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Annex 86

Scope and Goals

Provide a framework to improve
energy efficiency of IAQ management for

residential buildings

both new construction and refurbishment

To select metrics to assess energy performance and indoor environmental quality of an IAQ
management strategy and study their aggregation

To improve the acceptability, control, installation quality and long-term reliability of IAQ management
strategies by proposing specific metrics for these quality issues

To set up a coherent rating method for IAQ management strategy that takes into account the selected
metrics

To identify or further develop the tools that will be needed to assist designers and managers of
buildings in assessing the performance of an IAQ management strategy using the rating method

To gather existing or provide new standardized input data for the rating method

To study the potential use of smart materials as (an integral part of) an IAQ management strategy

To develop specific IAQ management solutions for retrofitting existing buildings

To benefit from recent advances in sensor technology and cloud-based data storage to systematically
improve the quality of the implemented IAQ management strategies, ensure their operation and
improve the quality of the rating method as well as the input data

To improve the availability of these data sources by exploring use cases for their providers

To disseminate about each of the above findings.

EBC Annex 86

Partners

42 institutes from 24 countries

Active participation by companies
encouraged!

List of annex participants per country:
Australia: CSIRO

Austria: University of Innsbruck

Belgium: UGent, KUL, BBRI, University of Antwerp

Brazil: Pontfical Catholic University of Parana

Canada: NRC

Chile: PUC

China: Nanjing University, BUCE and Tsinghua University

Denmark: DTU and Aalborg University Copenhagen

Finland: Aalto University

France: La Rochelle University, ENS PSL, CEREMA, Université de Lille, UPJV and CETIAT
Germany: TH Rosenheim

Ireland: NUIG

Italy: EURAC research center

New Zealand: BRANZ

Netherlands: Technical University of Eindhoven, BBA/TUDelft and Zehnder

Norway: Oslo Metropolitan University and SINTEFF

Portugal: University of Coimbra, Polytechnic Institute of Viseu and University of Porto
Singapore: National University of Singapore

Spain: Eduardo Torroja Institute for Constructon Sciences — CSIC

Sweden: Chalmers University and KTH

Switzerland: ETH

Turkey: TTMD

United Kingdom: University of Strathclyde, Lancaster University and University of Nottingham
USA: Syracuse University, UMD, UTexas and LBL
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Workplan
6 Subtasks

ST 1 and 2: methodology
ST 3 and 4: application to technology
ST 5: new opportunities through loT

ST 6: dissemination and management

Subtask 1 Metrics and development of an IAQ management strategy rating method

This subtask is devoted to the development of a general rating method for the benchmarking of the performance
of IAQ management systems. In addition to relevant metrics, a set of appropriate tools, consistent modeling
assumptions and monitoring protocols are also proposed.

Subtask 2 Source characterization and typical exposure in residential buildings

This ST creates consistent input values for the assessment method developed in ST 1 and control strategies in ST 4.
It starts from information available in literature, adding new experimental results where needed and reviewing and
developing models (empirical, semi-empirical or physical models) for characterizing relevant residential sources.

Subtask 3 Smart materials as an IAQ management strategy

This ST identifies opportunities to use the building structure and (bio-based) building materials (focussing on hemp
concrete) and the novel functional materials inside it to actively/passively manage the 1AQ, for example, through
active paint, wallboards, textiles coated with advanced sorbents or hemp concrete, and quantifies their potential
based on the assessment framework developed in ST 1.

Subtask 4 Ensuring performance of smart ventilation

This subtask focuses on practical conditions that assure reliable, cost effective and robust implementation of smart
ventilation. This includes both installation and operation. A poor performance of smart ventilation systems can not
only lead to waste of energy and aggravated IAQ. It can also create a bad reputation of smart ventilation among
relevant stakeholders - designers, installers as well as occupants. This, in the end, can lead to adoption of more
primitive, less efficient (in terms of energy use) and less effective (in terms of IAQ) forms of IAQ management. The
subtask defines a smart ventilation according to the AIVC

Subtask 5 Energy savings and IAQ: improvements and validation through cloud data and IoT connected devices
This subtask is exploring the potential of the new generation of IoT connected devices (both standalone and
embedded in eg. AHU’s) for smart IAQ management. What can we learn from big data? Can we benchmark system
energy and IAQ performance based on this data? How can we make sure that the data is available and can be
accessed? Can we update what we think we know about what happens in dwellings based on what we see in big
data rollouts? What are the best protocols and ontologies? How to create viable services out of the data/business
plans? How can we integrate data with smart grids?

Subtask 6 Dissemination, management and interaction

The final subtask assures the close alignment of the activities within the annex and the interaction with the AIVC.
This subtask includes the outreach of the annex, eg. by managing the dedicated section of the IEA EBC webpage. It
uses the different platforms that the AIVC provides to interact with the broader target audience. This task will also
ensure the continuation of the link with (the results from) other ongoing and ended annexes, especially annex 68.
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Energy savings and IAQ: improvements and validation through
cloud data and loT connected devices

- Smartness

(e.g. smart ventilation incl. continuous commissioning & optimization, use of remote data, ST4)
- Knowledge & data-sets

(e.g. for defining metrics (ST1), typical exposures (ST2)

applications
real-time & delayed, on-line & off-line, new business cases?

challenges
* real-life, uncontrolled environments (cause/effect?)
data quality: often limited number and lower cost sensors
GDPR
IT

AIVC April Workshop

Series of four webinars
organised in collaboration with
IEA-EBC Annex 86 ‘Energy efficient IAQ management’

April 1, Building ventilation: How does it affect SARS-CoV-2 transmission?
April 8, IAQ and ventilation Metrics

April 13, Bigdata, IAQ and ventilation -part1l (academics)

April 21,  Big data, IAQ and ventilation - part 2 (industry)

Register at www.aivc.org
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: — webinar
Big data, IAQ and ventilation - part 1 20010413

Wouter Borshoom Benjamin Hanoune Pieter Pauwels
TNO University of Lille TU Eindhoven
The Netherlands France The Netherlands

Webinar management

£ 2

Maria Kapsalaki Valérie Leprince
(INIVE, BE) (INIVE, BE)

: - webinar
Big data, IAQ and ventilation - part 1 oo1.0413

Objectives:

To address
* the applications of loT devices and big data in IAQ and ventilation and
* discuss the possibilities they provide for research.

To set the starting stage for subtask 5 of IEA-EBC Annex 86

17:00 | Introduction
Marc Delghust — Ghent University, Belgium

17:10 | Improving IAQ with BIM based Predictive Twins
Wouter Borsboom — TNO, Netherlands

17:30 | Online personal IAQ monitoring,
Benjamin Hanoune — University of Lille, France

17:50 | Brains for buildings: where to find all the relevant smart building data?
Pieter Pauwels — Eindhoven University of Technology, Netherlands

18:10 | Questions and Answers
18:30 | Closing & End of webinar
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How to ask questions during the webinar Note: Please DO NOT
use the chat box to ask
Locate the Q&A box your questions!

Select All Panelists | Type your question | Click on Send

v Q&A X

All (0)

Ask: | All Panelists

hat is the percentage of non Send
lcompliant buildings?

11

AL/ -
2020.04.13

NOTES:
» The webinar will be recorded and published at www.aivc.org in a few days, along with the
presentation slides.

» After the end of the webinar you will be redirected to our post event survey. Your
feedback is valuable so take some minutes of your time to fill it in.

I
Organized by: www.aivc.org Facilitated by I N IVE
"

Disclaimer: The sole responsibility for the content of presentations and information given orally during AIVC webinars lies with the authors. It does not necessarily reflect the opinion of AIVC.
Neither AIVC nor the authors are responsible for any use that may be made of information contained therein.

12
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Big data, IAQ and ventilation - part 1

Q&A
?

webinar
2021.04.13
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AIVC April Workshop

Series of four webinars
organised in collaboration with
IEA-EBC Annex 86 ‘Energy efficient IAQ management’

April 1, Building ventilation: How does it affect SARS-CoV-2 transmission?
April 8, IAQ and ventilation Metrics

April 13,  Big data, IAQ and ventilation  -part1

April 21,  Big data, IAQ and ventilation - part 2

Register at www.aivc.org
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» IMPROVING 1AQ WITH BIM BASED P
WOUTER BORSBOOM

TNO ( ) is an independent and not-for-profit organization. TNO connects
people and knowledge to create innovations that boost the competitive strength of
industry and the well-being of society in a sustainable way. This is our mission and
it is what drives us, the over 3,400 professionals at TNO, in our work every day. We
work in collaboration with partners and focus on nine domains.

Wouter Borsboom
Senior Business Consultant TNO

Energy Built Environment,
Monitoring and assestment of

. . TECHNICAL NOTE AIVC 68
dwellings and offices, energy, RESIDENTIAL VENTILATION AND
ventilation and health, Country HEALTH

Towards Networks of predictive twins in the Built
caintns. Environment, Arjen Adriaanse, Wouter Borsboom,
etz Rob Roef, 2021
https://repository.tudelft.nl/islandora/object/uui

representative IEA-ANNEX V:
AIVC.org, Board Member
INIVE.org, BDTA.

d:ba8043dd-1dfc-4469-bfeb-53006de6e88a

m innovation
for life
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THERE IS A CLEAR NEED TO ASSESS INDOOR AIR QUALITY

Kansas schools can fight COVID-19 with fresh air, but it's
unclear how many even track ventilation

Celia Llopis-Jepsen | Kansas News Service

After the pandemic hit, the largest school district in Kansas set to
caleulating how much outdoor air it should pull into its buildings.

Wichita Public Schools turned to the nation'’s top sources for expertise,
then boosted ventilation and filtration in ways that scientists say
dramatically cut the risk of inhaling COVID-19.

Evidence that schools — as well as operators of other buildings that
bring people together — should take those steps has solidified, buoyed
by scientific findings that the virus spreads primarily through particles
in the air, not by lurking on doorknobs and table tops.

£02 Measurement Contributes to Better IAQ

By Justin Walsh
nthe throes of a global pandemic, assuringa clean, health for those who work in and visit
commercial, industrial, and residential buildings rematns a crucial prority for facilty executives and

facil " Despite COVID-19 cases 8 o drop as more people become
Vaccinated, with warmer weather on the horizon, questions about indoor air quality (AQ), HVAC systems, and their

effect on the spread of COVID-19 remain top of mind

Intoday's environment,building ventiationis

1AQ and decreasing risks to our he:
irvitation of the eyes, nose, and
dizziness, and fatigue; to respiratory diseases,

heart disease, and even cancer, both immediate

and long:term health concerns are, in many cases,
betng directly linked t0 1AQ.

Beyond health,safety, and comfors, 1AQalso hasa significant impact on productivity and cognitive ability. Studies

from 2016 and 2017 found that bereer ai led y becter decision-n among

participants who were exposed to increased ven rates, lower levels of chemicals, and lower carbon dioxide. To
advanced HVAC equipment and technologies in an
ber of tenants. Consequently,facilit

that end, building owners are increasingly investin
improve 1AQ. Building safety is a critical demand f
management profession:
their spaces are Indeed safe in terms of IAQ

nincreasing

o aim to attract and retain tenants n the future are going to have to demonstrate that

DIFFERENT PROTOCOLS TO ASSESS IAQ

@‘ Binnenklimaat
J techniek

Programma van Eisen
Gezonde Kantoren 2021

[ )

BINNENKLIMAAT
LABEL

()
=

Example of a Dutch IAQ requirement, which parameters to
use, how to measure, where to measure.
www.pvegezondekantoren.nl

Theme Survey Continious
monitoring

Noise

B
1AQ C

Total IEQ
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BUILDINGS PROVIDE TONS OF DATA, BUT DO WE HAVE
INFORMATION TO IMPROVE IAQ ?
WHAT CAN BIM AND PREDICTIVE TWINS MEAN?

Temperature 02-Feb-2016

25

20

[

15
——
\/ x/’\
10
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
600 room temperatures, which one to choose?
Wouter Borsboom, Ruud van der Linden, TNO, 2021 m }TMS““"

BUT HOW ARE DIGITAL SOLUTIONS REALLY GOING TO MAKE A
DIFFERENCE TO THESE CHALLENGES?

/\
Sustainability Health
performance [~

A Physical building Predictive building
ok ‘ \ ll H | \ | [ Digital Twin
. l M MM! n “ l I~ “ ,1 ’ ‘ﬁ W \ Predictive twins are predictive digital replicas of
g At w|‘, . ﬁl,' Lt \b | ‘J'_ $f physical structures such as bridges, tunnels,
r homes and offices. With these twins, the future

behaviour and use of structures and networks of
structures can be predicted and influenced

innavati
Wouter Borsboom, Ruud van der Linden, TNO, 2021 'I'NO r;m: on




BIM 2 PREDICTIVE TWIN

) How can we use BIM information to structure and analyze data
from building systems to check the current performance, detect
events, predict, control and optimize?

~

How to make it operational in the form of workflows in both
design commissioning and operation?

) How to use it to improve IAQ, event detection, optimize building
processes & commissioning?

Development of predictive twin methodologies and tools
to meet these challenges for clients.

Wouter Borsboom, Ruud van der Linden TNO, 2021

Temperature [C]

This project has received funding from the
European Union's H2020 programme under
Grant Agreement No. 820805

WHY USE BIM DATA, WE HAVE Al

) Measurement data: generally a lot but usually important factors
unmeasured

) Many parameters in a data driven model with low quality data >
overfitting -> poor estimation

Advantages of using BIM in combination with physical models:
) What you already know you don’t have to estimate.

} You can do with less informative data to calibrate the model

) Logical boundaries on parameters in a physical model

Wouter Borshoom, Ruud van der Linden, TNO, 2021

A

complex model (overfits)

fluke in the
/.\ training data

& simple model

new point
= problem!

m innovation
for life




EXAMPLE BIM 2 PREDICTIVE TWIN:
BIM 2 BEM CHALLENGES

) BIM models not made for simulation models

) Decisions have to be made for zoning, and also for space 8-zone BIM model 2-zone BEM model
boundaries.

) Inconsistencies especially on the space boundaries can give
issues for building model.

) Different standards: IFC, gbXML, IDF.

Space boundaries issues

IFC l
I—IBIM <:'-/'-

gbXML

m innovation
for life

Wouter Borsboom, Ruud van der Linden, TNO, 2021

BIM 2 PREDICTIVE TWIN FOR IAQ AND ENERGY USE

Appl.Al
Building Information Model (BIM) Building Energy Model (BEM) %:

BIM-Information »

gbXML & IDF

TNO SirenE Predictive Twin

User behaviour model (data en machine learning) Physical model energy use

Dynamic data & Lok BT T 1T

(measuring 7 YOI

data) . || L L
HayStack (.1 s ::.\/

Wouter Borshoom, Ruud van der Linden, TNO, 2021

m innovation
for life
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) BIM INFORMATION: EXAMPLE OF GBXML 2 MODEL

gbXML data container standard 6.1 & IDF file

Dwelling: two zone
gbXML model

'Wouter Borsboom, Ruud van der Linden, TNO, 2021

IDF HVAC model

File import / data
selection

SirenE: Generation of a general struct containing all
information needed for building simulation

TNO AirMaps ventilation model

O syn.ikia |

TNO Heat transfer model

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No. 869918

m innovation
for life
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J

- ™
/Inﬂ uencing factors ) Occupancy Movement
(state change)
Non-adaptive
trigger(s)
State
\
Contextual
factor(s)
Behavior Action
(state change)
Adaptive
AN

vy

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Schweiker, 2017

et O A

) OCCUPANT MODEL , WORK IN PROGRESS

Adaptive triggers: environmental trigger
(e.g. due to discomfort)

Non-adaptive triggers: intentional actions
(e.g. showering)

Contextual factors: influence the
magnitude of the triggers (e.g. occupants
clothing)

Occupancy:
- usually modeled with time profiles

Behavior:

- usually modelled with Markov chains,
- TNO research on federated learning

m innovation
for life
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» EXAMPLE: PREDICTIVE TWIN TO ESTIMATE FLOOR
TEMPERATURE

Calculated operative temperature compared to the air and floor temperatures

= ~—— Operative temperature
——  Ar temperature
. f —— Floor temperature
A '»‘\
N A\ /‘Jf \ / \
= a /‘A NN A —

Temperature (*C)

10
Physical building Predictive building
Digital Twin

.5

a o o o ° a >

=8 8 =8 8 =8 8 %8

28 28 38 38 38 28 28 .

o “ - Time (dates) N o “ TKI Officecomfort [t 5,* TKI URBAN ENERGY

13

DYNAMIC DATA FOR PREDICTIVE TWINS: DECISION MAKING
NEEDS RELIABLE AND INFORMATIVE DATA

Y i AL N

“‘Data Tsunami”

" “time stamp
database(s)
Data from Building Automation System: room e
thermostats, Air Handling Units, DID’s,

Coolers etc.

Energy meters.
10T data

Additional systems: (entry gates), sun
shades, complaints etc.

AIM: services, retrofitting

innavati
Wouter Borsboom, Ruud van der Linden, TNO, 2021 'I'IIO r;mg on

14




DATA ISSUES

Lon an suppy

room temperatures: 8ste

T
controlsignal-supply-fan /10

aona L nnann i nannn ml] [0 . T

LBK 1: aif retum

control-signal-return-fan /10

controlsignal-heat-wheel

06 13 20 27 03

LBK 1: temperatures

I —— supply-temperature-air
@w@ didaliig A —— temp-air-supply-ateer-heat-wheel

06 13 20 3

14
LBK 1: pressures. 03/06 03/13 03/20 03/27 04/03

AAAA- ARAARAAAARAA- L AARAA [—omeme
AR | (1IN L T | 1N I An outlyer or a problem?

Lots of parameters in the AHU, but will it give me
insight?

innovati
Wouter Borshoom, Ruud van der Linden, TNO, 2021 'I'NO forie
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) DEMONSTRATION USE CASE GUI SCALABLE MODELS

@ TNO Buiding x |+ - o x|

 d C O A Notsecure | pc-21288:4005

This s Gam Square Offce
™ Now Project
Amstfam
[
= L
® light ) streets ) dark ) satellite
Projectinlo  Scenano Schedule  Simulation Setings
XML office_dem_squarexml  ~

surtace | sutaces | [adges | (a8
¥ surface
urface id | amd0671 || zoom

102-E-W-1061

B « » oo ‘]

innavati
Wouter Borsboom, Ruud van der Linden, TNO, 2021 'I'NO r;m: on

16




S iilding Simulate X +
< C O A Notsecure | pc-21288:4005
m innovation

for life
& Dashboard
L Menu <

Haarlem
Amsterdam

[Dlmop
® light  streets () dark ( satellite
Project Info Scenario S

Project Name: | Unknown

Project Info:

pc-21288:4005/#

Simulation Settings

rotation |

Almere

Qa % B » &

16:54
7-12-2020

WHAT IS NEEDED?

Optimi-

Prediction & Control

Intelligent Monitoring, event
detection

10T, Near Real-time Data

Optimal IAQ & Energy efficient office

zation Only a process that is controlled
> can be optimized

Only a process that is monitored can
be controlled

Data quality assessment
> and data repair

Wouter Borsboom, Ruud van der Linden, TNO, 2021

innovation
for life
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) DATA INFORMATION FLOW

Model-bas
analysis of data
and root causes

Smart data
analysis for
correlations
Data quality
assessment &
filtering

Structuring of data = '
from multiple
sources

Real-time tagging
of data

Measurement of
current peformance

(sensors or human) ) )
Evaluation of

effectiveness

Wouter Borshoom, Ruud van der Linden, TNO, 2021 actions

19

Assessment of
current status
asset

Prediction of
future
development
Combining with
financial / business
criteria

Recommendations
for action

Planning of actions
intime

Standardized
training of staff

Actions in
workflow
management
system

Naar Henk Akkermans,
WCM/TiU 2015

m innovation
for life

Execution of
maintenance /
operations actions

Logging of
maintenance,
operations actions

MANY STAKEHOLDERS INVOLVED,

Monitoring
Maintenance engineer
Action

Operator

{== Diagnosi

INTEGRATION WITH BIM IN OPERATION AND WORKFLOW
ORGANIZATION IS CRUCIAL TO EFFECTIVELY IMPROVE IAQ

m innovation
for life
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THANK YOU
FOR YOUR ATTENTION
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Université

Pc2A de Lille

-

Online personal IAQ monitoring —
personal exposure to indoor air pollutants.

B. Hanoune

benjamin.hanoune@univ-lille.fr

Webinar

Air Infiltration and Ventilation Centre

olline

Al POLL

https://www.apolline.science

Development of small-size, low-cost, pollutant monitoring system adapted to indoor and outdoor
environments

U Lille campus-wide sensor network, can be deployed in other environments

Research objectives : to understand the drivers of the dynamics of pollution inside buildings (U
Lille and other environments), and to quantify the exposure of people

Educational and awareness tool for students, staff, academics and general public

N ’/iEH .
ERISIAL  jRCiCa \ lemn Acea o
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Strategies to monitor personal IAP exposure

7 &

I / Y
I Where Do We

\ Strategy #1 : Personal sensors
\ - Size, weight, autonomy, communications are critical

6 ‘ Spend Our Time? ‘ factors
Q’ / - Few sensors inside the device
\\ /‘ - Access to indoor and outdoor personal exposure
M 69% in a home Strategy #2 : Fixed indoor air sensors
B 2% in a bar/restaurant - Electrical plug and ethernet available
B 5% in a vehicle - Sensor box can be somewhat large
B 1% in an outdoor/indoor location - Access to room/building air concentration, not exposure
B 5% in an office/factory
M 8% outdoors '

From sensors to data

Individual sensors Sensing node Communication Server (storage infrastructure)

& protocol
e > “«©
' apisense

Delayed or real-time
web-based display




« Wearable sensors » strategy

A
e N W (3 4 ®

Y g .
&g .lVI o 1853

Do we really want to have sensors on everyone ? (would be great also, but...) °
A
24 hours with a sensor
capteur 4 PM (pug/m3) 2018-09-25
rouge : PM10
bleu PM2.5
£ \ Challenges :
- Discrimination indoor/outdoor : jumpsin T, RH,
R SRS o L i S number of satellites...
- Metrology of sensors (changes in T, RH, speed)
- Data transfer
- Autonomy
IO, | o - Time and space variability
] — _ N - Inter-individual variability
. > o - Are the sensor people-proof ?
=9
-~ l;f = = '\
J
®




Apolline in the subway

Indoor Outdoor Metro Outdoor
—___PM
80 1 4
—PM, Indoor concentrations ~ 5 ug/m3
< 60F — PM,, Outdoor concentrations ~ 10 ug/m3
E PM,, Subway concentrations up to 80
Ty 40F . pg/m3
2 PM, Subway concentrations up to 50 ug/m3
20 1
11:35 1140 11145 11:50 11:55 12:00
Time
®
0o
7

« Fixed sensors » strategy

Attic
Man-made mineral fibres,
asbestos, formaldehyde, dust

bacteria and viruses,
pet dander, VOCs from
»ersonal care products

Living areas

Radon from soil/bedrock, CO and
NO, from fires and wood-burning
stoves, VOCs and formaldehyde
from carpets, paints, glues,
furniture and air fresheners,
tobacco smoke, pet dander

athroom

ould and mildew,
bacteria, VOCs and
bther chemicals from
:leaning products

Garage

Kitchen
CO from car exhaust,

0, NO2 and
rticulates from gas
kers/stoves, VOCs
om household
eaning products

Do we really want to have sensors in every room of every building ? (would be great, but...) a
®




What inter-dwellings variability ?

All investigated
environments behave
similarly.

Reistive Hurmidiy (%)

Main difference is T and
RH, driven by behavior,
not by pollution sources.

€0, (ppm)

! The « statistical » outliers
l correspond to pollution
;L epl_sqc_ies driven by
activities.
c i ) i,
9

|dentification of patterns associated to activities

Self-reported activities : cooking (various
methods), some cleaning.

Some events detected but not reported.
« Chemical signature » of activities.

Need to construct a database for such
sighatures.

PMys (i)

10




Sensors and ventilation

€O, concentrations

Students in their office at the University

AER

CO2 as a proxy to trigger ventilation only when

e =

CO; (spm)

@0 PM;p concentrations

24 hours threshoki
= 1 year treshold

Pl {ugim’)
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From sensors to usable information

Sensing node

Server (storage infrastructure)

> < @
, apisense

Can we /should we analyze the \\ /

data before transmission ? /

- Partial information \4

- Computation power S0y "+ 01 010 .

- Less transmissions oo o Data analysis :

- Energy efficiency . Ritte ongoing work, and the

key to putting sensors
everywhere

“Before Big Data analytics, it was what | call * Difficult Data.’
There was a lot of manual crunching of data .” °
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Take home messages

Wearable and fixed sensors allow to monitor or evaluate personal exposure.

,Prfovioéed ou can fix all technical issues : sensor response, size, weight, autonomy, cost, communication protocols, storage
infrastructure...

Not that much low cost, if you consider putting sensors everywhere, framework infrastructure, calibration and operation,
environmental cost

For exposure, recommandation for a network of wearable sensors / fixed sensors / reference monitoring stations

Issue #1 : make sure what the goal is : exposure characterization, building-related pollution, activity-related pollution, building
management, alerting system...

Issue #2 : what are we looking for ? Environmental parameters, particles, (speciated) gases, exposure duration, pre-identified
events, unexpected events...

!S§Uﬁ.#3 : how and when to analyze ? Delayed/real-time. Server/on-board sensor. Time-series, classification, artificial
intelligence...

13

https://annex86.iea-ebc.org/
" E E (LU 1S & SITE EBC-L \\

HOME
IEA EBC - Annex 86 - Energy Efficient Indoor Air Quality in R e
: Status: Ongoing (2020 - 2025)
From the overview of the state of the art, it is clear that the issues raised in the previous section can't be solved
OPERATING AGENT

directly from existing knowledge. Partial answers to each of these issues are available, but a new annex is needed to
address the gaps and Integrate the available solutions In a coherent and operable rating method

I x ion is a prereq for this effort since market access for innovative IAQ management
strategies is currently blocked In many countries due to all kinds of prescriptive regulatory constraints. With the
methods developed in the annex, we will be able to generate the necessary body of evidence to take regulatory action
to overcome these barriers, generate consensus, open these markets and create a level playing field, which today is
limited by very sparse and inconsistent approaches in the different member states.

Dr Jelle Laverge

Assistant Professor

Ghent University

Department of Architecture &
Urban Planning, Building Physics
Campus UFO T4, St-
Pietersnieuwstraat 41

9000 Ghent

BELGIUM

Tel: +32'9 264 37 49

Subtask 5 Energy savings and IAQ: improvements and validation through cloud data and IoT
connected devices

Subtask Leader: Belgium (UGent, Marc Delghust)
Co-Lead: France (ULille, Benjamin Hanoune)
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Thanks to :

« the participants in the studies

« the U Lille APOLLINE team that designed and implemented the sensors network infrastructure

« the APOLLINE funding partners : CLIMIBIO, IREPSE, CaPPA, Rincent Air, I-SITE ULNE

« the AIVC Webinar organizers

« the audience
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TECHNOLOGY
1
Who am I? —

LIS (4® -
GHENT WSV @ ouildingSMART

Associate Professor TU Eindhoven (2019)
Assistant Professor Ghent University (2016-2019)
Postdoc Ghent University (2014-2016)

Postdoc University of Amsterdam (2012-2014)

Master & PhD in Civil Engineering — Architecture
@Ghent University (2008, 2012)
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Presentation Qutline

1. Brains 4 Buildings: why?
2. Building Data Semantics: BIM, IFC, LBD, BRICK, etc.
3. System Integration for scalability and feasibility
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B4B: Brains for Building’s
§ Energy Systems

BRAINS 4
BUILDINGS

il / \\ ;

are to serve people’s needs:

- Occupants and FM: Health, comfort, ease of use & ease of operation,
affordability gl

- Humankind: energy efficiency, renewables b

Building operation is key (Energy & Indoor climate systems)

- Lots of occupants & FM dissatisfaction

- Lots of energy wastage §
- Operation data & data analytics, ML, Al are key to: &

- Understand >

- Steer & Control optimally

- Adapt to renewable energy .

- Make better designs .i'



End aims and user stories

Fault detection (improved building management systems — BMSs)
- understanding what goes wrong in a system
- predicting when faults occur and having clues about the why

- live detection i
User-centered systems

- comfort levels per individual user

- learning from user interaction <
Flexible Energy (interfaces):

- consumption of energy where it is being cre

- creation of energy where it is consumed

- load balance in the local and regional grid, including the appliances used

DATA
INTEGRATION

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels TU/e

Data Integration for Smart Buildings

6

To enable making our buildings smarter, advanced data integration
is needed (among several other matters):

- Ensure data connectivity between applications

- Ensure security, ethical use and privacy of data

- Standardise data sets and approaches

- Aim for system integration at API level, between individual
systems of diverse manufacturers

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels TU/e
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All sorts of data available ...

PO
Buikding URI: it data, geching. e resource buding dedceade | Oc24220CESHIRIMNT <
Ouking Class bins 2wl org ot #Ruling

& wologies geahive e as huldingTiom 1 12

ok =
S e 1

i

eIy

i
B
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BIM data: Revit, modelling guidelines, agreements, 3D
modelling, and IFC
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Data in the Industry Foundation Classes (IFC)

- Overall building shape and topology easy

- Classification of elements possible, but not many classes => extension
with bSDD classes and properties possible

- Difficult (not impossible) to include sensor data (timeseries data)

- Availability in STEP, XML, RDF, and JSON

¥ @ owl:Thing v- @ owl:Thing
Related- - :(onf:Pm :lodl:umn
lating- v @ Product v @ Product
o ObiSc fcRelDefinesByType Type v ® BuildingElement ¥ © DistributionElement
RelatingObject IsTypedBy Types » ﬁ ¥ @ DistributionControlElement
 © BuildingElementPro Y .:f"“'
{ MfcObject | [ 1fcTypebject | t :Chl-uv 0‘""' ey
Related- Defines- #-@ Column © HydraulicActuator
Decomposes IsDefined| ¥ @ Covering © PneumaticActuator
Rhiect: R e © Ceiling @ ThermostaticActuator
Contains- pejhted- :Chddhg » :Ahr-
RelatingStruet: ements . one @ Flooring » © Controller
RelatingObject s Elerhents : HasProperty- " @ Insulation » © FlowInstrument
i Sets @ Membrane » O ProtectiveDeviceTrippingUnit
IfcRelContainedin- © Molding v .s:nor
CO2Sensor
) SpatialStructure ::::wmm ® o

Decomposes RelatedObjects HasProperties ing .cm"m"'“'s' s

RelatingStructare | @ Steeving Contictse

IfcProperty. © Wrapping © FireSensor

@ "Curtain wall' © FlowSensor
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W3C Linked Building Data
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Emergence of W3C LBD Community Group: Mission
Statement

Bring together experts in the area of Building Information Modeling (BIM)
and Web of Data technologies to:
1. define existing and future use cases and requirements for Linked Data
based applications across the life cycle of buildings.
2. discuss best practices for publishing building data on the Web propose
ontology models to describe:
1. Buildings and building elements (topology, associate values to properties)
2.  Products and product properties
3. discuss how they can be used together with other specifications:

1. existing standards (IFC, GeoSPARQL, Semantic Sensor Network, ...)
2. separate initiatives (schema.org, Haystack, BRICK, ...)
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Scope of BOT: just the start, allowing to extend
- Limited set of classes
- Extensible and easy to combine with other ontologies and data sets
- Comprehensible
[ botSpace bot:Zone
bot:Space -
10} . \ bot:Zone
5 G -,
N bot:Storey - T <5TO////// p—. . .\ botnterface --
5 N : bo‘rcomqmsZomeE
Q| Pomne 9 drg bot:nterface
\bcthasSIorey \évbulj e -
|  botSite ) bot-Hement ---
_,/‘\} X _deli:\‘/ bol contomsZoneI'
. ///f /// » ot:interface
g/ =) ,:_'5\\\??/’ botinterface Of
L e
14  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels TU/e

14



Modular ontology modelling advocated by LBD group

Schema-level

Instance-level

* Implemented using Semantic Web Technologies -> Web-scale, queryable

* Reuse of existing ontologies -> Modular

* Linking at instance level -> Multi-model method

Sample dataset available at:
https://github.com/TechnicalBuildingSystems/OpenSmartHomeData

15  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels TU/e
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Modular approach to building data

bot:containsElement
botintersectingElement
botadjacentElement
bothasElement
botiasZone
botZone [ botglement | [ schemaproduct |
rdfs:subClassOf rdfssubClassOf
rdfitype
dfsisub ot
botsite | [ botBuilding | [ botstorey | [ bot:space | rgfsisubClassOf fafssublass
1 i
/" LINKING LINKING ', / - -
[ ifcBuildi | [ ifcDistributi | [ ifcCuvitement | [ okstmglement | [ rwsPhysicalObject
/ » ifcBeam + fcDistibutionControlEiement . . .
 ifc:Actuator A\ . v

{
/

ifc:ElectricActuator
ifc:HandOperatedActuator
ifc:HydraulicActuator
PneumaticActuator .. .. .
ifcThermostaticActuator

» ifc
- »
i i 3
ifc:Roofing w ifc:Sensor

&4\

L
JIAPPING ¥ 0 ansor MAPPING , MAPi o MAPPING , ™~
ifc:Sleeving ifc:ConductanceSensor
- i ppil ife:C 3 [ 3
ifc:CurtainWall -COSensor
Ip- » ifc:Door FireSensor
ifc:FlowSensor
rdfitype
16  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels I U/e
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https://github.com/TechnicalBuildingSystems/OpenSmartHomeData

Reference ontologies

BOT https://w3id.org/bot#

BEO https://pi.pauwel.be/voc/buildingelement/
MEP https://pi.pauwel.be/voc/distributionelement/
oMG https://w3id.org/omg#

FOG https://w3id.org/fogi

BPO https://www.w3id.org/bpo#

OPM https://www.w3id.org/opm#

Revit to LBD exporter: on demand
IFC to LBD converter: on demand

17  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels
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BRICK, HTO, SAREF, and REC

18  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels
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https://w3id.org/bot
https://pi.pauwel.be/voc/buildingelement/
https://pi.pauwel.be/voc/distributionelement/
https://w3id.org/omg
https://w3id.org/fog
https://www.w3id.org/bpo
https://www.w3id.org/opm

BRICK, HTO, SAREF, REC, etc.

Developments are rather Modeling Support Brick Project Haystack IFC BOT SAREF
. HWVAC Systems yes yes yes no no
d Iscon neCted from a ny B I M - Lighting Systems yes partial yes no no .p
Or building_related area Electrical Systems yes yes yes no no ’
FOCUS On Systems’ inC|, Spatial \nfotrmat\on yes no yes yes no
Sensor Systems yes yes generic no yes
Operatlon and Contr()l Control Relationships yes no generic  no no
FOCUS On the Sensor‘ Polnt Operational Relationships ~ yes no generic  no no
Formal Definitions yes  no yes yes  yes

and Equipment types
https://brickschema.org/

Beware of biased overview
tables

19  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels
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BRICK - A uniform metadata schema for buildings

Air Handling Unit

Variable Air Volune Box | AHUTA [ variable air volume Box |
1 1
! feeds feeds | HVAC Zone
! |
! | i
! !
! |

I
VAV2-4 ] [ VAV2-3 ], o hasPart

Room 410

Room 411
Room 412

Brick Entity

Point class
Brick Schema

fee VAV2-3Z0ne

hasPart

hasPoint

{ VAV2-4.DPR ][ VAVZ2-4.ZN-T ][ VAV2-4. SUPFLOW ][ VAV2-4. SUPFLSP ]

hasPoint i | :
| !

VAVZ2-4. DPRPOS

| Jamper Position Setpoint |

o = . ' N
| Supply Rir Temp Sensor | i ‘ Supply Air Flow Setpoint ‘
i

‘ Supply Air Flow Sensor | Location class o~
definition

Equipment clazs

https://brickschema.org/

TU/e
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https://brickschema.org/
https://brickschema.org/

BRICK, HTO, SAREF, REC, etc.

BRICK SAREF4BLDG

equipRef siteRef weatherRef

geo:location

[[Point ] [ Equipment | [ site | [ Weather |

siteRef hasSpace

Real Estate Core

geo:SpatialThing
VAN

geo:location

AN

[ saref:Device |

BuildingDevice

belongsTo RealEstate belongsTo
BuildingStructure [ Land |
StructureComponent hasStoreyLevel
| BuildingStructureComponent | | StoreylLevel |
S ot
[ Room | [ Facade | [ Roof |

21 Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels
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In short

Nothing that cannot be included in a modular linked building data (LBD)
cloud.

22 Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels
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Presentation Qutline

1. Brains 4 Buildings: why?
2. Building Data Semantics: BIM, IFC, LBD, BRICK, etc.
3. System Integration for scalability and feasibility
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Mapping all into RDF
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Available options for integration for software

OPTION 1: Transform all into semantic graphs (e.g. R2ZRML or custom data
transformers) and do data integration

Plus: all in same format

Plus: inference possible

Minus: unfit storage

Minus: disconnect from origin

Minus: no ML algorithms nor procedural code possible
Minus: how to handle privacy and security (trust?)

25  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels TU/e
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Native data m
format —
—
©
. =
Native data (@) >
(@)
format o
o
. =
Native data , = _’_%
format ™

26

Linking data

ROF <

stores

Data
management in
RDF application
< back-end
stores
End user
application
development
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We intend to Leverage a Standard Conceptual Overview of
Information Silos and Data Aggregation

Main focus of

interestat IRUSE
Holistic Performance View

T
Fault Stakeholder
Detection Analysis.

Analytic Layer

—{ P
Performance
Metrics

—-!-—-

Resource
Analysis

Aggregation Layer
O S . ———

—

Raw Data Silos
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SEMANCO

SatALLY —

it

ENERGY DATA ‘ e
Y=

DO i o

ki :

ener hooes =
| open inkedone |

P Bi—-

prrminsin [

g N e

prrepdiys ( P
Economic dats. ]

PN $

pr— \

ACROSS DIFFERENT e Unergydote

GEOGRAPHIC interfaces X

oo =

SCALES \ %

DATA: Distributed
repositories of energy
related information

TOOLS: (visualization,
analysis, simulation)

SEIF: Semantic Energy
Information Framework

Gongal Costa, Alvaro Sicilia, Leandro Madrazo. Energy efficiency of buildings.
1st Intl. Workshop on Linked Data in Architecture and Construction. Ghent, BE, 2012.

James O’Donnell, Edward Corry, Edward Curry, Marcus Keane. Building and using multi-domain data.

1st Intl. Workshop on Linked Data in Architecture and Construction. Ghent, BE, 2012.

TU/e
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L

Linking data 4
stores
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Data
management in
application
back-end

RDF
stores

<

End user
application
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flict development

RDF

L
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Maintaining specialized data stores and deploying
web technologies

29  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels TU/e
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Available options for integration in trustworthy
manner

OPTION 2: Store all in well-fit data stores (KV stores, graphDBs, relational
DBs, timeseries stores, etc.) and perform data integration (also) on a
system and API level (system integration)

* Plus: apt data storage

* Plus: data stays at source -> web-based connections needed

* Plus: ML algorithms and procedural algorithms not blocked

* Plus: Privacy and security can be easily handled at the gates of APIs and

DBs.
* Minus: multitude of systems requires lots of diverse software and
expertise
30  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels TU/e
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management in
application

Linking data in server
Native data saL back-end across
format different types of
- databases
Native data RDF <
format
Native data “ <
format
Data Access
Layers (REST APIs)
Standard web
Native data o technologies
format (ACL)
—

31  Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels

End user
application
back-end

End user
application
back-end
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SENSOR DATA EXAMPLE: GIGANTIUM |0T LIVING LAB AALBORG

» 35 sensor nodes monitoring Temperature (°C), Relative
Humidity (%), Air Pressure (hPa), Indoor Air Quality (Total
Volatile Organic Compounds ((TVOC), ppb) and CO2
(ppm)), illuminance (lux) and motion

> Data storage in SQL database
» Data monitoring and visualization in Grafana

Air Quality (TVOC)
1250 ppb
1000 ppb
750 ppb
500 ppb

250 ppb

ppb ==
12/400:00

w= Node: 00000066 3ppb 1041 ppb 401 ppb
— Node: 00000067 Oppb  1156ppb  133ppb
— Node: 00000072 0ppb 0ppb 0ppb

___Noda 00onnoza Qooh daseoohs07oon
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CHANGING

(LEVEL-1)

MAIN HALL
(LEVEL-1)

AUXILIARY ICE RINK (LEVEL-1)

L]

|_~PUBLIC FOYER
(LEVEL0)

ROOMS

ADMINISTRATION (LEVEL +1)

O
ATHLETICS HALL
(LEVEL-1)

MAIN ICE RINK
(LEVEL-1)

r=n'

AUXILIARY HALL SWIMMING POUL (LEVEL 0)

[0 Grafana

CONFERENCE ROOM
(LEVEL +1)

1-CHANGING ROOMS
(LEVEL0)

™ SPA(LEVEL +1)
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SEMANTIC GRAPH ENRICHED WITH PERFORMANCE PATTERNS AND WEB REFERENCE TO
SENSOR DATA

inst:room_16
rdfitype bot:Space ;
gig:hasSensorNode inst:sensorNode_0000014 ;
gig:spaceType "Cafe";
rdfs:label "Cafe" .

inst:sensorNode_00000014

rdfitype gig:SensorNode ;

rdfs:label "00000014" ;

gig:observation "Indoor climate” ;

gig:purpose "Thermal comfort in the lobby during big events when there is a gathering of a lot of people.” ;

sosa:hosts inst:sensor_00000014_1, inst:sensor_00000014_2, inst:sensor_00000014_3, inst:sensor_00000014_4, inst:sensor_00000014_5,
inst:sensor_00000014_6 ;

gig:placement "Placed on a column in the cafe without direct sunlight.” .

inst:sensor_00000014_1 ;
rdfitype sosa:Sensor ;

sosaimadeObservation inst:observation_T ; Petrova, E., Pauwels, P., Svidt, K., Jensen, R.L. (2018) From patterns
Sﬂsaiﬂbse:\fes 'nStiObSP“fOPE'Wj g to evidence: Enhancing sustainable building design with pattern
rdfs:label "00000014_1" . recognition and information retrieval approaches. Proceedings of

CPPM conference, pp. 391-399.

esult_1 rdfitype sosa:Result ;
rdfs:label "Result of observation of Relative Humidity";
gig:values "https://gigantium.dk/Gigantium2018instances?orgld=1&datastream=true"” .
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Abox linking to point cloud data and geometry

J—
—
e (

styihasPointCloudRepresentation

inst mpacet nstseet

inst occlusont instURLtoRhinaFde

e WahaCesiusion
L g hasRhnorie

L L
st ey instbutig!
st remark2 T =g hast scalVersion

'
B (O S |

X\ R |
——

sig-hasl OAvalus

TnstL0A_geoma LEGENDA

m stgusecDeviationAnalysis spassTER n .=mrmm 5
[ T —
‘ insi:sp | () =0k mamce se
IFol 8
| w000
Qﬁns&mpeﬁ)}\nnda v0 65000
S ., 065002750
e Jeroen Werbrouck et al., Scan-to-graph: Semantic enrichment of existing building geometry,
sty Automation in Construction, 119 (2020). https://doi.org/10.1016/j.autcon.2020.103286.
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https://doi.org/10.1016/j.autcon.2020.103286

Increase simplicity, preserve semantics

Digital Twin System (DTLab Topological map of floor 8
SCADA system & Y ( ) polog p
/ E
Physical building . v
Semantic 3D model (BIM) Knowledge graph z Metric map of floor 8
—— | o T
> [ | — | GO g g
r 0 O A A
k
f Full simulated world
___JSequrity -

Research Challenges:
- Trustworthy Data Integration | Non-semantic
- Merging Models and Data & 3D geometry

Authenticption -
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