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Agenda

o QOverview on portability of applications and semantic models
o DigiBUILD tools to extend existing ontologies and create semantic models

o BuildON architecture leveraging semantic models for portable applications

o Demonstration




Portability of applications: plug-and-play, the ideal goal

Mobile industry Building industry

- ) .

Y% Develop 7 Develop & %5 Develop &

<> App Deploy App Deploy App
A 1-6 months 1-6 months

1-6 months

EU to have 35 million building units
ab “Deploy” App renovated by 2030

30 sec (per phone)

®» P
: !
E 35M phones
33.8 =year‘s

@ Wed, 28 October 2020

! \
35M buildings
o 17.53 million years

Current practice is not scalable!

©) Pritoni - LBNL, 2022



https://www.youtube.com/watch?v=e43Y9vb1JaU

Portability of applications

Why is developing portable applications so hard? -
Every building is a

©  Heterogeneity prototype. No two

®  Data sources with various formats, vendors, protocols are al'ke°h'He|mUt
Jahn

®  Custom design of systems

Lack of syntatic (technical) interoperability Lack of semantic interoperability

" Data silos and spaghetti -
arrangement (ad-hoc,
. Lo . <plant>
point-to-point integration) w

The “meaning of the data” (metadata) is
not easily interpretable

= Metadata are described by informal,

. .
Partially addressed by customised, ambiguous point names

standard communication Krantaz. 2010 (labels, graphics, docs..)
’ ’ .
protocols (e.g., BACnet,
. ir handli it ; Zone air temperature setpoint .
Madbus..) exampfezhandlinguni,_ zone id ke r coficepits - LBNL. 2022

SODA1R 465 __ ARS
Slte o / \Random

Air handling zone
unit delimiter



https://www.peterkrantz.com/2010/a-lightweight-semantic-interoperability-framework-for-countries-and-large-organizations-and-small-ones/
https://www.youtube.com/watch?v=e43Y9vb1JaU

Portability of applications

What can we do? Where can we improve?

2

K]

k> Assess existing Configure the

o Discover the data Develop a : g :

2 systems and user o o o o application using a

= . : points in a specific building-specific o o

S requirements in a buildin application building-specific

2 specific building & PP point mapping

©
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‘ \ } #Service #Service #Service

“..can cost several hundreds of Y

dollars per point (Granderson

ggﬂ)‘ =
.!m‘:> sk

tr 0
and Lin 2016).” Could be highly simplified using standardised metadata
(semantic models) \ “
5 B

Standalones Services...
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https://www.youtube.com/watch?v=e43Y9vb1JaU

Portability of applications N

How to improve semantic interoperability? example

° Semantic models are data models that structure,
represent, and add context and meaning to data.

° Built on ontologies: __

- define concepts based on standard class _ {wes ) [ mes Ly hasrer: (NI :
structure and relationships Building - oS <. G —

modelled with hasPoint hasPoin haspolm
“  formal, well-defined, precise language Brick :‘{m‘::"“"”“ (e meenn (Weeirr)) | ________ —
e | | e
u shared understanding among different (ssppty wic rion sensor | . _}ggﬁﬁmsf:m !
systems and users ) s ——————- !

Fierro & Koh, 2019



https://brickschema.org/papers/Brick_Memoori_Webinar_Presentation.pdf

Portability of applications

Ontology-based data access (OBDA)

° Standard, consistent and easily discoverable data points
° Unified data access and self-configuration
° Reduce costs, rely less on human expertise and increase scalability

Application layer
Query

cate_uutd 75enp_uuld Tveather_mitd FRON clee WHERE {

queries

=

Conceptual layer

mappings

“Develop Once, Deploy Anywhere”
Data layer




DigiBUILD tools to extend
existing ontologies and create

DlngU"_D semantic models

Prof Dimitrios Rovas, UCL
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About DigiBUILD

High-Quality Data-Driven Services for a Digital Built
Environment towards a Climate-Neutral Building Stock

» Call: “Advanced data-driven monitoring of building

stock energy performance”

» Partnership: 17 organisations from 11 Countries
(Coordinator: ENG,IT)

* 10 Pilots (mix residential and non-residential)
 Cluster 1: Building Performance
 Cluster 2: Buildings vs Infrastructure Smart Management

 Cluster 3: Policy & Finance

)

DigiBUILD

@ DigiBUILD
Fig. 3.2 Consortium Synthesis

FVH Pilot 7

IEECP Policy Making

UCL Pilot 1 o 23
CWARE Social engagement
A b

el

EHP Dissemination

CARTIF Technology Provider
VEOLIA Piot 4

EDP Innovation
Management

ENG Project Coordinator
UNIVPM Pilot Coordinator
FOCCHI & EMO Piot5 IRON Piot 6

NTUA Scientific Coordinator

Funded by
the European Union
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Challenge @

DigiBUILD

Building Data Data Model Querying Services

ubisaq
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RealEstateCore @
Monitoring
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Ontology Development
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|| THINGS .“

7

\ReaIEstateCore P
\
rw

e

. o
N

!

DigiBuild
Ontology Requirements Specification

' l

:hasPoint

owns owns

:hasPart

:observed :hasReference
:calculated

:predictad

[

DigiBUILD

:hasLocation

:hasPart

:hasPoint

Gl DigiBUILD Ontology

Core Module Building Module Contextual Module
== =3 =n

Quantitative Module  Temporal Module
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Knowledge Graph Network

DigiBUILD

Building Data Templates ETLs Partial Graphs Combined Graph

" il connector &

ETL
EquipmentHasPointPoint » »
Automatic

export

&
ERE R A A R}

Structured data RN N
= ) = =)
EquipmentHasLocationLocation

Semi-automatic! =M -
export and m
enrichment EquipmentHasPartEquipment - ETL ‘
Pilots’ point lists and N tea ’
additional doc (e.g., S -7 e .-

HVAC diagrams)

IFC model =) ETL =)

: ‘ Automatic
,\ export
Pilots’ BIM model
(e.g., Revit)
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Semantic Enrichment: Geometric Relationship Checker (GRC)

P | mp| crc |m |

IFC RDF
Geometric Geometric
representations relations

70 cm]

IFC (ARC)

IFC (MEP)

0 Entities
Air terminals
Duct segments
Element proxies
Duct fittings

=

Conceptual
]
> 17

§ ;ntity A | EntityB
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|

| —
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Geometric relation: Clash — Semantic relation: Connectivity

; Conceptual Graphical
i ;mity A | EntityB -
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I [ -]

Geometric relation: Adjacency — Semantic relation: Connectivity

Conceptual

ntityA  Entity B
[

Graphical

—
{
-

I

—

ic relation: C

Geometric relation: C

=

Geometric
Relationship
Checker
(GRC)

DigiBUILD
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Semantic Enrichment: Energy Model Generation for Digital Twins @
DigiBUILD

IFC4 CBIP
exportation Enrichment
=> => Building Energy Model
Generation
o
Extraction of IFC Aot
EDF pilot spatial geometry Erlmchment
from IFC4 with Space
Boundaries

Funded by
the European Union




DigiBUILD Data Integration Middleware
DigiBUILD

oigisuno

ctor-base microservices framework

Appiications.
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Modules wmpor o Exvor [T

@ comecions Name Descrpton Aotions
2 e 01 HERON SV Mapping Mappig domiplay
O1_HERON -GSV Mapping Manpingshelphug
L] I FC tO |{D F 01 HERON JSON Metadtato RO Timeseris JSON Metadata ROF R oigisuito
X tic Metadita o AOF SV Staic Metadata 10 RO
2 Modules
® o osies - 01 HERON.Tin ey Enge
Pri— 01 HERON - Trno Query Engine Tino Connector
B Pojecs
2. East-MaTT Scan MaTT Scan Servce £
° XML to RDF et st gt s o
@ comections
7.0 Fast -Points Mapning G5V 1o OF. Transforms GSV 10 RO
@ Senings Scheduler v2 Keyeloak Authentc.. Crestecollection Tino query Storerie
02.U0L East-Pofts 1005V Transtorms Pons JSON 1005V output1 ¥ oot 1 ouput1 P w1 ouput w1 ouputt P oputy
—
VM Demo- BMS staio dta (C5Y) S metadata mapper | Tino Query StoreFle rino qusry Stoerile
P E— / P g1 oupurt PP opury P o1 owput1 PP i1
FVH Demo B satc data (nAkDE) 0B meta data magper my
q nput 1 output 1 ¥ input1 Trino Query StoreFille Trino Query. StoreFile
"
FVH Dema- G 1o ROF Fopulating BRICK ooy using 3 provided — P e i T o T
-, / oy
NIUA - Cnerey Mieters 3 hase 11no Connecto 3 Phss Lneraybeter (‘ (0 g U Ting Query Storele Trino Query Storerie
P—
NTUA - Energy Mt A1C Tina Connector, AC gy meters X —
mput1 ouputl P ¥ input1 Trino Query StoreFile “Trino Query. Storefile
\ N NS
\G _— L e P S
/ Wiy
< Input 1 Output 1 ‘\ﬂ nput 1 Trino Query StoreFile \\‘mmom StoreFile
o ’
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=
¥ nput output1 P input1 Trino Query StoreFile. \:.imom StoreFile.
AN AN g1 w1 PP ipurt e
RDF ETL oo cusry Storerie -

Model Checking Modules Semantic Enrichment Modules Qront ownt P oy S e
Modules ]

* w1 outputt P input1 input1 gt P nput

EEera /S Trino Query StoreFile Trino Query Storefile
¥ inpu utput 1 P F inpus inpur utput 1 P input

Finput1 output1 P nput1 ouiput1 ¥ LRt T L LRl GRLd Input )

Funded by
the European Union




RDF ETL Modules: Knowledge Graph Generation
- DigiBUILD

FVH pilot
"*-: P
— 3 e s
—
€ = I
) ;'...; '_.. &
NTUA pilot *tele®
Funded by

the European Union




Semantic Validation & Completeness Checking

+ Validate the semantic completeness of the RDF
knowledge graphs

* SHACL (SHApes Constraint Language) takes the
RDF graph and the SHACL Shapes

* Validation Engine (i.e., Pyshacl) returns a
validation report including errors.

RDF GRAPH

SHACL SHAPES

)

error #1

A

| eror#2

K

A :

SHACL Target Node

error #4

giky

error #1
error #2

error #3

XX XX

error #4

Validation
Report

)

DigiBUILD

Funded by
the European Union



Semantic Validation & Completeness Checking @
DigiBUILD
« For example, every :Point must have exactly one
:TimeseriesReference % Eﬁi}-g;ng O m:dated

« Essential for the integration static and dynamic data
» Automated semantic validation for thousands of points

« Ensure semantic completeness for each knowledge graph

R pigisuiLo S i

uemies

Funded by
the European Union
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BuildON architecture leveraging
semantic models for portable applications

BuildON



BuildON overview

Affordable and digital solutions to Build the next generatiON of smart EU

buildings, focusing on replicable building applications.

Partnership: 20 organisations from 9 Countries
(Coordinator: CARTIF,ES)

5 Pilots (mix residential and non-residential)

11 Monitor, Assess, Predict and Optimise (MAPO)

services/applications

Co-funded by
the European Union

Call: “Smarter buildings for better energy performance”
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()FR| EDF,
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Software architecture

Data Architecture
sources components
r————n

i
Utility mnnmnn

Interval _’

Meters G&V/

Weather @'—} I

Stations nnnn
111]

Applications/
services

Building E—]
Automation
System (BAS) nnnnmnn

o & — T

Devices
— i
Dls%ﬁ::egg %—} mnnnn
Resources ULLL 1]

Crowe et al., 2020

Co-funded by
the European Union

Monthly Data Analytics

Energy Information System
© Interval Meter Data Analytics
® Advanced M&V
(Measurement and Verification)

Fault Detection and Diagnostics

Automated System Optimization

Foundation to create components that support
portability of applications..

Unified data access and contextualisation
Enhanced interoperability (technical and semantic)
Easy integration of new data sources

Real-time response and data storage

Security and privacy

Reliability and fault tolerance

Continuous logging for audit trails and root cause
analysis

@RINE


https://smartenergyanalytics.org/assets/EMIS%20Showcase.pdf

BuildON architecture  rzissman ™1 roosss========z==m======moomooooooos

i Energy Management System
I Controller (DC) BuildON ay g y

loT info

Data

Regory Moniﬁor

=

Core components —

1. Edge domain q E
controller (DC) EH

Semantic

@#HOLISTIC

gateway

Residential
Optimise BuildON

2.  Cloud controller (CC)

|
1
1
1
|
1
1
1
|
1
m ° |
O 5 Engine |
Sensor
Data access and ﬂ[@-\. A :
control manager Offices ﬁgg ™ A I
. 1
(DACM) m Actuator u[n ; 1¥and Control MAPO Services i
. ' wJiw [ Manager - I
4.  Data repository Commercial @) gateway / 1 || (DACM) sers’ Empowerment Tools I
| 1 1 Digital = 1
Controller l " ®
. Build
Universal API ﬁ N | : : Logbook b gh ﬁz ) :
/ \ SRI Calculator —J
Educacional Other data r W ____ [ % Building : Uig::gg%sgs Smart Home | |
N - o | =E=t=En=E Passport o @ System |
o= EUData I%l BuldoN :
) Z9=  Seaces FM Application 1
1

Co-funded by
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BuildON architecture

Domain Controller (DC) and Cloud Controller (CC)

R T——_ %
[ Data connector VeIHE
b oo o oo oo e o e e e o e e | Scheduler
- (cron) Jﬁ
=—‘ _______ T —— N o
! 1 BMS

| Short-term storage | ;  Dataprocessing
———————— Ve = = ] ) GLEte Data Decoders Shuded
’ ‘ Proxy
________________ METERS Modbus
Lightweight services Points configuration ) MODBUSZY BACnet i MQTT
A g T O g 1 jsheeie | Q E’%f} 4 => eCollecier et | | e Extensible interfaces, device-agnostic
) ———— === — = ’ | albie Towards . .
ON- ; DComDev operations and multiple protocols
;’ Field and Web Connectors ! St protocoljproxy] ; P . . . Plep
b e e e e e e — = I - § D ° Dynamic configuration and automated
e T SR discovery (metadata)
BMS / IoT devices e tNS D ili | | duri
AT T o ata resilience (local storage during

o & O

connectivity loss)

| . BuildON




BuildON architecture

Data Access and Control Manager (DACM)

[ Repository

I Universal API ]

S vvintals o
| Data connector

L ____________ I
________ .; == —=—==-=-
| Data logger I Data process 1
________ J e o e =
I— ——————— L I —
I Data broker I Configuration 1
——— _——em el e o - == 1

I%- Data connector !

o |
[ Edge DCs I Cloud CCs ]

_—
//
////
! DC i
) 3 ——
Datapoints Sensors Pilot { . :
% % O 2z |
Datapoints Sensors Pilot oG

Datapoints Sensors Pilot

&R
© o3

Co-funded by
the European Union

Abstraction level of data
needed for Data Repository

Abstraction Level of data
needed for Connector

Metadata
API

p

Topic : pilot1 NaN
Payload : Datapoint1

DATA REPOSITORY

Topic : pilot2 e / 7

Payload : Datapointz NANY «——7777
7

Topic : pilot3

NS
Payload : Datapoint2 .l

Pilot-Gateway

° Abstraction (pilot-level topics,
common payloads)

° Two-way communication with
DCs/CCs

° Quality checks (alerts, writing
protection)




BuildON architecture

BuildON data repository

[ Universal API ]

,____________%
| Data connector

oo o oo o o e e e e e o o

— o e e oy e m e e

" Quality mechanism | Data queries 1
e i — |
=

Data integration | : Data storage 1

Data connector 1 Data ingestion 1

[ oew )

GUI/Digital

Co-funded by
the European Union

) BuildON

# Instances
Connectors
B Digital Twins
= Modules Neme
2 Users DACM
@ Cloud Integration
2 Settings
Actors Properties
Files
Tags Name
Types project alias
Connectors
graph.url

Add Connector

Name

DACM

Description

DACM Kafka Connector

Type

KAFKA [Gateway]

BAChey/IP [Gateway]

KNX/IP [Gateway]
Modbus RTU [Gatewayl
Modbus TCP [Gateway]
Modbus TCP [Edge Devicel
MarTo [Gateway]

0PC UA [Gateway]

https://fuseki openmetrics.eu/CORDIA

CLOSE

3 Instences

B2 Digial Twins

= Modules

2 Users

@ Cloud Integration
Web Services

Message Brokers.

& semings

Cloud Integration — Message Brokers — RabbitMa

c

hannels.

Name

Cordia

Queve

cordia

uB"\:EAEE:;l i = |
Eori3 Q\‘(@@Q
2 [ ]

sssssssss
Control
Manager
(DACH)

»
L,

e
Cloud Contraller (CC) LAY

2

Multiple data connectors

() BuildON




~Edge Domain |
Controller (2C)

° ° D
BuildON architecture TR

| vooiuo ) | Control

ey ) Manager
i (DACH)

|

(@) BuildON

BuildON data repository

£ Instances B
Points EE T o |

B Digial Twine

= Modules PontComment Pontiype Measuremer  EquipmentComment Equpmentl Equipmentlype Pontid

2 Users Power Factor (L3_PF) Power_Factor_Sensor 28600 VRV 3and 4 5917 HccmmLMm
Universal API

@ Cloud Integration

Voltage L1-L2 (VL1-12) Voltage_Sensor 28611 VAV3and 4 5017 Electical Met

Web Services ——

Message Brokers Active Eneray (ph3) Energy_Sensor 28604 VRV3and 4 5917 Flectrical Meti =
e o
& setings Active Energy (ph3) Energy_Sensor 28720 Indoor Electrical Charg. 5922 Eletrical Met,
I Data connector g p—
L I Active Energy (ph1) Energy. Sensor 28627 VRV 5018 Electrical_Met :
- . O E—— S S E— e e [
Active Power (L3.AP) Active.Power_Sensor 28572 VRV1and2 5916 Electrical_Met: 1 —
e e e e e g o . e e
| Quality mechanism | Data queries = ==
_—— e e e A e e - =
-— Active Energy (ph1) Energy_Sensor 28752 Indoor Electrical Charg, 5923 Electrical_Met: ‘e —
________-.________s ] = ?
1 X i | 1 \ AcivePower(1AP)  ActepowerSensor 28745 Indoor ElecticalCharg.. 5923 lectical Met T T -
Data integration Data storage

I . .
Data connector 1 I Data ingestion 1

| .
Multiple data connectors

Metadata registry for
dynamic generation of graphs
Support queries from
Universal API

_—Heat recovery unit
[ DACM ] GUIDigital |  --------- vty 7 F

monitoring and operation ED

3
S
~
£

1 =]
f '7’,‘{ “ EU EV chargers
I o B
District heating network
(fuelled by coal and gas) G',:“;'dp:‘:’;"e

Electrical panels

o Earopat Ul () BuildON




BuildON architecture

Universal Building API

U"’X:: sal Data Requirements Definition
BulldON MAPO Services Equipment type Point type Target type Target name (optional) Interval Historical?  Time range (horizon)
Meter Temperature sensor Zone Environmental 15 minutes v 05/05/2023  05/05/2024
FRONTEND
[ = = === - - Electrical Meter Power sensor Building None 1 hour Nz 05/05/2023  05/05/2024
1 API specification | ‘
v4 GraphDB SPARQL X, it InfluxDB InfluxQL
—— o oy e = =y | SELECT ?id ?db
| BuildON WHERE {
" Service registry || Identity manager |~ ferosion %e Z T brick:{equip_type}: from(bucket: " db *)
—— o = = —— - - rickhasPoint  7p ; i :
ﬁ brick:meters  7target ; |> range(start: “{horizon_start_time/", stop:
__ P a brick:{point_type}: “{horizon_end_time}")
—— - - - - _I 7p refhasTimeseriesid  ?id; b filtertin: () -
ref:storedAt 2db. > filter(fn: (r) => r._measurement ==
Data connector . s R R

OPTIONAL {?target rdfs:label “{target_name}”
}

GET/TempDataPerZone - receive available temperature data per zone

e D
I DACM ]

[ Repository

Universal Data Access
AP Response: .
Option A: { "time": Option B:
AP endpoint <values>, // array of floats, time values at interval for horizon Download
[ﬁ <point_name=>; // str, name of point
<values>, //array of floats, forecast values at interval for horizon
FRONTEND }

Co-funded by
the European Union

Edge Domain

Controller (0C) | BuildoN Cloud Energy Management System

AT

{awousmc| |

)
C g g

Data MAPO Services
sssssss ']

[ Gsers Empoverment Tools

£

()

Standardised and
well-defined interface
to facilitate access to
different pilots’ data

Read historical data
stored via Repository

Read real-time data
and send control
commands via DACM

@RINE




BuildON architecture

Universal Building API

[ BuildON MAPO services ]
2
-]
— #
| API specification 2
e o = = — 1 H
I— ——————— - I— ——————— - g
| Service registry || Identity manager | S
________ [ R |
: E Data connector !
o |

[ orw |

Residential building

Co-funded by
the European Union

DC/CC +DACM

Dynamic data
transmission, logging
and storage

Universal APl + R itory

P

- o
: :
R :
. & — . -
e .
N @ St ol
.
Nortprbes et e Lty = -
;

O

i | e mm : APl

“App store" for MAPO services

endpoint :

E endpoint

Applications

Analytical app
(dashboard)

VIusiIatons Dasteons Ousmessts -

3
CORDIA $1.1 dashboard « s

CORDMA Temperatune.

S

Control app
(demand flexibility)

@RINE




Demonstration
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For more information

For DigiBUILD:

digibuild@live.ucl.ac.uk m

For BuildON:
buildon@live.ucl.ac.uk
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INTRODUCTION

 Energy transition

— From fossil fuels to renewable
energy

— Sustainable energy systems

« Dataand Al-driven energy services

— Vast amounts of data
— Demand Response and
Management Systems in Buildings

 Technology’s Role
— Al as enabler
— Optimize energy use in buildings
ﬂHﬂZ—\)Reduce GHG emissions

SUSTAINABLE
PLACES 2024

Funded by
the European




Challenges

5 Current Energy Consumption in
HHE EU’s Residential and Building
Sector

f\ \ Demand for Energy Flexibility

Q Need for Smart Building Solutions

N

SUSTAINABLE
PLACES 2024

. Funded by
* | the European Union




DEDALUS and DigiBUILD

dedalus

Electrical
flexibility at
different
levels

Flexibility modeling for
data-driven residential
DR

— Building-level

Thermal o
flexibility, — District level

along DhilN — Virtual cluster of

buildings

— Cross-commodity
scenarios

Overall
flexibility

A&

SUSTAINABLE
PLACES 2024

[[7]| DigiBUILD

il

Al-based data-driven
services for the built
environment

— Energy Profiling,
Benchmarking and
Forecasting

— Energy resource
Management

— Enhanced Comfort and
Well-being

— Renovation roadmaps

— Climate resilient buildings




dedalus

Aggregated Flexibility

Issue without Device-Specific

Data
Lack of detailed device-specific Develop a hypothetical approach to
information and data makes it difficult to construct an aggregated flexibility
identify and quantify flexibility within a baseline load using building-level data.
building.

This baseline approximates electricity
consumption and production in the
absence of specific DR events.

Iyl

SUSTAINABLE
PLACES 2024




Methodology Overview

Steps:

1. Energy Prediction Model: Forecast energy consumption
and production using a Long Short-Term Memory (LSTM)
model.

2. Flexibility Definition: Establish a baseline for expected
energy patterns, including maximum and minimum
flexibility.

3. Comparison with Baseline: |Identify deviations between
predicted values and baseline to determine flexibility.

Iyl
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Energy
Consumption

v

Energy

Production

\J

Data Analysis

{ Data Analysis }

Data Data
Preprocessing Preprocessing
v \i
LSTM Model LSTM Model
, :
Model Training Model Training
y !
Predicted Predicted

Consumption Production
v ;
Performance Performance
Evaluation Evaluation

]

L]

r

] Calculation of Flexibility Baseline

’ Calculation of Flexibility Above }

{ Calculation of Flexibility Below }

dedalus




Data Collection dedalus

Building:

Residential building in Wiener Neustadt,
Austria.

The building consists of two floors and
for each floor there is a dedicated
photovoltaic (PV) system supplying
electricity.

Dataset:

Energy consumption data

PV production data

Duration:
Two years of hourly data

Iyl
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Weekday Analysis

Analysis for each
day of the week
to understand
daily patterns.

SUSTAINABLE
PLACES 2024
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Prediction Analysis dedalus

Visual comparison of predicted values with baseline and flexibility levels.

Baseline CHICUIatiOn: Target Day: 2023-10-16, Day of the Week: Monday

. === Actual Energy Consumption
Weekday anaIySIS 22.579 ~~- predicted E:ngy Conszmption
Establish a reference baseline by calculating the e o il
average energy consumption and production for 20.0 Min Flexibility

each hour for all the corresponding weekdays over

the past 30 days.

17.5 1
This baseline re_g()_resents the expected normal
oper?tmg conditions without any demand response
events.

Energy Consumption [kWh]
G
o

Flexibility Levels:

Weekday analysis 10.0

Determine the potential range of flexibility by

identifying the maximum and minimum energy

consumption and production values for each hour

for all the corresponding weekdays over the same T EEEEEREEE T I T E EE E IS LR Y
ay pe 10d. Hour of the Day

7.5 1

These levels indicate the upper and lower bounds
within which energ3( adjustments can be made,
highlighting the building's potential for DR

J_ll_II—IQSBrUGpat|on.
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Flexibility Estimation (1/2) dedalus

Calculation of Energy Flexibility Indicators (EFIs) for each hour of the day

Flexibilityy,qx con[h] — Baseline ,,[h]

EFlp,conlh] = Baseline,,, [h] * 100%
EFls for Consumption
EFLign conlh] = abs(F lexibilit)l;,zi::l(; [ei:(]m—[ ’gaselinecon [R]) . 100%
Flexibilit h] — Baseli h
Bl o] = P e oo
EFls for Production
EFlgoumprolh] = abs(Flexibilitymin pro [R] — Baselineyy,[h]) «100%

Baseline,,, [h]

Iyl
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Flexibility Estimation (2/2)

Split the day in time intervals suitable for DR strategies and calculate EFls for these time

intervals
Peak consumption (hours) Off Peak consumption (hours)
Peak Production (hours) A B
Off Peak Production (hours) C D

_ Xnea(EFlgown con[h])

YheA (EFIup,con [h])
= EFIpeak,peak down “A ’

EFI =
peak,peak up HA ’

A: hour € peak consumption N peak production

M (EFI ) [h])
EFIOf fpeak,peak up = heB #1;17 con '

B: hour € of f peak consumption N peak production

Yhec(EFIyp con[h])
EFlyeak of fpeak up = e #1213 —

C: hour € peak consumption N of f peak production

2nep (EFlup con[h])
EFIoffpeak,offpeakup= heb #1;pcon )

A: hour € peak consumption N peak production

_ 2ne(EFlgown,con[N])

EFIoffpeak,peak down — 4B ’

B: hour € of f peak consumption N peak production

EFI _ Ynec(EFldown,con[l])
peak,of fpeak down — “#C ’

C: hour € peak consumption N of f peak production

X (EFlg4 ) [h])
EFIOffPeak,offpeak down = heD #(;)Wn con ’

D: hour € of f peak consumption N of f peak production

ﬂl—lﬂQ D: hour € of f peak consumption N of f peak production
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dedalus

Dedalus Flexibility Assessment Tool Welcome, ssarantinopoulos 9

A Homepage Please Select a Country

. Data Insertion

¥ .

Country 'Greece' selected, now please choose an option

AGGREGATED DISAGGREGATED

Flexibility Assessment Tool

© DEDALUS Consortium 2024 All rights reserved. - Co-funded by the Horizon 2020 Framework Programme of the European Union under grant agreement No 101103598
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dedalus

< Dedalus Flexibility Assessment Tool Welcome, ssarantinopoulos g

Selected Country: Greece Selected Option: Aggregated

3
=
fd
c
Q
=
7))
7))
) :
7))
7y)
<
>
=
X
9
LL

f® Homepage

@ select Country @ select Model

@  Flexibility Model @ Insert Data

© select Flexibility Time Range @

1 day 2 days 3 days 4 days 5 days 6 days 7 days

NEXT BACK

o Calculate Flexibility

© DEDALUS Consortium 2024.All nghts reserved. - Co-funded by the Horizon 2020 Framework Frogramme of the European Union under grant agreement No 101103998

SUSTAINABLE
PLACES 2024




Flexibility Assessment Tool

Iyl
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L
@
3]

®

Homepage

Select Country

Data Insertion

lexibility Model

A,

'\.}' Dedalus Flexibility Assess

ment Tool

Data Analytics

Total Consumption: 161191.34 kWh Duration: 682.00 days
Total Production: 72434.88 kWh Frequency: Hourly data

Combined Consumption and Production Data

Combined Consumption and Production Data

30

20

y i‘H
| | L

wk.mm ML‘M'VMMMW'“"'”" UL

_nerg'/ (kwin)

May 22 Jul'22 Sep '22 Nov Jan 23 May 23 Jul'23 Sep 23 Nov
Datetime
— Production == Consumption

Max Consumption Day: 2023-01-28 (3.61 kW)
Max Production Day: 2023-06-29 (2.27 kW)

dedalus

While the model is training, he is presented with some data analytics on the
uploaded dataset.




dedalus

o

¢
U iedalus Flexibiir ssessment Tool ‘elcome, ssarantmopou oS
< @) Dedalus Flexibility A Tool Wel d I

Max Consumption Day: 2023-01-28 (3.61 kW)
Max Production Day: 2023-06-29 (2.27 kW)

® Homepage

@  select Country
Flexibility Data (Weekly)

B Datansertion Flexibility Consumption and Production Data

25

uction (KWh!

onsumption/Prod

Vo \

T T T T T T T T T
9 Nov 12:00 10 Nov 12:00 11 Nov 12:00 12 Nov 12:00 13 Nov 12:00 14 Nov 12:00
Time

<O Baseline Consumption {3 Baseline Production

Next Day Forecast - Consumption

Next Day Forecast - Consumption

Z 22:00
= Flexibility Down Consumption: 9.5
210 —
3
2
G 8
S

6

4

000 100 200 300 400 500 600 700 800 900 1000 11:00 12:00 13:00 14:00 1500 16:00 17.00 1800 19:00 20:00 21:00 22:00 23:00
Hour
Baseline Consumption ~ -#- Flexibility Up Consumption Flexibility Down Consumption

Flexibility Assessment Tool

- Lo-funded by the

© DEDALUS Consortium 2024.All righ

zon 2020 Framework Programme of the European Union under grant agreement No 101103998
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NILM (Non-Intrusive Load Monitoring) =~ 9ed@lus

House266 - Site Meter and Appliances (Log Scale)

Disaggregation of the total household energy
consumption into individual appliance usage
without requiring intrusive sensors on each |
device. N T R l}| | lHI |
"rul IR 1 (R | VAR
e Models Used: Factorial Hidden Markov
Model (FHMM), Combinatorial
Optimization (CO). ® st e v corsmton
e Identification of Flexible Devices )

2023-11 2023-12 2024-01 2024-02 2024-03 2024-04 2024-05

- Appliances
: Washer
Houses TV A/C Dish Washgr Machine Dryer EV Freezer
Washer ~ Machine
/ Dryer
28 29 23 10 19 3 3 2 1

e
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Enhancing Building Management through services for better-informed

decision making

» Al-Based Services for finer-grained Energy
Profiling and Forecasting

» Data-driven services for Energy Recourse
Management

* Data-Driven Energy & Non-Energy
Services for Enhanced Comfort and
well-being

» Data-driven services for Renovation
Roadmaps and Energy Efficiency Financing

* Services supporting Decision-Making
under Uncertainty for Efficient and Climate
Resilient Buildings

e
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Geographic span of DigiBUILD's pilot cases

Pilot 8
Pay for Comfort Schemes
[IEECP, Netherlands]

Pilot 2

Retrofitting Old Building
with Smart HVAC Systems
[EDF, France]

b & Pilotg
i ,/9 Financing Energy

Efficiency in Buildings

[NTUA, EU]

Pilot4 ©
Improving Data
Quality and Analytics
in Thermal Networks
[VEOLIA, Spain]

Pilot 5 (Use case b) 6
Designing Future
Buildings and Building
Processesin Industrial
Areas [FOCCHI, Italy]

Pilot 7
Climate Resilient
Buildings [FVH, Finland]

Pilot1 O -
Big Data Analytics for
Proactive Facility

Management [UCL, UK]

DigiBUILD

9pilots 10 Usecases 8 European Countries

© pilot Cluster 1: Buildings’ performance

O Ppilot Cluster 2: Buildings vs infrastructure optimal management
© Pilot Cluster 3: Policy & finance

W Arid, desert, hot (BWh)
W Arid, desert, cold (BWk)
W Arid, steppe, hot (BSh)
Arid, steppe, cold (BSk)
Temperate, dry summer, hot summer (Csa)
W Temperate, dry summer, warm summer (Csb)
BN Temperate, dry summer, cold summer (Csc)
Temperate, no dry season, hot summer (Cfa)
I Temperate, no dry season, warm summer (Cfb)
B Temperate, no dry season, cold summer (Cfc)
mm Cold, dry summer, hot summer (Dsa)
W Cold, dry summer, warm summer (Dsb)
m Cold, dry summer, cold summer (Dsc)
W Cold, no dry season, hot summer (Dfa)
W Cold, no dry season, warm summer (Dfb)
W Cold, no dry season, cold summer (Dfc)
B Polar, tundra (ET)
W Polar, frost (EF)

\ Pilot3

Dynamic Building Information
Tools for Deep Energy Renovations

Pilot 5 (Use case a) [1AS! & SITTA, Romania]

EV-fleet Smart Charging O Pilot 6

Management to Carbon ~Free Buildings

Increase Office Building with Flexible Assets -
DigiBUILD

Efficiency [EMO, Italy] [HERON, Greece] '8!

Funded by
the European Union




Services’ Role in DigiBUILD

DigiBUILD

Data Interoperability
) ( & High Quality Data

— Digital Twins
/-Al-models and ) -

K-Multiple & Diverse
algorithmic techniques

stakeholders

« Data quality * Provide deeper insights

L (:O"d i d | I . .I i | = I | = |'n g

« Efficient data sharing + Cloud-based Toolbox

e Y, Data-driven Y,
services

N | o Contric Design

Funded by

SUSTAINABLE
the European Union
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Al-based services for finer grained energy profiling and forecasting

Objectives:
0 Building Demand Forecasting

0 Advanced monitoring and
Benchmarking

0 RES Forecasting

Tools:
ML Algorithms
Neural Networks

Transfer Learning

SN KX

Incremental Learning

e
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. Source Domain

Learning Task

Base Problem

Obtained Knowledge

Model Training

Ml

DigiBUILD

ST

Learning Task

Funded by
the European Union



4
Al-based services for finer grained energy profiling and forecasting @

1 1 ]
Building il Section ! Floor il Space
Level 1 Level ' Level ' Level
1 4 1
1 , 1
1

DigiBUILD

MLP NN Hierarchical Forecasting +

— Hierarchical-level segmentation : —

* Handles irregular time series data effectively

« Adaptable to dynamic environments

— Advantages

* GCreat balance between accuracy and efficiency in training vain Buicing M sectors X
. 1 uiniai
time and resources. - : .

*  Better insights and decision-making for energy management
in complex buildings I

Jaysinpyinpyinyyinysing sy assingningyi i

e
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Al-based services for finer grained energy profiling and forecasting

Energy Efficiency and HVAC Units Replacement in Office Buildings

Scalable approach

—  User-friendly web-app
AC ROOM 24

— Integrated with BMS

Monitoring & Benchmarking

—  Model User behavior and occupancy patterns

AC ROOM 30A

—  Real-time data monitoring and visualization PVM Simulation

Replacements Recommendations

—  Economic returns and energy savings

e
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Ml

DigiBUILD
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Data-driven services for energy resources management m

The Smart Grid Example

Battery

oy
Pev> PLoap * Pey ! ()

‘ Pess (battery charging)
Solar PV P,
v

@) ———

PLOAD

—_—
—_— .
Pev

| \
L 4
Prer |
@ Point of Common Coupling

Xy

e
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Building

EV Charging
Stations

DigiBUILD

Objectives:

0 Flexibility Management

0 Optimal Management of Flexible Loads
0 District Heating Management

0 E-mobility

Tools:

Reinforcement Learning
Gradient Boosting
Optimization Algorithms

LN N N N

Heuristic Algorithms

Funded by
the European Union




Data-driven services for energy resources management m

DigiBUILD

CO2 Rate over Time

Energy forecasting
- LightGBM

* Reinforcement Learning

Carbon Footprint Estimation

PLLLL LSS LLLLL L LELSELLLSLSLSLSL LS

* Multicriteria Decision Analysis

Energy Resource Management

* Optimised custom NSCA-I| Carbon Footprint
Estimation

Energy Resource
Management

S Digital

Energy

Forecasting

lI | J 1 I 1 1) jrp—
| | J | 2=% Sam I
\ ﬁu: g T -
~ o’ N Data sources/DigiBUILD DWH
SUSTAINABLE Funded by
PLACES 2024
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Decision-making under uncertainty tools for efficient and climate resilient @

buildings

Objectives

JAccurate Evaluation of Climate Resilience

dComprehensive Understanding of Building
Vulnerabilities

JdUser-Friendly Analytical Tool

e
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DigiBUILD

Achievements

v'Innovative and Detailed Scoring
System

v'Location-Specific Assessment
v Intuitive Web-Based Tool

Funded by
the European Union




Decision-making under uncertainty tools for efficient and climate resilient

buildings

v Assesses a building's ability to
anticipate, prepare for, respond to, and
recover from climate events.

v Adynamic weighting system based on
climate exposure was developed,
allowing for location-specific resilience
assessments.

v Evaluates vulnerability in different
domains of buildings’ components
(energy systems, building envelope,
water systems, etc.)

e
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(@) pigiBuILD
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Exposure Analysis

Ml

DigiBUILD

Heat Wave ry Higl [ score per domain
Cold Wave — Heat Wave.
w0
Heavy Precipitat — Moderat A
Storm — 0
nnnnnn
25
Flood —_—
20
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VULNERABILITY ANALYSIS
— e
EXPOSURE ANALYSIS
BUILDING CHARACTERISTICS
RESULTS
o | e | — T
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o
“
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%
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o
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KEY TAKEWAYS

e Al-driven energy services optimize energy use, cut
costs, and enhance sustainability.

 Smart building solutions improve energy flexibility,
resilience, and occupant comfort.

 EU projects like DigiBUILD and DEDALUS are
pioneering the future of energy management by
leveraging Al to tackle energy challenges in buildings.

« Adopting these innovations is critical for achieving the
EU’s 2050 zero-emission building stock target and
enhancing resilience.

A&
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FUTURE IMPACT

e Scaling smart technologies will be crucial in
achieving climate and energy goals.

« Al and data-driven solutions will revolutionize energy
management, leading to more resilient and adaptive
buildings.

 Policy makers and regulations play a vital role in
accelerating the adoption of these innovations.

 The next decade will be pivotal in accelerating the
adoption of these innovations across the EU.

A&
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LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY
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PLACES 2024

I I S I @ EEEEEEEEEEEEEEE
)
1
o &
7l
10 e o
o

DATA-DRIVEN SMART BUILDINGS

WORKSHOP

Thank you!

dedalus [15]] DigiBUILD

@ www.sustainableplaces.eu



Leveraging shared
knowledge to boost
data-driven workflows

Services for Advanced Energy
Efficiency

25.9.2024 - Workshop

Cristian Pozza
Eurac Research

N This project has received funding from the European Union’s Horizon Europe research and innovation
i % programme under grant agreement No 101069834. Views and opinions expressed are however those of A
* the author(s) only and do not necessarily reflect those of the European Union or CINEA
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Drivers

* Needs:

» Data collection,
Standardization (previous
presentation)

« Complete, trusted high quality
datasets

* Reliable data-driven services
* Interoperability

 Advanced data-driven
services are there

« Still barriers are in:
* sharing data with services
* integrating services in
organizations’ workflows




MODERATE Approach

(XD

1. Define a sw pipeline

 Data collection, processing, standardization
* Synthetization and enrichment

* Interoperable data-driven services

Validate on real case studies

3. Make the pipeline adoptable by new stakeholders for their
business, assets and needs

4. Share openly, to enable replication and adaptation to specific
case




Sharing data with services Omgc

In many situations, sharing
data is an essential step:
* Intra-company, i.e. mktg
» External developers

* ...but confidentiality issues
are a barrier

* To this end, data

synthetization provides:

 Scalability, bias reduction,
variety & volume

 Cost savings

* Enhancing ML, integration with
real data

* Privacy, data protection,
facilitate storage and sharing

o ...but skills, effort, time
needed




Data synthetization and sharing

* By a pipeline, ML models * Making it possible to
can be trained using different generate complete, coherent,
generative algorithms (GAN, high-quality synthetic
conditional diffusion model, datasets

...) and validated - Energy, IEQ and other
relevant parameters

 Static and dynamic data

 Different level of data
aggregation




Example (GAN)
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https://doi.org/10.1007/978-3-031-47909-0_7

Example (CDM)

Internal temperature area 3

Internal temperature area 1

? i

Day of the Week
2

0 4 8 121620
Hour of the Day

18.0

Internal temperature area 1

Mon

z

=

Day of the Week

B

sun — T T
0 4 8 1216 20
Hour of the Day

24

Internal temperature area 2

Day of the Week

Z

2

=

1

0 4 8121620
Hour of the Day

23.0

225

20.0

195

Internal temperature area 2

Day of the Week

Mon

z

3
c
!

B

Sat A

Sun

0 4 8 121620
Hour of the Day

24.0

215

Day of the Week

0 4 8121620
Hour of the Day

Synthetic Data Starting 03-15

23.0

22.5

22.0

20.0

Internal temperature area 4

Day of the Week

-
T
c

£

0 4 8121620
Hour of the Day

Mon
225
Tue
22.0
¥ Wed
L
215 s
Y o
2 £ Thu
5w
2107 2
8 Fri
20.5
sat
20.0
sun

Synthetic Data Starting 03-15

Internal temperature area 3

Day of the Week

Mon

Tue

Wed

Thu

Sat

Sun

0 4 8 121620
Hour of the Day

20.5

19.0

18.5

Internal temperature area 4

Day of the Week

Tue

Wed

Thu

Sat

Sun

0 4 8 121620
Hour of the Day

23.0 Mon
Tue
225
3
o Wed
s
208 2
%’ Thu
>
a
215 Fri
Sat
21.0
sun

External temperature

0 4 8 121620

Hour of the Day

External temperature

0 4 8121620
Hour of the Day

=
Value

@

o

HVAC power

Day of the Week
3 7
c Q

£

g

0 4 8121620
Hour of the Day

HVAC power

z

Day of the Week
=
-
=

3

Sat A

sun

0 4 8 121620
Hour of the Day

Day of the Week

Day of the Week

Global power

11
Tue
Wed 10
Thu I 9
Fri
8
Sat I
7
Sun
0 4 8 121620
Hour of the Day
Global power
Mon 8
Tue
7
Wed
6
Thu
5
Fri 4
4
Sat
3
sun

0 4 8 121620
Hour of the Day

Value

Value




Can we make on-demand generator of
synthetic data?

* Not really, because the e ...but you can:
generation depends on the - Use MODERATE pipelines
input data and on the and see them in action
purpose for the model - Simply take MODERATE OS
. And a kev priority when codes and documentation,
y priority then DIY

generating synthetic data is
preserving the privacy of
sensitive information while
maintaining high utility in
services




How predictive models can be improved

* AIM: identify a model that is able to predict the performance of
building using a large EPC dataset?

 PROBLEM: high performance buildings (CLASS A, A+ - old
measurement scale) represent very low percentages compared
to the entire dataset:

1) Class A buildings : 3%
2) Class A+ buildings: 0.5%.

«SOLUTION: Synthetize EPC of A and A+ classes using
CTGAN*, generate 300,000 EPC in classes A and A+, ->
iIntegrate dataset as training in a NN model to predict building

performance
* Modeling Tabular data using Conditional GAN, NeurlPS 2020 conference



https://arxiv.org/abs/1907.00503

How predictive models can be improved

‘Q Geometry

Geometric building data
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How quality checking of EPC can be
improved

» Static models that are * EPC can also be compared
compared with the EPC with a synthetic dataset
introduced by the user shared from public bodies

- - L o Cross-referencing with a
_____ comprehensive dataset
r— I o Greater adaptability to
R T changing conditions
o More accurate comparisons

with real-time data

~ - -




Data-driven services <>C>

e Fault detection and  M&V tool

forecasting * Benchmarking,

* Energy system optimization geo-clustering
« ECM planning tool  De-risking for EE projects ) 4
* Solar PV tool  EPC quality and

» Local Energy Communities harmonization




Building
Automation

Examples: 3rd party service prowde@

Time series-based energy benchmarking

What challenges does this service address? « Dynamic identification of similar buildings
- Static and pre-defined classes of comparison |dentification of the set of buildings against which compare
_ o _ a new building considering feature extraction processes
Poor results since buildings in the same end-use category are and data analytics techniques
heterogeneous and electric consumption is driven by different _ _ _
variables. » Use of time series data for operational KPI
calculation

» Use of aggregated data such as bills
Load shape pattern frequency, anomaly rate, load volatility,

This prevents understanding the causes of sub-optimal operational schedule efficiency
performance.
o » Real-time benchmarking
Identification of
S Moderata DB peer buildings Promptly identification of sub-optimal performance with
S | real-time updates.
Performance score - Season Performance score - Load condition
Time series data T oct wier L. o ;;,lmyijm;‘“l"m ‘
?Feavture'extrvéctio'h T P
Performance A / e " PrAvEgrlocys
score 1
8 o @ Benchmarking | - e . S
Syste m o o Winter »::orenc-s Summel‘:ovkdcys

=~ Performance score considering entire PSU = Performance score considering peer buildings

Piscitelli, M. S., Giudice, R., & Capozzoli, A. (2024). A holistic time series-based energy benchmarking framework for applications in large stocks of buildings. Applied
Enerav. 357. 12255.



Power (kW)

Building
Automation

Examples: 3rd party service prowde@ e

Anomaly detection on building electrical load timeseries

What challenges does this service address?

» Usually performed on single dataset owned

by the user

» The algorithm is not publicly available and the
process not replicable on other datasets

Cluster 3

The current cluster contains 36 days and 1 anomalies identifi
start in [05:45,06:45). The plot referring to the cluster and re
refers to the anomalous day, while the kght orange box refers

Date

2019-08-07 80

= N w & @ @ N
S B 8 8 8 :F 8 8

Dataset Summary

The dataset under analysis refers to the variable ‘Total_Power':

rum2090 0 000000
201!

- Tos
. 365 dm
* 1observation every 15 minutes
+ 96 observations per day

« 4 observations per hour

+ 35040 total observations

The line plot represented in the following image represents the whole dataset. In gray the days where no anomalies where found while in red are

highlighted the anomalous days, identified by the CMP proceed. Please mind that the identified anomalous days may be anomalous only in certain sub

daily sequences as further described in the analysis that follows.

Electrical Load (kW)

s 388 8¢83¢8

» Opportunity to develop and deliver a
standard process that is replicable across

different buildings

« Offers an open testbed to perform anomaly
detection according to user inputs on diverse

buildings end uses

—

Moderate Ul
|

Input
variables
selection

O .

A

(-

Acts toward energy
waste reduction

= Moderate Platform

Time series data

iAnomaIy detection Tool

l

Report




MODERATE marketplace

.AII Open datasets, SerViCGS m Services Datasets About MODERATE Q
and sw pipelines at hand
% :

Solar Cadastre LEC Location Assessment

n n
 Programming environment
The Solar Cadastre is a tool designed to visualize To support LECs promoters and interested parties,
( p I a yg ro u n d ) the solar potential of roofs and analyse the such as citizens, this tool aims at assessing the

potential benefits of photovoltaic systems at the feasibility of locations (municipalities) to develop
building level, with a focus on the energy and LECs considering a wide range of data and
economic aspects knowledge

* Test-before-invest and
Support to companies




Key takeaways

* Open datasets and data-driven services for energy and
building sector

e A collaborative environment to boost services with realistic
data

* Find out ML models and techniques for data synthetization
on our communities on GitHub and Zenodo

* Marketplace launch: Q1/2025

* Want to contribute with your codes/data/services”? Contact
us



https://github.com/MODERATE-Project
https://zenodo.org/communities/moderate
mailto:moderate@eurac.edu
mailto:moderate@eurac.edu
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Thank you!

AN

Follow us:

Q @MODERATE_HE

MODERATE-HE

MODERATE

Marketable Open Data Solution for Optimized Building-related Energy Services

https://moderate-project.eu/

This project has received funding from the European Union’s Horizon Europe research and innovation
programme under grant agreement No 101069834. Views and opinions expressed are however those of
the author(s) only and do not necessarily reflect those of the European Union or CINEA




DATA-DRIVEN SMART BUILDINGS
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25 September 2024, 14:00 - 17:30

DEDALUS Ontology: Demand
response and flexibility

modelling for interoperability
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Content of the presentation SUSTAINABLE

PLACES 2024

e Problem formulation: Interoperability challenges
e DEDALUS Methodology

e Stateof the art

e DEDALUS architecture

e DEDALUS ontology

e Use of the ontology

e Conclusions

s Funded by the European Union ;

dedalus
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Problem formulation SUSTAINABLE

PLACES 2024

{Temperature A A
measurement;
15°C} 15°C = [Temperatur
Temperatur 15°C]
a
) 4 ) 4 )

Sensor net 3

Sensor net 2

Sensor net1

Funded by the European Union 3
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Problem formulation SUSTAINABLE
PLACES 2024

Appl Zone

' ;T:J;G;:)i:?:of Interoperabllity (PPI) .
Foundational
Data Zone » 00
Interoperability:
14 iﬁ Northbound and
][ Other J Device Zone Southbound

And also...
Structural interoperability

s Funded by the European Union

dedalus
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Problem formulation SUSTAINABLE

PLACES 2024

e Open and/or standard protocols to gather data
e Open and/or standard protocols to share data
e Define data exchange structures

e Define languages and vocabularies

s Funded by the European Union :

dedalus




Problem formulation

SUSTAINABLE
PLACES 2024

1 create scalable & interoperable DR applications

DR application

&

building #1

create application portable
to
oo
oo
oo oo
oo ar] E
oo
o] E i
building #n
building #2

4 execute the DR applications

DR application
#1

read/write data

DR application DR application
#2 #n

X]
o

—o

—

Platform-oriented interface

2 generate data models for the buildings

Data
models

o
~ ¢

* d ol
[ ] . @
S [A

Y -
..

L

a. describe metadata
about

Time series
databases

= E

=

loT

platform
*
Qe
(o)
0'?‘0

¥

3 semi-automatically configure the DR applications

DR application
#1

Building
systems

Ty
! % X %

b. add references (point
names/identifiers) to measurement
and control points associated with

building systems

DR application
#2

DR application
#n

FEIVAR

Time series loT Platform-oriented interface
databases Platform « s
«?s a. automatically query Data Building-
i @ -3t semantic model for models specific config
fJ (‘\ P )

references N

L[
NanV/

b. manually define/extract
metadata not available in the
semantic model

deda I US Funded by the European Union



Methodology

State of the art

- SAREF
* OpenADR
* Brick
-dCO

- BIGG

* Pros and

cons

- Capabilities

of the

dedalus

Funded by the European Union

ontologies

suitabl

- Select

1o
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PLACES 2024

extension
s to be




State of the Art

nNe

SUSTAINABLE
PLACES 2024

smart appliances, systems, meters and
spaces.
A lot of extensions are available.

SAREF

OpenADR
Brick

BIGG

dedalus

OpenADR protocol
Focused on buildings.

Designed to represent multiple aspects

of smart grid systems, based on
SAREF, BOT, IFC...).

Not covering flexibility

other (more generic) concepts
are missing.

Other concepts are missing.

Big size, difficult to follow,
focused on Energy Performance
Certificates (although have
extensions).



Architecture f

dedalus Fundes

or an interoperable demand res

20VdS Viva

Presentation Layer

Recommendation
System

Nudging app

Dashboard

TE-8: Digital Twins for
consumer-aware optimal
flexibility planning

DEDALUS Value-Added Services

TE-9: Comfort-based
flexibility modeis

TE-4: Flexibility
modelling tools for
residentlal DR

TE-12 P2P digital platform
lfor trading preaggregated|
bullding flexibility

3

TE-5:
DLT/Blockchain/Smart
contracts solution for

decentralized
machine learning, P2P
[flexibility tokenisation, and
DR settlement

-

=

TE-10: Nudging Apps for
near real-time closed

aop
activation and
multivector DR

TE-1: Consumers
clustering and
tools

TE-11: Multi-value DR for
virtual cluster of bulldings

ITE-12 District-level DR for]
=elf consumption and
cost optimisation

——————/

TE_-14: Aggregation of

energy
for district heating
mnagmm

DEDALUS O

( TE-3:

Di
building block w

DI

e —

[I loT Agent | [ICon(cmBrokor

N
OurPower NeoGrid
Platform Piatform

TE-2:DR-ready connected smart appliances
control and interoperability

1A

DOMX
Platform

Spanish
Platform

I ARC Platform |

2CEG2e

Real World Devices/Data Sources

TE-2: DR-ready connected
smart appllances control and

interoperability

SecurityLayer

TE.8: Universal
Secure Gateway

TE-7: Secure and
Privacy!
Confidentlality
Preserving Data
Transactions

ONSE sysTainapLE

PLACES 2024



dCO based ontology

dedalus

Thing description module Devices module
I td:eventAfiordance [uAcﬁonAlbrdm] :
| T 1 dCO:Gateway
l td:propertyAffordance } :
[ [ I |id ] ! ssn:Sensor ———saref:appliance
‘ :interactionAffordance |
: ldOO'wdqupodbem.‘ ‘dCO:onorgmeponyMordml :
| td:hasinteraction ! dCO:Relay —1— ssn:actuator
l | Affordance !
| |
| [dcommwml dCO:valvePropertyAffordance td:Thing |
: ' saref:Meter ——— s4bldg:Controller
|
dCO:temperaturePropertyAffordance '
|
, dCO core module
| o ] saref:isControlledByDevice
.plopelty < = s
: 4 ) saref:controlsProperty saref:device | saref.consistsOf
; saref:relatesToProperty <
hasSerialNumber saref:isAccompleshedBy
! ) 1. saref:makesMeasurement hasNominalPower | saref-as}
. | sarel:measurement (< hasMaxOffTime i -
' ) saref:measurementMadeBy saref:accompleshes
I saref:isMeasuredin
| vicinity:isLocatedA! l
saref:unitOfMeasurement «<———— om:areaUnit
dco:space o——i iottaxolite:room ‘ l
hasEnvelopeType 4
. —— om:energyUnit hasThermalCapacity IdOOZhISROON bot:building J
om:volumeUnit e hasConstructionYear | dco:hasApartment hasName
hasRenovationYear dco:apartment < hasCity
——— om:electricUnit ___hasTotalSpace | | hasZipCode
om:powerUnit . ’
dco:hasFloor |
om:temperatureUnit -
dco:hasAppartment Qo™

I Units of measurement module

Building description module

SUSTAINABLE
PLACES 2024

10



dCO based ontology — Matching entities

Thing description module

Devices module

dCO core module

Units of measurement module

dco:PropertyAffordance
dco:EventAffordance
dco:ActionAffordance

dco:InteractionAffordance

dco:ThingDescription
dCO:Gateway
ssn:Sensor
dCO:Relay
saref:Meter
saref:Appliance
ssn:Actuator
sdbldg:Controller
dco:Device
dco:Service
dco:property
dco:measurement
saref:unitOfMeasurement
om:volumeUnit
om:powerUnit
om:areaUnit
om:energyUnit
om:electricUnit
om:temperatureUnit

dedo I Us Funded by the European Union

Building structure module

Power, electricity and heating flow module

Energy flexibility module

dco:Space
dco:Room
dco:Building
dco:Apartment
dco:Stairway
dco:Storey
dco:Hub
dco:Storage
dco:Producer
dco:Consumer
dco:Slice
dco:FlexOffer
dco:Schedule

dco:FlexOfferProfileConstraint
dco:FlexOfferTariffConstraint

1o

SUSTAINABLE
PLACES 2024

NO
NO
NO

11



dCO based ontology - Extensions

BIGG: Aggregated KPI
assessment

BIGG: Single KPI
assessment

BIGG: Key Performance
Indicator

Radiation

dedo I Us Funded by the European Union

Thing description module Devices module
id-eventAfiordance td:ActionAffordance
dCO:Gateway
’ td:propertyAffordance }
ssn:Sensor —t+——saref:appliance
[ | | diinteractionAfiordance |
‘ dCO:waterPropertyAffordance ' ‘dCO:onomyProponyAﬂotdm‘ )
: td:r;\a"slnteracbon dCO:Relay —— ssn:actuator
ordance
[ , = .
4CO humidityPropertyAfiordance | | | dCOalvePropertyAffordance |
o saref:Meter ——1— s4bldg:Controller
\ dCO:temperaturePropertyAffordance
T e e e e e l “““““““““““““““““““““ |
— | saref:isControlledByDevice |
‘property ¢ >
A saref:controlsProperty saref:device  garef:consistsOf
saref.relatesToProperty ) <
1 hasSerialNumber saref:isAccompleshedBy :
S saref:makesMeasurement hasNominalPower f !
saref:measurement ¢ > hasMaxOffTime »  sarefitask ‘
) saref:measurementMadeBy { saref:accompleshes '
saref:isMeasuredin |
| vicinity:isLocatedA l
saref:unitOfMeasurement <—1——  om:areaUnit
dco:space 0——{ iottaxolite:room
hasEnvelopeType | P
—— om:energyUnit hasTherma}Capacity‘ Idco:hasRoom __ botbuilding
om:volumeUnit hasConstructionYear dco:hasApartment hasName
hasRenovationYear | dco:apartment «————————————  hasCity
—— om:electricUnit |__hasTotalSpace _| hasZipCode
om:powerUnit
dco:hasFloor l
om:temperatureUnit ; 0 L ]¢

Units of measurement module

dco:hasAppartment

Building description module

ifc: IfcZone

SUSTAINABLE
PLACES 2024

BIGG: WeatherStation

Inverter

l InterConnect:User ‘

/\?\

InterConnect: InterConnect:
UserPreference UserActivity

InterConnect:
UserProfile

’ saref4city: Country

12



DEDALUS ontology - How using it

dedalus

Entity Attributes Metadata
i “has” | © name * name . .
e 1 twe  typo NGSIv2 information
+ value * value

NGSI-LD
iInformation model

Funded by the European Union

¢ has Property

1o

SUSTAINABLE
PLACES 2024

model

Entity
id:URI
type:EntityType

Property
EORI « has Property
¥ has Value
dataType:URI t has Property “» has Relationship

4 has Relationship /t has Object

Relationship

id:URI

) « has Relationship

13
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DEDALUS ontology - How using it SUSTAINABLE

Context Broker

| OMA NGSI API (northbound)

)

Vi
K create/monitor
SO SRR, . S loT Agent
o &t et Manager
A '
loT loT loT loT Backend
Agent-1 Agent-1 Agent-1 Device Management
1} | |
w—— P— (southbound interfaces)
¥ A 4
Ultralight2.0 MQTT OMA
HTTP LWM2M/CoAP

dedalus

Funded by the European Union

loT NGSI agents

Custom agent to
represent DEDALUS

ontology

14
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Conclusions SUSTAINABLE

PLACES 2024

e |Interoperability is key

e Demand response and flexibility not yet fully explored
e Data management and sharing

e Making data accessible

s Funded by the European Union »
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25 September 2024, 14:00 - 17:30

s dedalus

Data-driven Residential Energy Carrier-agnostic
Demand Response Tools and Multi-value
Services

Thank youl!

* X %
*
* *

* 5 Kk

Funded by
The European Union

José L. Hernandez
josher@cartif.es



Utilizing Social Sciences Framework
for New Service Development in

Advanced Energy-Efficient Buildings

25/09/2024 — Sustainable Places Conference, Luxembourg
Christine Gritsch - Blueprint Energy Solutions

E:_ SUSTAINABLE
PLACES

% h oF This project has received funding from European Union's Horizon Europe Rese ; m SMART
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DEDALUS’s Overarching Project Goal

Goal: Deploy a social, technological, and business framework to design and
demonstrate an SSH-driven, multi-value, energy carrier-agnostic Demand Response
(DR) ecosystem.

Focus: Optimize and manage automated DR in residential buildings.
Social Arm: Structured through the Social Science Framework (SSF)

Key Insight Areas:
o Behavioral change theories
o Motivation and behavioral economics
o Foundational pillars: Individual Context, Goal Setting, and Motivation

Objective: Bridge theoretical frameworks and applications to foster end-user

engagement in DR
dedQ UusS Funded by the European Union




Social Science Framework

Individual context

Beliefs, values, -— Behaviour DR participation

&knowledge

B unded by the European Union

dedalus



Social Science Framework

Individual context

DR participation
Beliefs, values, P P

&knowledge

Funded by the European Union

> dedalus



Applying Social Science Framework

Social Science Co-creation SSH

Framework activities methodology

Individual context
Beliefs, values,
knowledge

Segmentation

) . Persona definition
questionnaire

Goal Setting Barriers & drivers
DR behaviour & Q-methodology

acceptance targets workshop activity

Nudging workshop User testing
activity Make Exercises
Motivation
Incentives and choice Incentives workshop Focus group
environment activity Scenario analysis

Funded by the European Union

dedalus



Workshop Methodology

® Designed workshops to assess factors within SSF regarding end users. Activities included:
O Q-Method to assess barriers and drivers to DR participation
O Ranking task to assess relative importance of incentives for DR participation
O Nudging activity to assess motivations & preferences regarding tools and services
® Qutput:
O Understanding user motivation, preferences & needs
O Recommendations for broader engagement strategy

O Learnings & best practices for engaging end users

Funded by the European Union

dedalus




Dedalus pilot sites

Pilot 1 (Front Runner) ©

Flexibility pre-aggregation for building-
level energy community [OurPower,
GREENPOINT, BLUEPRINT, COMS | Wiener
Neustadt (Lower Austria) in Austria]

Pilot 6 (Multiplier) O

Decentralized Power2heat cross- \
commodity optimal heat vs
electricity social housing flexibility
aggregation [CENTRICA |
Different locations in Ireland]

Pilot 5 (Front Runner) ©
District-level DR for increasing
community-level self-consumption \
while providing flexibility to local
DSO [CINME, PEUSA, ROMUR | La T
Seu d’Urgell (Pyrenees) in Spain]

Pilot 4 (Front Runner) o
Trading off comfort with energy consumption in DR
programs for elderly people living in serviced apartments
[ISRAA, DYNAME, UNIVPM, ENG | Treviso in Italy]

Fig. 1.4 Geographic span of DEDALUS’s pilot cases

dedc

\

Pilot 2 (Front Runner)

Energy efficiency and DR optimal interactions between district
T heating and electricity networks in social housing [FzellesBo,
*\ NEOGRID, ECG | Herningin Denmark]

W Arid, desert, hot (BWh)
I Arid, desert, cold (BWK)
BN Arid, steppe, hot (BSh)
Arid, steppe, cold (BSk)
Temperate, dry summer, hot summer (Csa)
BN Temperate, dry summer, warm summer (Csb)
BN Temperate, dry summer, cold summer (Csc)
Temperate, no dry season, hot summer (Cfa)
W Temperate, no dry season, warm summer (Cfb)
BN Temperate, no dry season, cold summer (Cfc)
B Cold, dry summer, hot summer (Dsa)
W Cold, dry summer, warm summer (Dsb)
Em Cold, dry summer, cold summer (Dsc)
W Cold, no dry season, hot summer (Dfa)
m Cold, no dry season, warm summer (Dfd)
| W Cold, no dry season, cold summer (Dfc)
SN Polar, tundra (ET)
B Polar, frost (EF)

Pilot 7 (Multiplier)
Blockchain solutions for DR
management and flexibility
aggregation [TUC | Cluj-
Napoca in Romania]

O Pilot 3 (Front Runner)
Multi-value DR for multi-segments of residential energy
(electricity and gas) consumers [HERON, DOMX, NTUA,
ARC | Different locations in Greece]

%



Completed workshops

CUIPOWENS

16. Mai 2024 12:00-13:00 16. Mai 2024 12:00-13:00

< dedalus

Wenig Strom im Netz,
jetzt Strom sparen!

Aktionen oo Aktionen o Aktionen o
Heute zwischen 12:00 und 14:00 Heute zwischen 12:00 und 14:00 Heute zwischen 12:00 und 14:00
Uhr, kannst Du an der nachsten Uhr, kannst Du an der nachsten Uhr, kannst Du an der nachsten
Aktion teilnehmen! Aktion teilnehmen! Aktion teilnhmen!

Zu den Aktionen Zu den Aktionen

- e | e = e e
< Temperature ~ = Day,Indoor +2 ~
@ Indoor @ Outdoor @ Room target v Day
2
Week

M Month

+ Indoor

v Outdoor

v Room target
16°
10/1214:00 10/1218:00 10112 22:00 111202:00 11112 06:00 111210:00 111214:00

dedQ I Us Funded by the European Union



Analysis

® Relative importance of incentives
® Motivations, profiles & needs

® [eedback on APPs

User motivation

-
l\‘ '] I Va¥ ol
MITICY 4 0 1 2
5. More 9. Lacks info 6. Feels social 1. Would 8. Understands

inclined to to make pressure to compromise how DR works &
join DR if informed appear comfort to the benefits
neighbours also | decision about environment participate in
join DR conscious DR
10. Energy 15. Needs to 7. Saving 4. Likes
programs are trust personal energy is technology that
hard to info will not discussed can be
understand be shared within social personalised

circle

2. Home comfort | 16. Important

is more to understand
important than | energy data use
saving energy

14. Important
to see how DR
impacts
environment

dedQ I Us Funded by the European Union

Ranking

Incentive

Ranking
scores

5

Recognition & Rewards: Public acknowledgement for
participation in newsletters, on websites, or at community
events.

Social Benefits: Inclusion in a community of like-minded
individuals who are interested in sustainability and energy
conservation.

Community Contributions: The satisfaction of contributing
to a community goal, such as reducing the local carbon
footprint.

Environmental Impact: Regular reports on the
environmental impact of participants' actions, such as
carbon emissions saved.

Gamification: Participation in energy-saving challenges or
competitions with leaderboards and progress tracking.

APP feed baCk Enhanced control & autonomy: The ability to manage and

[

o Sep  Nov

monitor energy consumption in real-time through apps or
»nline dashboards.

Participant Comments:

o Respective preview for money savings plot (along with the existing consumption illustration,
for example in a different tab)

o Daily and weekly report as well (currently we have only the monthly plot)

e We should highlight the “savings’ bar, instead of the consumption bar

* Notifications to the end-users to be able to view their weekly consumption bar (for example)
or even mail notifications with an overall preview of their consumption

e To add the indication (kWh) in the top left corner

o Re-adjustment of the bar preview, for example, to illustrate the consumption of January in
the middle instead of the left corner

» Different representations, for example, only of the percentage savings per
month/week/day




Consumers segmentation and clustering of buildings for optimal DR
planning: Questionnaire circulation

...}

No. Responses: 20

Al o, |

| No. Responses: 17
. Distribution method: In-person

Distribution method: In-person

m /

.1

Distribution method: In-person

No. Responses: 112

No. Responses: 28
Distribution method: Email

: —1 Spain ! \

No. Responses: 17
Distnbution method: In-person

Bl Greece

No. Responses: 90
& Distribution method: Email




Questionnaire
Segmentation - Flow

chart
Analysis approach

Collect Questionnaire
Responses

Group Responses strategically
in Categories that assist the
analysis

If the population is large
enough, proceed with
respondent segmentation in
meaningful groups

Profile a persona per Pilot and
per Segment by presenting its
dominant answer for each
question

Draw insights to tailor the
outreach campaign per

Population large
enough to segment?

Segment via meaningful metrics

Profile by all metrics

Identify Pilot Persona

Identify each segment persona

T



Questionnaire
:
Segmentation —

Mals 3 ’
5
4
X ©
= 1 :
FTemale
w
Education '
54643
Wl Le LI ave
s
43-34 Spending Behaviour
4 Primary pending
Nigh wch b
.

Participants
Pattaipares

Participants

18243

Bachelor's deg Seniors @home

Digital § Attitude
Worse ®1920304 5

‘ EEEO . 1 em interested in investing in smart home technologies to the energy efficiency of m...

I care about the energy bills | pay.

T . 1 think 3bout the eavironment whea | consume energy.
Energy Literacy Rate Plan I T think it s important to know how changing my energy use can benefit the environment.
B R o slow te eneegy provider 1 remotely comtrol e spplisnce soch 1 i concet
0102030443 12 1 would change my energy ion bebavioe if my friends/meighbours reduced their ener....
1 would like my friends/meighbours to be sware that | am actively participating in Dermand Res...
) - CT. . e -
] Mdh— e It is sy responaibility 1o do mvy part in reducing carbon emissions.

" ~ Theideaof 9 10g- asa o D d programs and ...
The optscm that are svedabie for making your home mors : W 2 s

: What perad Land muward or erergy (onviamptn’ DR Willingness

| Where 800 yous energy (e frome) o (Blank) @1 82 93 @4 ©5

: Which appliances in your home comsume the most energy’

° s ‘o 1 ‘ ‘v m
PartCopants

0 5 10 15 2




Questionnaire
Segmentation

Each bubble relates to
a question category

Demographics

Female
Primary-High School
Mid Digital Expertise

Employed
Low Income
Very conservative spender

ﬂ Energy & DR

(4

Low DR Willingness
Mid DR Familiarity
Mid Energy Literacy

Attitude

Eco: High

Fin: Low

Tech: High

Social: Mid

ARuNY
ywwwy DR Barriers

Lack of awareness




Conclusions

® Provided insight into the motivations,
profiles & needs

® Knowledge on effective incentives
® Feedback on APPs

® Recommendations for increasing

consumer engagement and social
acceptance

® Recommendations Common project
themes & best practices

Funded by the European Union

dedalus

DR Incentives: Common
Themes

High Value of Community
and Social Benefits

Environmental Impact

Low Interest in Gamification

Recognition and Rewards

Barriers and Drivers: Common Themes

eBarrier: A significant barrier
across all workshops was the
lack of information....

eDriver: Many users across
pilot sites are
knowledgeable....

Information and
Understanding

*Barrier: For some,
discomfort with smart
Customization and devices and applications...
Technology: *Driver: The ability to
customize energy
preferences and settings...

*Barrier: Trust issues...

Trust and Data *Driver: Transparent
Privacy information  about  data
management...

*Barrier: Comfort at home
was a critical factor...
Comfort vs. Energy *Driver:  Participants who
Saving were flexible and willing to
compromise on comfort...



Impact on Technical Outcomes

*Enhanced Software Architecture:

*The integration and analysis of social science goals has led to a more responsive and user-centered
software architecture.

*Technology Enablers:

*Specific technology enablers were enhanced and focused to support social science objectives, such
as improved user engagement.

*Al-Driven Service Design:
*Social science insights guided the development of Al-driven services, ensuring they meet user
needs and foster engagement effectively.

Funded by the European Union

dedalus
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s dedalus

Data-driven Residential Energy Carrier-agnostic
Demand Response Tools and Multi-value
Services

Thank you!

‘ DEDALUS-HORIZON. ‘ @DEDALUS_E ‘ @DEDALUS_E ‘ INFO@DEDALUS-HORIZO
EU U U N.EU

* X %
* *
* *
*

* 5 Kk

This project has received funding from European Union's Horizon Europe Research
and Innovation programme under the Grant Agreement No 101103998
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Background m

DigiBUILD

DigiBUILD - Vision and approach

Fig. 1.2 DigiBUILD Vision
E20 gl Assessment

@ DigiBUILD, . * 5 Al-based
3 Analytics

DigiBUILD is aligned with the European Strategy
for data and contribute to the development of

Federated &

an Energy Efficient Building Data Space Eesiited Do Planing o
5 u 8

Cocreation methodologies (according to the e INTELLIGENCE v i "
European Bauhaus initiative) are applied TN .

. S (A il ‘Z
Gather and manage data in a proper and e e 1%
adaptable way (namely not to mobilise LE
thousands of data but only the necessary data), ._
in order to drive more robust, improved and N A e :
consistent monitoring of building stock energy Ef%;:&hu " Policy Making

performance

Energy Efficient
Buildiug Data
Space Links with
relevant Data

SPJCCS

. ~._ Investments
............... De'risking
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Background

Europe building stock challenges

* Energy-efficient buildings through the
Renovation Wave Strategy

4

* District heating plays important role in EU

\ 4

* Optimisation techniques

M

DiaiRII|LD
AN ACTION PLAN FOR THE RENOVATION WAVE:

COLLECTIVELY ACHIEVING SUSTAINABLE BUILDINGS IN EUROPE

IN A ey
CLIMATE-NEUTRAL @ e
EUROPE, BUILDINGS ENERGY SYSTEM

infrastructure

WILL BE... ‘; 3!’ EIE;IEI%?EYNT

CIRCULAR
V in materials
and use
FOSSIL

EUROPEAN
UNION

to climate
risks

INSTITUTIONS INMENTS BT @ fets
e AUTHORITIES FREE
- 2O

- &7 “ e
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Background @

DigiBUILD
Current optimization approaches Our approach
* Treated as isolated silos * Grey-box approach
« Wighted sum functions * Physics + data
e Mathematical formulation * Reduction of computational load
« Complex Al algorithms * Simplified by an hybrid

data-driven model

* X 5%
* *
* *
* *
* 5 x
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Digital twin definition @
DigiBUILD

* "Adigital twin is a virtual representation of an object or system designed
to reflect a physical object accurately. It spans the object’s lifecycle, is
updated from real-time data and uses simulation, machine learning and
reasoning to help make decisions” [1]

Physical System Digital Twin

P ; ‘:“ . . - ‘ / ';,‘_ _ - /' T, N . S '| ':‘::
Level | Level Il Level Il
Functional Digital Twin Connected Digital Twin Intelligent Digital Twin

- Simplest steps - Connect with the real world - Al and advanced analysis
- Exist only as a digital object (including sensing data) - Professional analysis and simulation [2]
- Simple analysis and simulation

(1] https://www.ibm.com/topics/what-is-a-digital-twin

[2] Kang, Ji-Soo & Chung, Kyungyong & Hong, Ellen. (2021). Multimedia knowledge-based bridge health monitoring using digital twin. Multimedia Tools and Applications. 80. 1-16.
10.1007/s11042-021-10649-x.


https://www.ibm.com/topics/what-is-a-digital-twin

Digital twins definition @

DigiBUILD

They allow to...

Simulate different conditions

Optimise the operation

* Visualise the current status of the network

Understand behavioral patterns (historical data)

* Forecasting energy resources

* X 5%
* *
* *
* *
* 5 x
Funded by
the European Union




4
Digital twin approach

DigiBUILD

Pl ~
’, \\ < \\

~

SCADA
(Operation data)

Demand profiles
and PV production
prediction

Network Real-time operation
topology parameters

Data for services

@ S I N S S S S S S S S S
L e e —————

P e e T i i
N e -

Recommended
DHNXx Prediction of heat operation Py
(District Heating and pressure losses parameters > ‘
Performance -
Simulation)
\ /N

-

User edited operation
parameters

51
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Application case

VER R

Biomass and (] m] Remote building
gas-fired boilers 01 | [0 | monitoring and operation
o |[E3P[ETP Thermal ogio
=] (=] storage (] I'I 0
Electrical panels
P |
District heating network

Grid

* Demand nodes (20 buildings w/ one substation each):

1tower + 19 blocks: substation w/ storage, interchanger and pumping

* Production nodes (boilers’ room + PV facade):

Boilers’ room: 3 boilers + variable flow pumping system
* PV facade: PV panels in tower

 Distribution system (3 circuits):
e Circuit 1: 7 blocks
* Circuit 2: 4 blocks
e Circuit 3: 1tower + 8 blocks

Circuit 1

Thermal
generation

‘ . Circuit 2
e

B10

L

B11

PV
generation

Circuit 3

@5
@ 514
@5
@ Bi6
@ 517
@i

B19

M

DigiBUILD

B20 (tower)
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Preliminary results

DigiBUILD

[l pigiBUILD
SIMULATION RESULTS

Home

Optimization Element Heat losses (W) Pressure losses (Pa)

History N
circuit1 4968.49 5602.29
circuit2 4974.30 759414
circuit3 4963.34 4432.21
producers-0-forks-0 11293.01 411.69
forks-0-consumers-0 1806.56 16974.97
forks-0-consumers-1 1806.56 16974.97
Element Circuit 1inlet temp (°C) Circuit 2 inlet temp (°C) Circuit 3 inlet temp (°C) Circuit 1 return temp (°C) Circuit 2 return temp (°C) Circuit 3 return temp (°C)
producers-0 130.00 130.00 130.00 118.26 118.52 118.03
forks-0 129.31 129.41 129.22 118.88 119.05 118.74
consumers-0 129.09 129.22 128.97 119.09 119.22 118.97
consumers-1 129.09 129.22 128.97 119.09 119.22 118.97
Boiler circuit Pump power (W)

~. Username
logout | circuitl 3.92 -
- Funded by Views and opini p dareh those of the author(s) only and do not necessarily reflect those of the pean Union or the pean Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the
the European Union granting authority can be held ible for them. Copyright © 2024 Fundacién Cartif. Al rights reserved
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the European Union




Preliminary results @
sorm—" DigiBUILD

Energy 0.00036737 x HDD +10.7763

“““ |‘||||“ | 0.00036737 x HDD + 10.7763

P e Op =k x (Tin - Tground )

Original set-point Average new set-point
7°C 81.43°C
- d Energy savings (considering losses)

1.43 88 MWH (over 1.6 GWH) [] ~5%

* X 5%
* *
* *
* *
* 5 x
Funded by
the European Union

med (kWh

a9y

1
'11

low x Cp x (Tin - Tret)

Consumed Energy (kWh!




Conclusions @

DigiBUILD

* Digital twin as a way for the optimization of energy resources

* Application of Al is enhanced by using contextual data
* Grey-box approaches

Potential for improvements in the energy management

Need of infrastructure digitalization

Users should be the core

* X 5%
* *
* *
* *
* 5 x
Funded by
the European Union



DATA-DRIVEN SMART BUILDINGS

WORKSHOP

25 September 2024, 14:00 - 17:30

European Convention Center, Luxembourg & Online (Hybrid)

N @
D I g I B U I LD José L. Hernandez, CARTIF

josher@cartif.es

Thank you!

@ digibuild-project.eu

m linkedin.com/showcase/DigiBUILDeu
TECHNOLOGY
u twitter.com/DigiBUILDeu [ CENTRE]J A3TIF

ANNIVERSARY

Funded by the European Union. Views and opinions expressed
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Al-based analytics and control services to
monitor, assess, predict and optimise building
performance
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1. Motivation PR 054

Building stock status

Opportunity Challenge
0 )
40% 75% Significant potential for Renovations often not
energy non-compliant energy efficiency feasible due to legal and
consumption buildings improvements financial barriers

W, v W,
36% ‘ DIGITALISATION

emissions

European Initiatives roadmap

(EC, 2020) 2018: SRI Indicator 2030: Interim Goals
A in electricity demand from 23% to 30-31%1 by 2030 (ENTSO-E, 2020) fartmisslon
-0.5%/year for space heating consumption . '
0 . . .
+1.3%/year for electrical appliances consumption (households)
2. SMART BUILDING TECHNOLOGIES 3. THE SMART TRANSFORMER TOOLBOX 4. MAPO SERVICES 5. CONCLUSIONS

e o () i BuildON



SUSTAINABLE
2. Smart Building Technologies PLACES2024

SMART

BUILDING SOCIAL ASPECTS
- Lack of user-friendly solutions

- Technological knowledge gap /

HARMONISATION

7))
ﬁ - Need for seamless integration of SW and HW
oz
St‘ - Relevance of interoperability and standardisation/
)
INTEGRATION NEW TECHNOLOGIES
L - Al/ML for energy management and optimisation
Q
o - Digital Twins for real-time monitoring and control
4. MAPO SERVICES

Co-funded by

the European Union O Bllild ON




SUSTAINABLE
3. The Smart Transformer Toolbox PLACES2024

Data-driven B gnere . Usep' el 1y & e .
innovative energy oot (Faul on 5,
business models e & aslection o Smart energy
management
Empowerment
Automation  tools

A & Control

services
Pay-as-you-go,

pay-per use G

==

3. THE SMART TRANSFORMER TOOLBOX

Co-funded b °
th?a ;:m:eary‘ Umer Sustainable Places 2024: Sofia-Mulero Palenci @ BulldON




3. The Smart Transformer Toolbox

R

Data-driven innovative

p < v': SOCIAL ASPECTS energy business models

BUSINESS

-

BARRIERS

o INTEGRATION NEW
*C) TECHNOLOGIES

optimisation services
TECHNICAL

1. MOTIVATION 2. SMART BUILDING TECHNOLOGIES 3. THE SMART TRANSFORMER TOOLBOX

Co-funded by
the European Union

HARMONISATION @ loT Edge-Cloud interoperable framework
for building data exchange and operation
TECHNICAL
S

% Smart energy management
system: MAPO analytics and

SUSTAINABLE
PLACES 2024

User-friendly tools to empower users

towards more efficient energy use
SOCIAL

Digital Twins for building performance
simulation and smart building operation

TECHNICAL

S

4. MAPO SERVICES 5. CONCLUSIONS

() BuildON




3. The Smart Transformer Toolbox

Empowerment
‘ tools ‘
~— v

Al-analytic

services

Automation
& Control

1. MOTIVATION 2. SMART BUILDING TECHNOLOGIES

PNl Co-funded by
A the European Union

0

~ —> s o

User Empowerment Smart Toolbox Services

Digital Building
Logbook

End-user

SRI-based tools i
applications

Al-analytic services

Building Energy Fingerprinting

Building Energy Assets Monitor

& Benchmark

y,

Automation & Control services

Grid-Optimised Energy
Flexibility

Assets Control
Services

User Comfort
Optimisation Strategies

/

©
ﬁﬂ;
S

Modelling, actuation and performance simulation

DTs for building performance
simulation

DTs for smart building operation

4. MAPO SERVICES

3. THE SMART TRANSFORMER TOOLBOX

SUSTAINABLE
PLACES 2024

MAP Services for
Monitoring, Assessment and
Prediction capabilities

O services for energy
optimisation

5. CONCLUSIONS

() BuildON




SUSTAINABLE
PLACES 2024

4. MAPO services

* Integration of advanced technologies
* |ncreased levels of automation
* |ncreased levels of Smart Readiness

* Adaptability to the needs of stakeholders and the environment

12 JHOW TO FOSTER WIDESPREAD ADOPTION
* Technology harmonisation, resource sharing > archetypes

e Standardised solutions

4. MAPO SERVICES

Co-funded by i ) °
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4. MAPO services B R e ABLE

;é; HEATING DHW COOLING VENTILATION LIGHTING ELECTRICITY EV CHARGING MON & CONTROL
= = 34% 29% 11% 7% 50% 26% 14% 45%
= = 29% | 37% 28% | 30% 0% | 18% 0% | 12% 42% | 56% 32% | 22% 21% | 9% 69% | 28%
I; (72
2
% g E. EFFICIENCY E. FLEXIBILITY COMFORT CONVENIENCE HEALTH MAINTENANCE INFORMATION
- 36% 33% 33% 40% 36% 42% 53%
w oz 35% | 36% 46% | 24% 24% | 40% 44% | 37% 31% | 9% 23% | 55% 48% | 55% * GLOBAL

RESIDENTIAL | TERTIARY

( )
Al-analytic services SRI DOMAINS

Building Energy Assets - Advanced visualisations: monitoring and building performance

ONIHOLINOW

Monitor & Benchmark - Benchmarking tailored to specific building categories

SRI IMPACTS

- Building energy profiling
- Data-driven forecasting capabilities.
- Operation and maintenance for anomaly detection /

Building Energy
Fingerprinting

2
m
o
2
<
5
o
2

. J

1. MOTIVATION 2. SMART BUILDING TECHNOLOGIES 3. THE SMART TRANSFORMER TOOLBOX 4. MAPO SERVICES 5. CONCLUSIONS
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4. MAPO services B R e ABLE

;é; HEATING DHW COOLING VENTILATION LIGHTING ELECTRICITY EV CHARGING MON & CONTROL
= = 34% 29% 11% 7% 50% 26% 14% 45%
= = 29% | 37% 28% | 30% 0% | 18% 0% | 12% 42% | 56% 32% | 22% 21% | 9% 69% | 28%
I; (72
2
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RESIDENTIAL | TERTIARY

 SRI DOMAINS )

Al-analytic services

<
(@)
=
]
o
=
2
(0]

e e et a4« - Benchmarking tailored to specific building categories

UG ) s - Advanced visualisations: monitoring and building performance J

SRI IMPACTS

- Building energy profiling
- Data-driven forecasting capabilities
- Operation and maintenance for anomaly detection /

Building Energy
Fingerprinting

JONVNILINIVIN
NOILLVIAIHO4NI

. J
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4. MAPO services BDACER 204

;é; HEATING DHW COOLING VENTILATION LIGHTING ELECTRICITY EV CHARGING MON & CONTROL
= = 34% 29% 11% 7% 50% 26% 14% 45%
= = 29% | 37% 28% | 30% 0% | 18% 0% | 12% 42% | 56% 32% | 22% 21% | 9% 69% | 28%
I; (72
2
% g E. EFFICIENCY E. FLEXIBILITY COMFORT CONVENIENCE HEALTH MAINTENANCE INFORMATION
- 36% 33% 33% 40% 36% 42% 53%
w oz 35% | 36% 46% | 24% 24% | 40% 44% | 37% 31% | 39% 23% | 55% 48% | 55% * GLOBAL
&) RESIDENTIAL | TERTIARY

( )
Automation and control services SRI DOMAINS

User Comfort

L. . - Visual and IEQ comfort strategies for occupant wellbein
Optimisation Strategies Q g P g

SNILVIH
DNI100D
ONILHOI

% Assets Control Services - Energy assets control for H&C generation, enhanced management SRI'IMPACTS
N ———————————————————— o g = 2
- EE 3
pu e 2
Grid-Optimised Energy - . . - A E =
o - Flexibility for occupants and grid congestion management z =13 =
Flexibility Q Q =
— -
4 U y
1. MOTIVATION 2. SMART BUILDING TECHNOLOGIES 3. THE SMART TRANSFORMER TOOLBOX 4. MAPO SERVICES 5. CONCLUSIONS
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4. MAPO services BDACER 204

;é; HEATING DHW COOLING VENTILATION LIGHTING ELECTRICITY EV CHARGING MON & CONTROL
= = 34% 29% 11% 7% 50% 26% 14% 45%
= = 29% | 37% 28% | 30% 0% | 18% 0% | 12% 42% | 56% 32% | 22% 21% | 9% 69% | 28%
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( )
Automation and control services SRI DOMAINS

User Comfort . . . & 8
L. ) - Visual and IEQ comfort strategies for occupant wellbeing = o
Optimisation Strategies > =
— 4 ) (9]
% Assets Control Services - Energy assets control for H&C generation, enhanced management SRI IMPACTS

e m g | 2 3

L 215 2

Grid-Optimised Energy - : : 5 S|2 >

o - Flexibility for occupants and grid congestion management 2 2|2 =

Flexibility 2 = S

— 4
4 J
1. MOTIVATION 4. MAPO SERVICES
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4. MAPO services B R Lo LE

;é; HEATING DHW COOLING VENTILATION LIGHTING ELECTRICITY EV CHARGING MON & CONTROL
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Automation and control services SRI DOMAINS

User Comfort

Optimisation Strategies
— o

- Visual and IEQ comfort strategies for occupant wellbeing

ONIDYVHI A3

ALDDIY1I313

% Assets Control Services - Energy assets control for H&C generation, enhanced management SRI'TMPACTS
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4. MAPO services B B R Lo LE

HARMONISATION: ARCHETYPE-DRIVEN SERVICES

Archetype-driven approach
Archetypes identification

An archetype is a representative model capturing the essential characteristics and
functionalities of energy assets within a specific domain

Entities
characterisation
for rep.res.entative
* Tailored optimization: efficient services customised for diverse building dopone
environments.
* Scalable solutions: adaptable across various configurations, ensuring wide ° ‘.
L © J
applicability. O
o ope . . . ey Four level
* Dynamic adaptability: robust solutions that adjust to evolving conditions and hierarchy Fatipmant
needs. ‘ Service design and application ]
Services applied *
considering all the .“
related archetypes m
2. SMART BUILDING TECHNOLOGIES

3. THE SMART TRANSFORMER TOOLBOX 4. MAPO SERVICES 5. CONCLUSIONS

e e () () BuildON



SUSTAINABLE

5. Conclusions PLACES 2024

Overcoming barriers to Smart Buildings Technologies

* Foster widespread adoption
* Digitalisation as a driver
* Easy-to-use applications, enhanced participatory scenarios and training
* Technology harmonisation, resource sharing
* Increased levels of automation

* Adaptability to evolving environment

* Policies promoting advanced automation and Al-based technologies

* Standardised solutions

1. MOTIVATION 2. SMART BUILDING TECHNOLOGIES 3. THE SMART TRANSFORMER TOOLBOX 4. MAPO SERVICES 5. CONCLUSIONS
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Thank you for your attention!
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