oSG

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

- //r NE
- 2 2 \ ‘

’ - [ ) ,
-3 ( /—cnlf

#TASK70_ () ()
Low Carbon, High Comfort Integrated

Digitalized Lighting Solutions —
State of the Art in Technologies and Design Workflows

|

David Geisler-Moroder
IEA SHC Solar Academy | 19 May 2026 & 21 May 2026

Technology Collaboration Programme
by 2



Digitalized

lighting
solutions:
electric
lighting &
daylighting
Digitally telling \ Solar :
the story: . i . utilization:
VR/AR \Q,\‘-a 2atq daylighting
environments 0 0 and/vs. BIPV
Process & nghtmg
Design Tools and
Daylighting
Desi d
e\fsllsgt?onn: o@ o(\ Advanced Tech nology &
\ B C ,{.\ controls and Systems
\ e e e’"bonﬂ_a connected Y
\ integrative systems: |OT
solutions Lighting
solutions in
the building’s
digital twin:
BIM-

workflows and
data



Digitalized Lighting Solutions i
(Technology & Design Tools / Process) k.

Coordination: David Geisler-Moroder, University Innsbruck, Austria and Eleanor S. Lee, LBNL, U.S.A.

— System concepts for digitalized
lighting solutions and combined
daylight and solar utilization

— |OT and control systems

— BIM - continuous workflow for
integrated lighting solutions and
underlying data

6CLF PRI

— Simulation methods for integrative itz o e

BR3E o< B

lighting design and VR possibilities
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Micro-prismatic materials for Complex Fenestration Systems

Highlights

— MIiPMs can effectively enhance the
quality of light and thermal
environments in buildings.

On-site images

Complex N
fenestration systems

= — Optimization algorithms and new
el materials improve MiPMs design
and performance.

— Ultra-precision machining is
essential for high-quality MiPMs
production.

— Aroadmap for MiPMs
implementation in building
fenestrations is provided.

— High-quality products, standardized
. evaluations, and integration with
18 ' other technologies are the keys to
MiPMs improvement.

[114]

Xuran Guo, Zhen Tian, Yongging Zhao, David Geisler-Moroder, Martin Hauer, Enhancing indoor light and thermal performance with
micro-prismatic materials for complex fenestration systems: A review, Energy & Buildings 325, 115002, 2025. &Zﬂn
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Table 3
Existing literature on the impact of MiPMs on indoor illuminance.
Reference Fearures of CFS Types of Location Evaluation Evaluation metrics Resules
with MiPMs MiPMs methods
Mashaly eral.  Full window single-sided Cairo Gomputer DA Increased sDA from 67 % to 78 %,
[34] coverage simulations «compared to plain glass
Tianetal [77]  Full window single-sided Suzhou Onsitetests & Horizontal illuminance Improved illuminance levels and
coverage computer uniformity in sunny days, compared to
simulation conventional glazing
Tianecal (78]  Full window Single-sided Suzhou, Harbin, On-site tests & Herizontal illuminance, Increased U, and reduced glare index,
caverage and Beijing computer Tlluminance uniformity (U;)and  compared ta conventional glazing
simulations Glare index
Davila [107] Upper window Single-sided Central-north Computer uDt Improved illuminance compared to
caverage Méxica simulations standard glass
Kazanasmazer  Upper window single-sided Lucemne Computer DA Increased sDA from 60.2 % to £0.2 %,
al. [44] coverage simulations compared to typical double-glazing
Linetal. [102]  Upper window Single-sided Shanghai Computer Work plane illuminance (WPT) Increased WPI by 5.4 %, 26.9 %, and
coverage simulations 34,6 % at different solar altitudes,
compared to conventional glazing
Mashaly ccal.  Full and upper Single-sided Brisbane Computer Arithmedic mean illuminance Most redirecting panels performed beter
371 window coverage  and double- simulations (Epmess). standard deviation of at solar altitude angles higher than 20°,
sided illuminanee (SD(E)), and the ratio  compared to normal window
between SD(E) and Exexn
Mashaly etal.  Upper window Single-sided Brisbane Computer SD(E), and modified UDI (mUDI]  Reduced SD(E) from .9 % to 7.4 % and
(311 coverage (optimized) simulations improved mUDI from 45 % to 66.9 %,
compared to the best existing CFS
Grebe [73] Coating for ’ The sun in the Computer Iluminance Becter Iluminance diswribution,
venetian blinds South at an simulations compared ta other coatings
elevation of 50°
Salamati etal.  Combining with  Single-sided New York, Computer unt Improved UDI from 9 % to 16 %, ideal
[98] horizontal Raleigh, San simulations daylight for 95 % of working hours
skylight system Francise, and annually, compared to other skylizht
Phoenix configurations
Haghani and Combining with  Single-sided Raleigh Computer Uniformity Index (UD) Minimum Ul value of 0.41 under various
Place [52] vertical louvers simulations conditions
Doand Chen  Combiningwith  Single-sided Taipei Computer <DA and sDA Enhanced daylight availability with
[461 automated roller simulations appropriate scheme selection
shades
Fangetal [45]  Combiningwith  Single-sided Shanghai Computer upt Reduced excessive daylight of 17 % in the
dynamic louvers simulations front zone and improved useful daylight
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of 10 % in the back zone, compared to
conventional double glazing
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BSDF Data Generation

BSDF: Bidirectional Scattering Distribution
Function

- Photometry of window / shading /
daylighting systems

- Analogon to luminous intensity
distributions for daylighting systems

— Distribution on the interior side as
function of the exterior

6 IEA SHC Task 70 “Low Carbon, High Comfort Integrated Lighting”




BSDF Data Generation: ISO/CIE Standardization

ISO/CI E DIS 25 176: Standards Sectors About ISO Insights & news Taking part Store
“BSDF data generation for

complex fenestration systems”
ISO/CIE DIS 25176

Light and lighting — Daylight in buildings

— Draft International :x: \o%"* — BSDF data generation for complex
Standard ( D] S) Wt gw\\\DP“ fenestration systems
. . Under development
- D | S ba | |Ot ' Sta rtl n g SOO n This Draft International Standard is in the enquiry phase with ISO

members.

— Publication of standard:
target date: 20.06.2027

7 IEA SHC Task 70 “Low Carbon, High Comfort Integrated Lighting”



BSDF Data Generation: ISO/CIE Standardization

Adaptively
sampled
BSDF

Gaussian
interpolants

Measurement Fitting

pabopto2bsdf

Physical

sample gonio-photometer

v
BSDF as Interpolation,
2D matrix rasterisation
bsdf2klems

Measurement-based | Microscopic systems

Image: gemini.gg)gle.com
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BSDF Data Generation: ISO/CIE Standardization

Material
model
Geometric ray-tracing BSDF as

model genBSDF 2D matrix

Simulation-based | Macroscopic Systems

9 IEA SHC Task 70 “Low Carbon, High Comfort Integrated Lighting”


http://www.hella.info/

BSDF Data Generation: ISO/CIE Standardization

Adaptively
sampled
BSDF

Gaussian
interpolants

Measurement Fitting

pabopto2bsdf

Physical

sample gonio-photometer

\ 4

Interpolation,
rasterisation

BSDF as
2D matrix

bsdf2klems

Material
model

ray-tracing BSDF as
2D matrix

Geometric

model genBSDF

Simulation-based | Macroscopic Systems

IEA SHC Task 70 “Low Carbon, High Comfort Integrated Lighting” SOLAR EATING & COOLING PROGEAHNE

IAL ENERGY AGENCY



BIM-based and user-centred lighting control

ADVANTAGES IN THE USE OF BIM CHALLENGES IN THE USE OF BIM
Question type: Multiple selection Question type: Ranking, Choice of max. 3
Efficient planning / 21% _ 15% Cost expenditure

product monitoring 28% 14%

Facility Management - 52% 19%

o
ﬁ

Gaps in the system flow

. i Not add bl
Manufacturing l 41% 23% REHESIESSREts Inadequate component
mapping
Planning l 43% 30% 6% Other 22% Insufficient qualified
i 0% personnel
Limitations in
Research & Development . 30% 43% m Quality assurance functionality

No demand

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
u Fully representable Partially representable Barely representable

Competitive relevance

A%

=1
aeI
)
ES
.

Missing interfaces

17%
M Not representable ® Not assessable Transparency / 27% _ o=
Coordination 26% )1 Time expenditure
40% 20% 0% . 0% 5% 10% 15% 20%  25%

m Manufacturing Planning W Manufacturing ™ Planning

Highlights — Identification of methods for more user-

. . centricity and greater energy efficiency.
— Solution concepts from two literature Y g &Yy y

reviews compared to market demands. — Necessary tools, interfaces, and systems

. : for more efficient building operation.
— Survey results on Building Information ! uiiding op !

Modelling and controls from 165 — Evaluation of the influence of interest
responses. groups on the design of building controls.

Hammes S, Geisler-Moroder D, Weninger J, Zech P, Pfluger R, Market demands vs. scientific realities: A comparative analysis in the context of BIM-based and user-centred lighting control, Developments in

the Built Environment, Volume 19, 2024, 100526, https://doi.org/10.1016/j.dibe.2024.100526. %
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https://doi.org/10.1016/j.dibe.2024.100526

From BIM to Digital Twin

BIM Model

af Fead & Write Model Data

Building Phycisist & Executing Company

BCS Modeling and Conriguration

Read & Write Model Data — I
—
Operator
Simulater Menitexring Dashboaxd

Peploy Code into Buwilding
(Auto-commission)

ECS

BIM Model —}
—'E siton

EIM Tool
b .
Plug-in
DSLs for Repository
Pre- —
configuration 4

Building Modeling

ﬁf: Read & Write Model Data

Building Designer

BEIM Madal Processor

BIM Model
Checker

——

Topology /20 Twinning
Wiring Plan Configuration

Read Building Data

Read Building Data &
Send BCS Commands

Middlaware

Read Data & Send Commands

A

Building

____________________________

Zech P, Hammes S, Goldin E, Geisler-Moroder D, Breu R, Pfluger R, From BIM to Digital Twin: A transformation
process through advanced control modeling and automated commissioning using daylight and artificial lighting as
examples, Energy & Buildings 329, 115184, 2025. https://doi.org/10.1016/j.enbuild.2024.115184

IEA SHC Task 70 “Low Carbon, High Comfort Integrated Lighting”

Highlights

— Graphical DSL for building control system
preconfiguration in the BIM planning
process.

— Simulation-based assessment of building
control systems.

— Auto-commissioning of building control
systems from BIM models.

— Auto-commissioning of an IT infrastructure
for digital twinning for data-driven
simulation.

" Monitoring Vi =\
“‘ InfluxDB
(/4 KNX /®

A IP/KNX | _—

1P Gateway @
9
REST IS
)]
[\ =
n <« REST—>o—={« REST —Matler—> - —
CI.EEB . -4 \i:;“\\ \l
wireless &
RevitDSL  Middleware HomeAssistant ONVX ,@”‘
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Hyperspectral lighting simulations in Radiance

Highlights

— C++ class hierarchy

— pyradiance & frads
Python interfaces

Hyperspectral

frads

Rendering In I T

— Hyperspectral rendering capability

Radiance - [ [ |

pyradiance pywincalc epmodel

Greg Ward, Anyhere Software l [

Radiance Wincalc Engine

|

pyenergyplus

EnergyPlus

Ward G, Ward T, Hyperspectral Rendering in Radiance, 22nd Int. Radiance Workshop, Salt Lake City,
Utah, August 26-28, 2024, https://www.radiance-online.org/community/workshops/2024-salt-lake-
city-presentations-1/M01 HyperSpecRadTutorial.pdf
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https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
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https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf
https://www.radiance-online.org/community/workshops/2024-salt-lake-city-presentations-1/M01_HyperSpecRadTutorial.pdf

Reference Rooms for Integrative Lighting Simulations
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Virtual reality in lighting design ~ Virtual reality as promising
tool for lighting designers
Whatisyourcurenteue of prefssionexparionce? What In your cirmant laval of profeesional axperience with VIIART but ra re|y adopted_

Highlights

Muore than
4 years

Less than
1 year

— Accuracy of light

7 s — Virtual Reality for lighting: distribution in virtual
status in academia vs. reality expected by
professionals' use. professionals.
— International survey to — Simple, intuitive, and open-
" b investigate the views of source virtual reality tools
. 2. Deopgic 2 s V. s i oot s 2 5 e o o s i VAR professionals. required.

difference in the number of answers in the two graphs iz due to the fact that 9 people learnt or acknowledged VR but did not use VR in practice.

User Engagement with VR Experience Aspects

Which VH applicatiansiocts da yau use
most frequently in your practice? How have you learned to use VR in your practice?
[#Ans: 7O} [FAns: 53)

16| EE Photometric accuracy
[T Aesthetical quali
14| EEE Plausible light

Number of users
2]

4
Flg. 3. a) Uszed VR tools and b) how VR was learned.
2
Scorpio M, Bladowski A, Geisler-Moroder D, Martyniuk-Peczek J, Sibilio S, Pfluger
R, Sokot N, Virtual reality in lighting design: Insights from academia and an 0 - > 3 . 5 -
international survey among professionals, Journal of Building Engineering 102, Strongly disagree Rate Strongly agree

112036, 2025. https://doi.org/10.1016/j.jobe.2025.112036

Fig. 7. Comparison among the quality of light simulation in VR scenarios considered significant by users.
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https://doi.org/10.1016/j.jobe.2025.112036

Integrated lighting solutions
and controls: Market and
literature state-of-the-art

T70.C.1/2 — A Technical
Report of Subtask C

g

IEA SHC TASK 70 | EBC Annex 90: LOW CARBON, HIGH COMFORT
INTEGRATED LIGHTING

Technology Collaboration Programme
tyiea

IEA SHC Task 70 “Low Carbon, High Comfort Integrated Lighting”

BIM — continuous workflow for
integrated lighting solutions and
underlying data

T70.C.3 - A Technical
Report of Subtask C

1EA SHC TASK 70 | EBC Annex 90: LOW CARBON, HIGH COMFORT
INTEGRATED LIGHTING

Technology Collaboration Programme
by1ea

Available soon at:

https://task70.iea-shc.org/publications

Simulation Tools for Low
Carbon, Hight Comfort
Integrated Lighting

T70.C.4.1 - A Technical
Report of Subtask C

=

C4 - VR technologies
potential in
(day)lighting design
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