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TNO (www.tno.nl) 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.
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THERE IS A CLEAR NEED TO ASSESS INDOOR AIR QUALITY

DIFFERENT PROTOCOLS TO ASSESS IAQ

Example of a Dutch IAQ requirement, which parameters to

use, how to measure, where to measure.

www.pvegezondekantoren.nl
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BUILDINGS PROVIDE TONS OF DATA, BUT DO WE HAVE 
INFORMATION TO IMPROVE IAQ ?
WHAT CAN BIM AND PREDICTIVE TWINS MEAN?

Wouter Borsboom, Ruud van der Linden, TNO, 2021
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600 room temperatures, which one to choose?

BUT HOW ARE DIGITAL SOLUTIONS REALLY GOING TO MAKE A 
DIFFERENCE TO THESE CHALLENGES?
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Predictive twins are predictive digital replicas of 

physical structures such as bridges, tunnels, 

homes and offices. With these twins, the future 

behaviour and use of structures and networks of 

structures can be predicted and influenced
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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

WHY USE BIM DATA, WE HAVE AI

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
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Heatflow 

kW

Flow m3/s
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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

boundaries.

Inconsistencies especially on the space boundaries can give

issues for building model.

Different standards: IFC, gbXML, IDF.

8-zone BIM model 2-zone BEM model

Space boundaries issues

Wouter Borsboom, Ruud van der Linden, TNO, 2021

BIM 2 PREDICTIVE TWIN FOR IAQ AND ENERGY USE

Building Information Model (BIM) Building Energy Model (BEM)

TNO SirenE Predictive Twin

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

BIM-Information

Dynamic data 

(measuring

data)

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Revit gbXML & IDF

HayStack
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BIM INFORMATION: EXAMPLE OF GBXML 2 MODEL

gbXML data container standard 6.1 & IDF file

Dwelling: two zone 

gbXML model

SirenE: Generation of a general struct containing all

information needed for building simulation

-

File import / data 

selection

Wouter Borsboom, Ruud van der Linden, TNO, 2021

TNO AirMaps ventilation model 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

IDF HVAC model

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

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Schweiker, 2017
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EXAMPLE: PREDICTIVE TWIN TO ESTIMATE FLOOR 
TEMPERATURE

TKI Officecomfort

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

“Data Tsunami”

What is monitored?

• Data from Building Automation System: room 

thermostats, Air Handling Units, DID’s, 

Coolers etc.

• Energy meters.

• IOT data

• Additional systems: (entry gates), sun 

shades, complaints etc.

• AIM: services, retrofitting

time stamp 

database(s)

Data consistency 

Data ≠ Information
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DATA ISSUES
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An outlyer or a problem?
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Lots of parameters in the AHU, but will it give me 

insight?

Wouter Borsboom, Ruud van der Linden, TNO, 2021

DEMONSTRATION USE CASE GUI SCALABLE MODELS

Wouter Borsboom, Ruud van der Linden, TNO, 2021
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WHAT IS NEEDED?

Optimi-

zation

Prediction & Control

Intelligent Monitoring, event 

detection

Only a process that is monitored can 
be controlled

Only a process that is controlled 
can be optimized

IOT, Near Real-time Data

Data quality assessment 
and data repair

Optimal IAQ & Energy efficient office

Wouter Borsboom, Ruud van der Linden, TNO, 2021
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Data quality 
assessment & 

filtering

DATA INFORMATION FLOW

Logging of 
maintenance / 

operations actions

Real-time tagging 
of data

Measurement of 
current peformance
(sensors or human)

Structuring of data 
from multiple 

sources

Smart data 
analysis for 
correlations

Model-based 
analysis of data 
and root causes

Assessment of 
current status 

asset

Prediction of 
future 

development

Combining with 
financial / business 

criteria

Recommendations 
for action

Planning of actions 
in time 

Execution of 
maintenance / 

operations actions

Evaluation of 
effectiveness 

actions

Standardized 
training of staff

Naar Henk Akkermans, 
WCM/TiU 2015

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Actions in 
workflow 

management 
system

MANY STAKEHOLDERS INVOLVED,

INTEGRATION WITH BIM IN OPERATION AND WORKFLOW 

ORGANIZATION IS CRUCIAL TO EFFECTIVELY IMPROVE IAQ
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THANK YOU
FOR YOUR ATTENTION 
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