

baseline consumption savings (kwh): 1685.28 ‘
adaptive consumption savings (%): 32.15
—— simulated baseline consumption

WO f\”"”

v/k

2021-11 2021-12 2022-01 2022-02 2022-03 2022-04

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




Energy efficiency service HBIGG

HOME13 winter savings
baseline consumption savings (kWh): 1685.28 -
adaptive consumption savings (%): 32.15

—— simulated baseline consumption

\/\ J\*M \JN v

2021-11 2021-12 2022-01 2022-02 2022-03 2022-04

/f » f\/\
/M\A / i \/ MM A«/ 5

Home 13
Estimated Winter Savings
32.15%

HOME13
M adaptive baseline
30 40
40 25 35
30
20
g 30 [ o 25
£ £ £
- < 15 <20
o © o
® 20 R R
15
B .I
- 4 7 10 r—
10 |
5
5
0 0 0
20 25 30 35 40 45 50 55 60 65 70 75 80 10 20 30 40 50 60 70 80 90 100 88 89 90 91 92 93 94 95 96 97 98 99 100

boiler temperature modulation boiler efficiency




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




Flexibility service

Flexibility services are offered to the gas supplier during gas days
W i t h : loTopikd AcSopéva Tipwy Alcvbétnong HEE®
Ané Hyé i 21 - 'EwgHpipa Aspiou :  01/02/2021  : SJ

o high upward price and/or shortage of natural gas supply [ —
o =>consumers need to reduce gas consumption "

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

o while user comfort limits need to be constantly

guaranteed:
o target temperature
o min temperature increase rate limit

Historical Gas imbalance prices dataset available

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.



HIBIGG
Example:

Overconsumption:

Smart control to
decrease

consumption

WAL
AL M M Buildings are

AT al am heating as
usual




HIBIGG
Control Strategy

Periodically (e.g., at midnight): Continuously control the boilers, such that the

power usage drops towards the target power:

Train a reinforcement learning (RL) agent for Expected behavior:

each household (policy evaluation)

Baseline power is Observed power
At DR-event: set at beginning of (oscillates around target power)
DR
10 _
Assess expected consumption based on recent I P Baseline
. -- P Target
past 12 hours & Calculate required power for 8 | — P Observed
next 15min (e.g., to stay within energy limit) n
S 6
Dg_ 4
Rank the boilers by their highest expected gas 5 B D R i I A
savings, estimated with the RL agent, and [
taking comfort constraints into account )
0 3 6 9 12 15
Time (min)



Monitoring approach

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

Baseline actions

Baseline Powers

House ID Baseline action House ID Baseline Power 0 ol -2 House ID +

House 2

House_13

. CIEIE -
. BN -

Ranking Table: Downwards Actions

Which houses are the first =
ones to ‘turn off duringa .
DR event?
Observed power
Response level

Rank

-
[
DR Progress

175
150
125
100
75
50

25

Actions for each response level

Ranking Table: Upwards Actions

No data

—

17:07:05 17:07:10 17:.07:15
== P Observed P Target

Observe power reductions

17.07:20

17:.07:25

100

80

60

40

20

0

== Response Level



HIBIGG
Gas DR events

DR-event on 2023-02-03 between (20:29 - 20:43)

s Demand Response trials have been

E I executed during February 23:
b : - 10 available households
Downwards DR event - 8 active participants
DR.-event on 2023-02-14 between (07:32 - 07:41)
- 80 DR events were executed, each
el lasting for 10 minutes.

0752 07:37 0742 07:47
Tifie

Upwards DR event



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:

e 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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BIGG Final Event

3

— Ontology and AITB

Building Information aGGregation,
harmonization and analytics platform

Partners
o R| I
NS CIMNE.  csTB -
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BIGG Data Harmonization layer ’H}B\GG

I O O O B O T T O S R O E B T T B B T R E S S B T I EE T O O E I EE T O B T R B T E T T B B T S O

Development

| |

|

! Analysis of existing I

| of data requirements 3 I

. BIGG Standard BIGG :

| Data Model 4 Ontology reuse ontology I

: Buildings |

| Identification of J - o !

. Creation of missing .- I

: relevant ontologies S \ :

L e S

C y v " ‘*l

[ Use Mapping of .

l existing non- Ontology I

: standard alignment l

| datasets :

\|’ |

: I |

: : Granular :
W1 | mapping of L .

| ontology based <> Standardisation :

I |

| |

V2 RDF triples

S o - o o o o O - O O O O . O . . S . O S S e B S . O S e . . S . S S S O . . T .
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BIGG Data Harmonization layer 'H}B\GG

I O O O B O T T O S R O E B T T B B T R E S S B T I EE T O O E I EE T O B T R B T E T T B B T S O

Development

V2 RDF triples

S o - o o o o O - O O O O . O . . S . O S S e B S . O S e . . S . S S S O . . T .

|
1
! Analysis of existing — I
| of data requirements 3
| Data Model 4 Ontology reuse ontology h
: Buildings | ®
| Identification of J : —
. Creation of missing A J
: [ relevant ontologies slaments h |
L e S
C y v " ‘*l
[ Use Mapping of .
I existing non- Ontology I
: standard alignment '
| datasets :
.‘|’ |
: I |
: : Granular :
W1 , mapping of L .
| ontology based <> Standardisation :
I |
| |
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The Linked Data cycle HIBIGG

Data
New Bug o . Use case Data
: . aintain Specify o . sources
requirement detection definition requirements selection

/

Move to Service Data Ontologycal

. platform Exploit Identify ) Extract . equirements
production analysis e

development specification

: Resource Ontology
Lmk?d Qata On.tolo.gy Publish Model ) naming implementation
publication publication L

strategy and validation

Da

Load i Mapping
Linking Cinite) & and [ Enrich Convert FIie and e
verification . processing . validation
inference materialization
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BIGG Ontology

THIBIGG

BIG Gstd Ontology




BIGG Ontology: core

(all) saref.isPropertyOf -==-----------1

I—s4sysl:connectionPointOf—m
: y

s4syst:ConnectionPoint

bigg:EnergySupplyPoint

E bigg:energySupplyPointNumber: String E

H
<<owl:inverseOf>>

T Ls4sy'sl:connec1s.f3\t—v—|

1
s4syst:connectedTo

(T) s4sys:hasSubSystem

sdsyst:System

................ )

(all) ssn:hasSubSystem

A A ;

----{(all) ssn:RasDeployment -----

<<owl:inverseOf>>

ssn:Deployment

(some) sdagri:hasDeploymentPeriod- - -~

saref:Measurement

. -(all)(some) ssn:deployedSystem- + L

s4agri:Deployment

! A A

(all) sarefrelatesToMeasurement

saref:FeatureOfinterest

ty:AdministrativeArea

A

s4city:CityObject

(all) saref.isMeasurementOf

T—(all) saref:controlsProperty———

. sareflzmeasurementMadeBy

saref.isControlledByDevice

1 e G LT T
(all) saref:rellatesToProper‘ty A

<<owlinverseOf>>

i
(all) saref:makesMeasurement ,

_______________ Ve

gn:Code

=
|-

- - - (some) s4agri:isDeployedAtSpace

HIBIGG

time: TemporalEntity

A

time:Instant

geosp:hasArea

time:Interval

h 4 Py

[ - - - gn:featureCode - 1

geosp:sfContains|
geosp:sfWithin

gn:Feature

geosp:SpatialObject

|- - -(all) geo:location- - - - -

sdagri:WeatherStation N

I

geosp:Feature

s4bldg:PhysicalObject

: il

4

saref:Device

(all) saref:hasState

saref:State

N

saref:Measurement

1
(all) saref:hasMeasurement. 1
1 1

1 :

<<owl:inverseOf>>,
h i

s4watr:hasPhenomenonTime’

time:TemporalEntity

saref:hasTimestamp: xsd:dateTime
saref:hasValue (1..1)

v T ---------- [

(all) sarefisMeasuredin (1..1)

saref:UnitOfMeasure

s4bldg:BuildingObject

A

i

s4bldg:BuildingDevice

s4syst:System

T

bigg:EnergyAsset
A

saref:Sensor

i

saref:Meter

i

bigg:EnergyDevice

A

bigg:EnergyMeter

Sensitivity; Company

PN A A T__ vcard:hasAddress

s4city:AdministrativeArea

sdcity:CityObject
A

bigg:Patrimony

——(all) geosp:hasGeometry—»

------------- vcard:hasStreetAddress------

bigg:CadastralParcel

:
<<owlinverseOf>>i
'

(T) s4bldg:isContainedin >v

s4bldg:PhysicalObject

geosp:Geometry

i

geo:Point

A
veard:hasGeo

‘...

vcard:Address

Evcard:s1reet-address: xsd:string;
1 vcard:postal-code: xsd:string _

——  s4bldg:Building
< I e RRRRRE foaf:Agent |-,
5 < (all) s4bldg:hasSpace 5
E <<ow\:irl|verse0f>>.: foaf:Person -
(all)s4bldg:isSpaceOf Y (somei foaf:membe
— s4bldg:BuildingSpace :
A . schema:Organization| ________ !
<.... (D s4bldg:contains




BIGG Ontology: KPI extension 1 BIGG
................ [orsremroriee]

i sdcity:isDerivedFrom

! sdcity:refersToFeature
saref:UnitOfMeasure |( fffffffffffffffff H jmemenemsescsenaanad geosp:Feature
saref.isMeasuredin® H H
R LR EEE TR E R sdcity-assesses----------------- - iy KeyPerformancelndicatorAssessment |- - -sdcityrefersToTime - time:TemporalEntity

H (all) saref:hasName: rdfs:Literal

E (all) saref:hasDescription: rdfs:Literal

! saref:hasValue (1..1)

E (all) s4city:hasLastUpdateDate: xsd:dateTime

0
H

H

! H

. h
<<owl:inverseOf>>| !
1 ]

H

H

H

1

skos:Concept - -
| bigg4kpi:ModelStoragelnfrastructure

(all) s4city:hasCreationDate: xsd:dateTime

time:Te IDurat < (i . : : ] - s bigg4kpi:hasModelT
| tmetemporabuaton [ (i) sty hasCalouationeriod o oSO (LT (@l sécity hasExpirationDate: xscdateTime | | biggdkpi-TimeSeriesLis 19gHPIERasMOdeITYPe. iagakpihasModelStoragelnfrastructure
IT ‘T‘ | bigg4kpi:AnalyticalModel
bigg4kpi:hasKP|Type—| bigg4kpi:KeyPerformancelndicator | |bigg4kpi:KeyPerforrnanceIndicatorAssessment l_bigg4kpi:isEstimatedByModelJ
A Jay N ] )
bigg4kpi:hasAggregationFunction ’| bigg4kpi:AggregationFunction | biggdkpi: TimeSeriesPoint
—| bigg4kpi:BuildingKeyPerformancelndicator | _|bi994kpi:AggregatEdKPIAssessmeml_bigg4kpi:hasAggregaledKPlPomt_)| biggdkpi:AggregatedKPIA uentPointI
—' bigg4kpi:EEMKeyPerformancelndicator bigg4kpi:asseslsesAggregatedKPI
bigg4kpi: http://bigg-project.eu/ld/bigg4kpi# | bigg4kpi:AnalyticalGroup |

bigg: http://bigg-project.eu/ld/ontology#
saref: https://saref.etsi.org/core/
s4city: https://saref.etsi.org/saref4city/ bigg4kpi:groupsForAnalytics
geosp: hitp://www.opengis.net/ont/geosparqgl#
skos: http://www.w3.0rg/2004/02/skos/core# ) . ) ) . -
“mef’ hitos) /www.wg.org 00BN ———iggdkpihaskPl I biggdkpi:KPICalculationltem l;biggtlkpi:hasAnaIyticaIModel—)I biggakpi:AnalyticalModel
dcterms: http://purl.org/dc/elements/1.1/
rdf: hitp://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#
owl: http://www.w3.0rg/2002/07/owl#
xsd: http://www.w3.0rg/2001/XMLSchema#

bigg4kpi:EnergyEfficiencyMeasure |

bigg4kpi:assessesSingleKPI

—{ bigg4kpi:SingleKPlAssessment }_bigg4kpi:hasSingIeKPIPoinl_>| bigg4kpi:SingleKPIA nentPoint I
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BIGG Harmonizer THIBIGG

Harmonizer
+» Main Features
JSON RDF
----- RML Stage
v Conversion of data:
. _ s ' _ From JSON to RDF/Turtle format.
Existing Ontologies ¥ Alignement to our ontology
IFCOWL SPARQL Stage b B | GG
SAREF RDF “ RDF v Tool implemented in Python

SOSA ...

IFC-TO-BIGG.sparq]

PREFIX : <http://www.buildingsmart-tech.org/ifcOWL/IFC2X3_TC1#>
PREFIX bigg: <https://bigg-project.eufontology#t>

CONSTRUCT {

tbuilding a bigg:Building ; bigg:hasSpace ?Pspace .

?space a bigg:BuildingSpace ; bigg:isContainedInZone ?storey .
} WHERE {

?building a :IfcBuilding .

?storey a :IfcBuildingStorey .

Sensitivity; Company
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AITB: Artificial Intelligence Toolbox

Sensitivity; Company



Why AI?: Shift from Conventional to ML {18/GG

J Complexity of modern challenges
* Intricate interdependencies and nonlinear
relationships

J Evolution of the information landscape
e Vast volumes of diverse and unstructured —
data

J Pace of change demands agile forecasting
* Adaptability of ML and Al tools

d Augmentation of human capabilities
* ML and Al sift through massive datasets
* |dentifying subtle trends and generating

Sensitivity; Company




AITB development methodology {13/GG

Benehmarhing & buidng Enntrgy cortlitation in 2ullding blo ord Pram
portintio mm rotdandinl ety aildings plaoning to renovolion

W
_J‘;“

L PC Gomd ainingt in Opninmiring buildings for Hos bty rooslonal
comumoerciu Sulldings OIAIDONT conumaen (o, ane)

= Y

Tasks _<
5.1,5.2and 5.3

development

Tasks 5.4

Sensitivity; Company



AI Toolbox: what does it have? THIBIGG

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

Sensitivity; Company



Reference Architecture
HIBIGG

. External systems
. WP3 scoped components

. WP4 scoped components

WP5 scoped components

= (+pipelines)
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A AITOOLBOX




Reference Architecture
HIBIGG

. External systems
. WP3 scoped components

. WP4 scoped components

WP5 scoped components

= (+pipelines)
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A AITOOLBOX




The BIGG toolbox within publicly available GitHub

biggpy
Python library of the BIGG Al toclbox

@ Jupyter Notebook Y72

WP3-Harmonizer

@ Jupyter Notebook  T¥ 1

biggr
R library of the BIGG Al toolbox

Or

Public

Public

Public

WP3-Httplngestor Public

source code for the ingestors in WP3

Q@ava YI1

WP3-Mqttingestor Public
@PFython Yr 1

biggdocs Public

Language-agnostic documentation of the Al toolbox of the BIGG project

e BIGG GitHub account: https://github.com/biggproject
e Documentation of the AI Toolbox: https://github.com/biggproject/biggdocs

e Python implementation of the Al Toolbox: https://github.com/biggproject/biggpy

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

Sensitivity; Company

THIBIGG



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

HEBIGG
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Positive digital flow
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BC1: Benchmarking and Energy Efficiency tracking in Public Building

Benchmarking & building portfolio management USE case 1: Benchmarking and
monitoring of energy consumption.
Similar buildings comparisons and

A samiisar evaluation of changes in the consumption
&'ﬁ &’. Energy Managers

trends.

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

8 s e 9 measures in buildings.
B = =

Data acquisition
Invoice/Contracts - DSO - MMR - AMR -
Weather services - loT - Data Loggers

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.

¥ ol Do et WeE N i
e =

Euu:mzs | HARMONIZED -[ CE3}{ EPC
= FETE——— DATA STORAGE - - -

_[- - Catastral
Info

Sensitivity: Company



UC 14: Electricity Demand response

Grid Energy Data Acquisition and Forecasting Tariff decision

Data

Machine Learning Neural network
algorithm to
recommend usage per

@ House per Device
S :

Azure Databricks

mlf/ W

< )
S

Arse SEAN

Become
more energy
efficient

Intermediate

Storage To access the forecast
and recommendation

i per House per Device
inetum
m

Data/ML Ops

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

Harmonization layer
API1 Connections

Consumption
Forecasting

Sensitivity; Company



UC15: Gas Demand response

Gas boiler aggregator l D I_ Balance Responsible Party (BRP)
ab
- domx
@ 167 ThemmeudaIis coordinaml' Tl'ainer 1 Pemanent
gi ﬁ Data Storage
=== = RL-Agent 1 Measurements,
DR Event @% Mezsuremenis Python application in Logs &
API| Server House 1 Docker container Models
House 1 l / Aavariags
uncton ! ' ﬁ
@ « > Action Coordinator | Sync | |
Collects advantage _
functions and defines Arculsies Badze
actions
House ...
E B - » E B Actions J
o]
(o]
House N A= °
— Trainer N

€ > Advantage
(= S PES [ msemn g
N

Measurements House N

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

Sensitivity; Company




Panel discussion

Katerina Papapostolou Dimitrios Rovas Daniele Antonucci
Senior Research Associate, NTUA Professor in Building Simulation and Senior Researcher, EURAC
Optimisation, UCL
ENERGATE DigiBUILD MODERATE




Could you briefly present the
ontologies defined within your
projects?

1HHBIGG EJENERGATE [[§]| DigiBUILD a MODERATE

EEEEEEEEEEEEEEEEEEEEEEEE




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?

1HHBIGG EJENERGATE [[§]| DigiBUILD a MODERATE

EEEEEEEEEEEEEEEEEEEEEEEE




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

1HHBIGG EJENERGATE [[§]| DigiBUILD a MODERATE
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loanna Andreaoulaki loanna Makarouni Tomas Jezdinsky

Electrical and Computer Engineer, Senior Researcher, Project manager,
NTUA NTUA European Copper Institute
InEEXS AUDIT-TO-MEASURE EU-MORE




INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN

‘,

INEExS - Innovative Energy (Efficiency) Service
Models for Sector Integration via Blockchain

BIGG Final Event

24/11/2023 — loanna Andreoulaki (NTUA)

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.
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—7 The INEEXS project Overview

O3INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN

Innovative Energy
Efficiency Service
Models for Sector
Integration via
Blockchain

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.

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

O3INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN



—, Objectives & Consortium

Business models and
contractual schemes for
integrated energy
services.

INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN

Deployment,
assessment and
validation of innovative
technologies usage

Rollout and replication
of smart energy services

[l 'EECP (COQ) - The Institute
for European Energy and _\
Climate Policy &

" . &
[l NTUA - National Technical S
University of Athens,
HERON, DOMX

OFFIS

[l ESCAN, ENERCOOP, GEA, M
Verdia Legal g

W 'NLECOM
[l Energy Web

CZECHIA
[l HVEN - o

FRANCE *M »"‘: o

ITALY

POLAND
GERMANY

BAN MARING

PORTUGAL

Ay Armaa TimneIa

F INSTITUT FUR INFORMATIK

-

<) ESTONA
& @ energy web
ad LATVIA

D BeA - Berlin Energy Agency, DENMARK LITHUANIA

VERDIA

LEGAL

= v

UKRAINE

“

ROMANIA

BERLINER | /() 0/ AGENTUR

(Z—E escan ..

v .
the energy consulting o

enerc®op

GRUPO

iNlecomM

O3INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN



—1I7 Business Cases

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

BC1 BC3
Energy efficiency and

Smart

vation 4 5 ) Energy Performance 9 _ 4 S ) Thermo-
Contracting with flexibility services for % W] stat

EE reno-

legacy natural gas

rReal Esco | Pay4Performance : » Energy Technology Gas
i \_ Estate ) guarantees (Berlin, boilers (5 Greek C|t|§§:  Supplier Developer) Boiler
Germany) Athens, Thessaloniki,
Larisa, Trikala, Volos)
BC2 BC4
4 N Improved self- Smart energy 5 ) EV
PV :
)jﬁ% consumption of DER management for EV % cheroer
: in Energy_ chargers and | £nerqy Technology Heat
rSﬂrg;r: Coo”irr%i’ive pso | Cooperatives electricity-based | Supplier Developer Pump
N ~ (Crevillent, Spain) HVAC appliances 4

O3INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN




— Blockchain platform and services

Key innovative DLT technologies to
setup the common medium of exchange between all engaged stakeholders
enable the integration of different energy services and sectors.

R/
0’0

/
0‘0

o0

L0

o0

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.

: BC2 Actors
J—v &y [E]

Other service providers & market actors

: BC1 Actors &1 é @ (jQE] BC3 Actors i :
m B - W © 4—|:
o — o o
o° R

BC1smart
services

BC3 smart
services

L BC4 smart

services

|

BC4 Actors
® © {

O3INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN

BC2 smart
services




—/7 Expected impact
22 43

Innovative services & GWhly primary

methods launched to energy savings

the market

m€ investments Policy recommendations
triggered by the to support the adoption of
business models directives covered under the

Fit-for-55 package.

1,000

Stakeholders trained
with increased skills on

energy issues al N E EXS

ENERGY SERVICES ON THE BLOCKCHAIN




INEEXS

ENERGY SERVICES ON THE BLOCKCHAIN

‘,

PARTNERS

IEECP

INSTITUTE FOR BERLINER
EUROPEAN ENERGY
AND CLIMATE POLICY

energy web

P

/l{*f'g."!’lGEHTun
™ IOT TECHNOLOGIES

enerE»op (G escan L (H HERON ‘ h/ven

GRUPO

the energy consulting o

INlecomM NETI,Ul'JA DFFIS "

INSTITUT FUR INFORMATIK

VERDIA

LEGAL

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

ENERGY SERVICES ON THE BLOCKCHAIN

6

THANK YOU!

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

W #InEExS

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

landreoulaki@epu.ntua.qr

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.
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RSE

Ricerca
Sistema
Energetico

©®

adelphi

"4y NOBAL

GRUPPO

Doy
E=HER)

AVA
VVAEDHE

ASOCIACION DE EMPRESARIOS DEL HENARES

EUROPEAN ENERGY
AND CLIMATE POLICY

QJFEEEP

@ escan ..

the energy consuilting o

EMIMEAHTHPIO
KOPING®IAZ

AUDITéM EASURE

Co-funded by the European Union under project ID101075785. 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.



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

AUDITTO MEASURE

Audit 2 Measure Partners

Estonia
A .
. i
J5
Latv {
Denmark
N
Y Lithuania _ £,
Country ~
Iréland Netherlands i Belar(s /',
Partners: IEECP
.Poland 3
Kingd
Country: Czech Republic ~ © 7
Partners: ENVIROS
s Ukraine
Slovakia
( \ 5
tnoary -
France 3
Roir ;

I Bulgaria

Country Spain} Country: Italy Countrys Greece

Partners: ASOCIACON DE Partners: HERA, Partners: NTUA, EPIMELITIRIO
EMPRESARIOS DEL Q Y RSE SPA KORINTHIAS, POVAS
HENARES, ESCAN 7 7  ad Tarkey

Syria

124

124



The challenge

"A small percentage of
the recommended
measures from the

energy audits is
ultimately
implemented”

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

125



EPU
The challenge Pushing for the uptake of Energy Saving
Measures proposed in energy audits

"A small percentage of
the recommended
measures from the * AUDIT-TO-MEASURE aims to develop and implement a new engagement

energy audits is

ultimately _ _
implemented” emerging from energy audits.

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

* Thisincludes 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

The support is free energy efficiency measures (EEMs) in their industries

for the companies .. . : :

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

efficiency measures 126




Audit2Measure
methodology

Status Quo
Analysis

Tools to overcome
information
barriers

Capacity Building
Direct Support

Validation and
evaluation of the
strategy

N-T-U"- A

N N
Current auditing Bar.rlers to the Decision-making Support and funding
adoption of energy .
system .. paths mechanisms
efficiency
J J
4 4
Benchmarkin:ng of Impact assessment of Energy Management
A2A Strategy energy saving energy saving Maturity Assessment
measures measures
I\ -
4 Y4 . N/ Y2
Laboratory of ideas Tr.alnmgs g Workshops for Direct sup.por.t to
. medium/low level . . companies in
for high-level industrial . .
management and . implementing energy
management ditors associations saving measures
\ AN J\. J\ g J
/Replicability analysis\ 4 N\ \( A
in other MS Guidelines for Guidelines for Recommendations
Knowledge Exchange auditors companies for policy makers
P U I\ AN J

127



Timeline

N
Monitoring of ESM
implementation in
businesses _
Questionnaires Knowledge Capacity building ¢ gty Final
and interviews to Exchange Space of other target dissemination
companies Launch groups conference
Feb 23 ov 23 Apr 24 Oct 25
Nov 22
o ®
Beginning
of project
Jan 24 Sep 25
Capacity building Policy
i in companies ) recommendations
g May 24 report
Report of barriers Intermediate
P A2A Strategy

affecting the uptake
of ESM in companies

and Tools

dissemination
conference

End of
project

128



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

129



AUDIT2MEASURE project NCT U A

Benefits for
the companies

* Improving energy audits

* Getting direct support in technical, financial, legal aspects about EEM
* Beinginvited 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

130




AUDIT2MEASURE project NoTU A
: Support Sustainabilit
Results so far State of Audit2Action_Capacity I:z replication & '
the art strategy building dustries exploitation
1 2 3 4 5 6
Analysis state Audit2Action Capacity Direct Support Dissemination, Sus.tain.ability,
of art of strategy and s : stakeholders replication and
" Building to companies L
auditing tools foaramme for EEM uptake engagement, exploitation of
system development Preg P policy recom. 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
e ESM Assessment and A2M Database
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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

More
iInformation

online:

[

AUDIT2MEASURE

D2.1 Report of state-of-
the-art auditing system
and ESM implementation

A comparative analysis of the implementation
of audit obligations across six Member States

RSE
WEE  SEEcPr  ww® Tomc goomac

EPY  =wi  mmme  fao

w

AUDIT2MEASURE

D3.1 The Audit2Action Strategy: a new
approach to upgrade energy audit
outcomes

@S wrosar MaroHE  sgephi  Tmsameo

EPURL_S

L e

European
auditing
system

Comparing energy audit requirements
from 6 EU countries

Authars:
Jeremy Bourgault - adelphi
Milan MatuBek - adelphi

Th

e A2M Database

st A OATIONS
T P—
EBMDrcipion
Comrimnts
Ikt St Tocheosiogy  Couty P
. : Gy
upre L

62.899

Energy Score

0 - 30
Enviromental Score

0 — 60
Financial Score

0 — 60
NEBs Score

o

Total Score

0 — )

= @

EPU

ESM assessment and benchngrklrn'gLJ '

Carbon Savings (*)

Primary Energy
Savings (*)

. Cost of Carbon
Cost of Energy Savings (*)

i *!
Savings (*) Carbon Reduction per
Consumption Envi product unit

i nvironm
Reduction per Renewable Energy

Pr ni ental
oduct Unit Penetration Rate

Energy Intensity Gain
Reduction

Non-
Energy
Benefits

Benchmarking System

* Each Assessment Category yields a total score combining

the respective KPl values (0-100). KPls marked with (*) are

the mandatory KPls.
* Each ESM yields a total score, combining the four
assessment categories.

Assessment of Energy Management Maturity

Energy Management Maturity Assessment Tool

Energy Manag nt Maturity Q i ire
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https://ieecp.org/wp-content/uploads/2023/09/A2M_D3.1_Audit-to-Action.pdf

ﬁj

AUDIT2MEASURE

Thank you.

Dr loanna 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

For more info, visit our website or contact us:

& www.epu.ntua.gr AUDIT-TO-MEASURE website

a2m@epu.ntua.gr

#£ #AUDIT2MEASURE

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
necessarily reflect those of the European Union or CINEA. Neither the
European Union nor the granting authority can be held responsible for them.
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EU_MORE 24th Nov 2023/ Online

EUropean MOtor E U - M O R E

REnovation initiative . .
LIFE project overview

for BIGG project event, Nov 2023

Tomas Jezdinsky ( EC|) Building Information aGGregation,

harmonization and analytics platform

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-
CET-POLICY, with grant agreement N° 101076631.

Views and opinions expressed here 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.




Project runtime (30 months) 2022-2025 (<=8

EU-MORE is an acronym for
EUropean MOtor
REnovation initiative

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.

*ng{?f LIFE project funded under grant agreement N° 101076631



WP6 — Sustainability, Replication and Exploitation of project results

«  WPTinvolves project management and
WP1 — Management coordination

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

* InWP3 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

WPS5 — Communication and capacity building « and WP6 includes the projects Sustainability,
Replication and Exploitation of results

WP3
Knowledge
Exchange
Platform

WP2 — Policy Development
monitoring and evaluation

WP4 — Tools for projection,

:Zf(f‘} LIFE project funded under grant agreement N° 101076631




EU-MORE project partners

ISR - University of Coimbra 1§ nstrurope ssevas e rossric

European
* ECI - European Copper Institute s

« |EECP - Institute of European Energy and Climate Policy 2) lmEECE
« AEA - Austrian Energy Agency &

* CRES - Centre for Renewable Energy Sources and Saving =%HW el

Fraunhofer Institute for Systems and Innovation Research % Fraunhofer
1SI

*ng{?f LIFE project funded under grant agreement N° 101076631



What is the problem?

éﬁ Electric motors >50% of EU electricity consumption

@ A total of 8 billion motors in EU (1)

EU-MORE

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

>20y
H Swiss survey: 50% of the concerned motorsare > 20y old

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

IE2/3/4 <20y

/’(f@ 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

L LIFE project funded under grant agreement N° 101076631




Motor Lifetime

1 ;.‘}”:‘::. J n=4142 * |n 2013 the Swiss Energy Agency S.A.F.E.
> o [T o B3 Tl W2 T TTTH assessed 4124 separate motor systems
40 AL Rl AT in 18 factories.

——‘*;““— i3+ e The analysis shows that 56% of all
20 11 L i,i d* motors and their respective systems

P

were older than their expected
operating lifetime (some were twice the
expected age).

motor actual age [years]
W
o

T
o
I

o

0.01 0.1 1 10 100 1000
motor output power [kW] logarithmic scale

Source: Impact Energy, Switzerland, 2014
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Motor Lifetime

Age of industrial motor systems broken down by size
‘ . ® 1-5hp
6-20 hp
21-50 hp
51-100 hp
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501-1000 hp
= 1001-2000 hp
2001-5000 hp

Age (40,50] w 5001+hp
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i |
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Source: (DoE, 2021) US Motor System Market Assessment
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The 2021 US MS Market Assessment
found that the majority of motors is
over 10 years old, even for small
motors under 20hp



Electric motor market

* Motors sold by efficiency
class (IE-code), 2005-

2021 (CEMEP data)
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Electric motor market
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The opportunity: 100 TWh/year

motors + motor system optimisation

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

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

EU-27, which represents:
12407 (D

A

55 average gas electricity consumption 30% of historic natural 25 Mton CO2
fired power plants of the Netherlands gas import from Russia
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What is the opportunity?

2040
. . . 2030 b of electr
Emissions reductions and key
. ° - 53% near-zero 96% near-zero
milestones in the Industry ﬂ:::::::;nﬂ . ﬂ"bﬂpl:::ﬂ:ﬂeel carbon nrlma;stael
sector in the NZE scenario 2025 production 2035
All electric motor
relative to the STEPS, 2020-
2050 g1 -
[
&
E .
6 -
: . , 4 -

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

2020 2025 2030 2035 2040 2045 2050

3.9 GJ/USD 1000 V, 2.9GJ/USD 1 000 V. 2.2 GIfUSD 1 000V 1.7 GJ/USD 1 000'V/

*ng{?f LIFE project funded under grant agreement N° 101076631
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Barriers to overcome

PRACTICAL BARRIERS IN INDUSTRY

ECONOMIC BARRIERS IN INDUSTRY

* 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

/’(f@ LIFE project funded under grant agreement N° 101076631

Decisions made based on purchase cost
instead of life cycle cost, because of
splitincentives

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

* Alack of data about motor agesinthe EU

» Alack of insight in which policies work
for accelerating motor renovation in
industry

» False perception that life-times should
be extended as long as possibleina
circular economy, ignoring the full
environmental balance



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

What brings EU-MORE?

Modelling

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.

4

Knowledge exchange

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.

*[f(f@ LIFE project funded under grant agreement N° 101076631

4

Policy developments

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

Circularity promotion

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.



EU-MORE

www.eu-more.eu

WWW,
_ - o
EUropean MOtor 4
REnovation initiative

https://www.linkedin.com/company/eu-more/

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

This project has been co-funded by the European Climate Infrastructure and Environment Executive Agency under the LIFE call, LIFE-2021-
CET-POLICY, with grant agreement N° 101076631.

Views and opinions expressed here 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.
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