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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.
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BUILDINGS PROVIDE TONS OF DATA, BUT DO WE HAVE

INFORMATION TO IMPROVE ENERGY AND IAQ ?
WHAT CAN BIM AND PREDICTIVE TWINS MEAN?
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600 room temperatures, which one to choose?
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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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) 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, reduce energie, event detection,
optimize building processes & commissioning?

Development of predictive twin methodologies and tools

to meet these challenges for clients.
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WHY USE BIM DATA, WE HAVE Al

) Usually a big set of Measurement data is available, but often
important physical variables are unmeasured

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

A complex model (overfits)
1 »
Advantages of using BIM in combination with physical models: El Ny, SR

fluke in the
training daia

) What you already know you don’t have to estimate.

) Logical (physics determined) boundaries on parameters
prevent nonsense parameter values while fitting

new point

) You can do with less informative data = iebigm!
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EXAMPLE BIM 2 PREDICTIVE TWIN:
BIM 2 BEM CHALLENGES
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) Decisions have to be made for zoning, and also for space 8-zone BIM model 2-zone BEM model
boundaries.

) BIM models not made for simulation models

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

) Different standards: IFC, gbXML, and don’t contain all
necessary data.

Space boundaries issues

IFC

\‘ Middleware
ikt < / Conversion Utility SN

gbXML
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BIM 2 PREDICTIVE TWIN FOR IAQ AND ENERGY USE

Building Information Model (BIM)

BIM-Information

Revit

TNO Sirin-E Predictive Twin

IFC / gbXML

Building Energy Model (BEM)

User behaviour model (data en machine learning, Federated learning))

Dynamic data
(measuring
data)

HayStack

Q
Q

Physical model energy use
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IDF (EnergyPlus data format

Wouter Borsboom, Ruud van der Linden, TNO, 2021

) BIM INFORMATION: EXAMPLE OF GBXML 2 MODEL

gbXML data container standard 6.1 / IDF

File import / data
selection

v

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

TNO AirMaps ventilation model TNO Heat transfer model
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) DEMONSTRATION USE CASE GUI SCALABLE MODELS
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MANY STAKEHOLDERS INVOLVED,

Mdnitoring

Maintenance engineer Operator

Action {=m Diagnosi

INTEGRATION WITH BIM IN OPERATION AND WORKFLOW
ORGANIZATION IS CRUCIAL TO EFFECTIVELY IMPLEMENT BDT
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