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CFS4LowCarb

Background project
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The CFS4LowCarb - project...

focuses on complex fenestration systems: simulation and compliance tools dedicated to predicting, evaluating
and improving daylighting in buildings.

focuses on novel energy-efficient fagade systems: integrating solar-active components into transparent
building envelopes.

contributes in moving towards a low-carbon built environment: proposed methods for selected CFS solutions
will be tested and evaluated in virtual and real-world case studies by integrating them into digital twin
testbeds in Austria and China.

- these developments aim to enhance building energy efficiency and support a transition toward a low-
carbon built environment.

/i / /
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Current obstacles in integral day- and artificial light planning with BIM

(1) Interface
=  Bidirectional compatibility of planning tools with the BIM software
=  Support of open exchange formats (openBIM)

(2) Data exchange
= Standardized exchange of information (parameter definition)
=  Direct use of BIM model data (geometry + metadata)
=  Recirculation of calculation results (into the BIM software)

(3) Responsibilities
=  Definition of specifications (material data, lighting targets....)
®= Undefined responsibilitiesin the different planning steps = unresolved liability issues

(4) Manufacturer neutrality
®=  Nouse of manufacturer-specific objects ("families”)
=  Useofinternal "dummy" objects

Management Q

Adobe Stock | #105452511

71
0De sign

loper
Standard
oftware

gn
u\s reloper

Design
- Process ]

Operation veior:

I Building
BI M Informatlon
Modeling

M >On.
Software g Pl a@ es ¢ Management £ f g oftware

Sof ltware

Maintain
Oper
Digital

[ ]
l
Places

Desi

BARTENBACH - THE LIGHTING INNOVATORS /ISEC 2026 /15.04.2026



Published literature review work

about Control Strategy Integration in Digital Twins

Main topics:

 BIMand Digital Twins
« Day- and artificial lighting controls
* Integrative methods of design and implementation

Contributed Insitutes:
« University of Innsbruck, Unit of Energy Efficient Building
« Bartenbach GmbH
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Abstract: In the architecture, engineering, and construction industries, the integration of Building
Information Modeling (BIM) has become instrumental in shaping the design and commissioning of
smart buildings. At the center of this development is the pursuit of more intelligent, efficient, and
sustainable built environments. The emergence of smart buildings equipped with advanced sensor
netw orks and automation sy stems increasingly requires the implementation of Digital Twins (DT) for
the direct coupling of BIM methods for integral building planning, commissioning, and operational
monitoring. While simulation tools and methods exist in the design phase of developing advanced
controls, their mapping to construction or post-construction models is less well developed. Through
systematic, keyword-based literature research on publisher-independent databases, this review paper
gives a comprehensive overview of the state of the research on BIM integration of building control
systems with a primary focus on combined controls for daylight and artificial lighting systems.
The review, supported by a bibliometric literature analysis, highlights major development fields in
HVAC controls, failure detection, and fire-detection systems, while the integration of daylight and
artificial lighting controls in Digital Twins is still at an early stage of development. In addition to
already existing reviews in the context of BIM and Digital planning methods, this review particularly
intends to build the necessary knowledge base to further motivate research activities to integrate
simulation-based control methods in the BIM planning process and to further close the gap between
planning, implementation, and commissioning.

Keywords: building information modelling; digital twin; integral control strategy; daylight and
artificial lighting; simulation
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closedBIM

State of the art in the BIM-integration of day- and artificial light planning tools

- I T e s

DIALux evo AL (+DL) IFC-import Import of geometry data, no metadata, no back import of
results 2 Update to latest release!
Relux AL (+DL) Revit-plugin Model construction and calculation directly in Revit,
display of results, export (one-way) to Relux Desktop
EulumTools AL (+DL) Revit-plugin Model construction and calculation directly in Revit,
presentation of results, own material mapping
Climate Studio DL (+AL) File export from Own Revit export file (*cse), import of geometry data in
Revit CS Rhino plugin, no metadata
AftabRad DL (+AL) Revit-plugin Radiance daylight calculation based on Revit geometry,
reference of material data from Revit model
Ladybug Tools DL (+AL) Revit-plugin Use of Ladybug tools in Revit, automated geometry
(Pollination) porting, no metadata.

* Selection of common tools, no claim to completeness
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Digital Twin IFC model - Geometry import & model setup
Analysed Digital-twin building: Infineon headquarter, Villach, AT

G oo Tools MehToos RenderToos Draig NewinVe  Cimareidie

S o S
.%,9.8,9.0,00.8, 167100,

To e Kaer | Vete | e Distle

satineraes (B LSTE GisSesy Oho Pl Ouasp Smartliack Gumball (CPaae) () huto Chone (Coject _ Bocod Htony  Bllr_ Mt o st e 37

IFC-import in Rhino 8
using the gglFC-plugin
(3rd party)

Setup CS-model in
Rhino 8
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Open Space Office - Analysis areas
Analysed Digital-twin building: Infineon headquarter, Villach, AT

SE - Facade
SW-Facade
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Open Space Office - Interior setup

Sensor positions:

b5 horizontal illuminance sensors on
workplace height (0,75m)

Sensor position on occupant eye-level (1,2m)
Ceiling sensors (lockdown-sensor)
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Open Space Office - Daylight sensor point placements (desks)

Workplace sensor grid - 6 sensors per worktable

Room sensor grid - Im distance
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Digital Twin - Monitoring data analysis

Analysis of monitoring dataset from operational year 2024
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Measurement data in hourly resolution (data break between 16.06.24 and 05.08.24)
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Global radiation horizontal + separation direct-/ diffuse radiation
in all different facade orientation
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Digital Twin - Operational facade shading states

* Data series SE-facade: 11 separable facade segments (blind position and blind tilt angle)
* Data series SW-facade: 8 separable fagade segments (blind position and blind tilt angle)

* Analysis of facade states: ~ only for occupancy times: estimated from 07:30 - 17:30 (Mon-Fri)

South-west facade South-east facade

Louver tiltangle hours in a year Louver tiltangle hours in a year
> 45° 4h > 45° b5h
>30° 165h >30° 74h
>15° 201h >15° 86h
=Q° 2478h =0° 3210 h
Shading position hoursin ayear
SE - Facade
>50% closed ~3300h (96% p.a.) SW-Facade
>80% closed ~3200h (93% p.a.)

>85% closed ~1450h (41% p.a.)
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Initial step - Point-in-time evaluation (static conditions)
Daylight Factor (overcast sky) / Point in time (climate-based)

© Wheatherfile - Villach Pointin Time 3 June Daylight Factor
E 9:30 AM 12:30 AM 15:30 PM
?l{. Baseline only Glazing 2062 3509 10649 5.6% mean DF
; Glazy + blinds 0° 1028 1604 2612
E Glazy + blinds 15° 977 1508 2416
E Glazy + blinds 30° 883 1391 2435
E Glazy + blinds 45° 704 1181 2241
E Glazy + blinds 60° 461 866 1658
mean lx
only desk

- Blind setting with 45-degree tilt angle was chosen for further annual analysis
- Best compromise between (1) solar shading - (2) daylight utilization -

(3) quality view to outside
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Step A - Fagade-wide control

* Room-grid controlled

° shading closes, when direct sun enters >1,5m in room depth
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Step A - Fagade-wide control

* Room-grid controlled

° shading closes, when direct sun enters >1,5m in room depth
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Step B - Fagade-segmented control

* Room-grid controlled

* shading closes, when direct sun hits > 2% of the overall sensor points

9% view hours
o B 5 B 8
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Step C - Workplace-individual control

* Workplace-grid controlled

° Shading closes, when direct sun hits > 2% of the overall sensor points
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Step C - Workplace-individual contr

* Workplace-grid controlled

* Shading closes, when direct sun hits > 2% of the overall sensor points
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Results Summary & Conclusion

| Steps | Uon | ASEuomsm | Mum,, | Bind, | sD5
m 70,9 % 39,7 % 1663 Ix 88,7 % 9,2 %
78 % 391% 1825 Ix 82 % 371%
m 67.6 % 446 % 2373 Ix 87,9 % 47,8 %

*Only workdesk area

Simulation variants:
« Step A - fagade-wide control with floor plan grid (max. 1,5 m depth with direct sun)
« Step B - facade-segmental control with floor plan grid (max. 2% of sensors)
« Step C - fagcade-segmental control with workplace-individual sensor grids (max. 2% of sensors)
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