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Complex Fenestration Systems for Low Carbon Buildings
CFS4LowCarb

— Integrated daylighting and shading
technologies in complex fenestration
systems

— Comprehensive utilization technologies
and analysis integrated with solar energy

result view matrix BSDF daylight matrix annual sky matrix

— Evaluation of key daylighting/ shading and
photovoltaic/thermal technologies

https://www.uibk.ac.at/en/energy-efficient-
building/research/projects/cfs4lowcarb/
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Comparison of Simulation Tools
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Comparison of Simulation Tools

— Simulation tools feature matrix (26 tools)
— Simulation tools summary document

— Reference rooms (simulation exercise)

User-defined control strategies for daylight
system

User-defined integrated control strategies for
electric and daylight systems

Calculation of annual electricity consumption

VISUAL & NON-VISUAL EFFECTS

Reduced spectral simulations (3 channels)

Reduced spectral simulations (4-10 channsls)

Full spectral simulations

Spectral models for electric lighting

Spectral sky models

Evaluation of o-opic iradiance

Evaluation of «-opic ELR

Evaluation of «-opic DER

auplies o Software Evaluation of c-opic EDI
+ = yes, o = partly, blank= no Calculation of circadian stimulus C5
o = ! - . - .
E g o % % E g . - 5 . E s g H " . g E 2 2 x e E E Electric lighting glare calculations (UGR, VCP, __)
| & = F, = g in = = . -
g || == £ ] 2 i‘ =& |28 |8 |¢& H E w | 3 8| g E| 5 |E b z | 3|Daylignt glare calculations (DGP, DG, ...)
I 1 w [=] [
e 2| calculation of light dose from electric lighting
SOFTWARE SUNTED FOR - - -
Lighling desgners ' . s : ' B @ f + o v 4 0 v [ + ' . a of Calculation of IH_]hl; dose from I:Iayfllg ht
Archibecis + * 0 + * + + * * ¥ * * 0 * + 1] + * +*
|Elecimic enginasers. = o - o * o + - + * + a o + + o Occupant modelling beyond standard schedules
HVAL engneers o + # + + + # + + + - + +
Duilding enginsersplannes ‘ o i . : 0 : a 0 ) : : o : . : ‘ o| Evaluation of view ouf: access to view
Res AT S + + o = * - n * + a = + + + * o + + + o + * . - .
Evaluation of view out: content of the view
e Evaluation of view out: clarity of the view
Surled for BED + * o + + o a + (=] + + + [=] + + + [=] + +
Sulled for earty design ¥ ¥ # + ¥ * . . * * * . o + 0 ¥ . ' . o ' : ' '
Suhad tor :Im'.n:ﬁ.'jq;r_ln + + - + + * + - + + + * + - + - + + o + * LIFE—CYELE MSESSMENT
[ELECTRIC LIGHTING. LCA for electric lighting installation
s vl e + * + + + . + * + + + - 4 + + v *
Lumiranca vallias . - - - + - - - - - o + + - +|LCA for daylighting / shading / facade systems
Calodaton of comnecled wattage o () - +* -+ + + * +* + + + 1] + + +
Caliuation of annual eledricty consarplion 0 ] ' i i i ' i o i ] i LCA for integrated lighting solution
mpart of uminakes (ES Eulurdst e | + * - + <] + * * + + + + + - + - + + + e
Daka base of lumraies - - a + - + * - ™ a " = Built-in LCA methodology

M universitat
iInnsbruck

David Geisler-Moroder | ISEC 2026 | 14 - 16 April 2026 | Graz, Austria

Import [ export links to LCA software

LCA database included

Links to extemal LCA database




Reference Rooms

1. Reference Office

Group office building at University of Innsbruck,
Living Lab 518

2. Reference Hall

Reference factory hall according to Technical
Report CEN/TR 15193-2
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Reference Office

Building

—  Location: Innsbruck, Austria, 47° N, 11° E
https://maps.app.g00.gl/tTSLDgKHeKrPP16Y7

—  Climate: AUT Innsbruck.111200 IWEC.epw
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Reference Office

Geometry

5.55m x 4.86 m x 2.69 m sidelit office with two
windows (2.34 mx 1.66 mand 1.39m x 1.66 m)

3D model (3dm file)

Facade orientation: West (270.8°)

Shading lines: far and near shading specified as

|
elevation angle per azimuth angle (txt file) laF

]
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Reference Office

Materials

— most opague materials measured with a
handheld spectrometer (Gretag MacBeth
Spectrolino) in the Living Lab office

— spectral data for “Facade” and “Exterior
ground” selected from the Spectral Materials
Database?

— transparent materials generated using LBNL's
Optics? software based on spectral data from
the IGDB3

1. https://spectraldb.com/
2. https://windows.lbl.gov/optics-downloads
3. https://windows.lbl.gov/igdb-downloads

Door White 2566% | BB A% 81.73% 110 _ofhice_door.csv
{door)

ie.
Desks Wood 63.58% | 64 98% 23.85% T70 _office_desk csv
(desks) 3

i)
Desk legs Aluminum 30.78% | 30.78% 20.62% T70_office_desk_legs.csv

SR

(desk_legs) n

i
Chairs Black 2 60% 2.60% 26i% T70_office_chairs csv
{chairs)
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WG

MEHA ALS LICHT

Refe re n Ce Offi Ce 402 DLM-RV+ LBB 2T16-35E LV POS. 110406M [ EVG DIM DALI

Luminaires

LIDC modeled from datasheet

—  spectral data for 840 fluorescent lamp

?:mmn --l-:-n

Fersrmeinme Tepipmmend T-Pares, Fila Misgiam
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. .
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Shading Layer Library Lol Ehads Wiateial

T - CRE AN Thzsam WEDD
ID#: 23020 [H T p -
N == | dava il Ml e Lo
Marme: Lamelle_Bauinggeb_+00 et yemt M | frmmom e okne 2 vaia
Copy Product Mame: Lres ardatan L
.
Tiededs
Delete Manufacturer:
Type: Wenetian blind. harizontal & =
ype: ‘enetian blind. horizontal e 0 T TR L LU
. . Soim
M aterial: 40021 Slat Metal_Bavinggeh & Teare. P, [Todl @22

T, fack (220
Fadbat, Pt (Awdil 022

Permeability Factor 0,980 lipetsda 13 6 Aukoad BukFvdil  0:

Trwes, Frond [T vk

Window system e

P o
Fefect Pt FvklE - Am
—

i

—  Closed cavity windows (internal triple pane ® e 1 b ra o
thermal insulation glazing, venetian blinds in ==l - e
the cavity; external single-pane glass) = 0 i -

— Modeled in WINDOW S

— Assumed spectrally neutral (p, = 0.7) e < BN b

— Data provided for glazing only and
combination in 5° tilt angle steps

— 2D-SHGC (angular data: SHGC, t and a per layer)
—  BSDF (XML)

£
£
4
g
i
£
=
B
5

- CSV (plain BSDF data)

Liwmivin b i
PO Ly
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Reference Office

Control

— Shading:
if global vertical irradiance > 120 W/m2, blinds are fully
lowered in almost closed position (75° tilt angle; both
windows simultaneously)

—  Electric lighting:
daylight dependent control (combined PIR occupancy and
look-down brightness sensor centered on ceiling), light is
dimmed to an average of 500 lux at the two workplaces as
well as the side table (third desk), maintenance factor 0.8

— Manual intervention:
possible via a button next to the door for both the
shading system (up/down and tilting) as well as the
luminaires (on/off, dimming), but not included in the
specification of the reference office setup
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Reference Factory Hall

Building

Geometry

m wm p @l p p @ g
[ - - ]
| - -

Location: Stuttgart, Germany EE T i KR

2600

Climate: DEU_Stuttgart.107380 IWEC.epw

a.00

28mx28mx5m
3D model (3dm file)
Rooflight orientation: North

No external shading
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Reference Factory Hall

Materials

— Color neutral opague materials matching the
specified reflectances selected from the
Spectral Materials Database?

— transparent materials generated using LBNL's
Optics? software based on spectral data
from the IGDB?

1. https://spectraldb.com/
2. https://windows.lbl.gov/optics-downloads
3. https://windows.lbl.gov/igdb-downloads

Geometry Color V(a) M(2) Spectral data

{layer name) reflectance | reflectance

Walls MNeutral, 45.83% 46.30% 00552 spectral.csv / 00552 spectral scicsv
50% "°

(factory walls)

Ceiling MNeutral, 72.33% 69.03% 00995 spectral.csv / 00995 spectral scicsv
70% e

(factory ceiling)

Floor Neutral, 20.06% 19.10% 00002 spectral.csv / 00002 spectral sci.csv
20% e

(factory floor)
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CRAFT Il performancs M L ZUMTOBEL
CR2 M10k-840 PM WB LDO WH 42188062

R f F t H | | LED high-bay luminaire
e e re n C e a C O ry a LED high bay uminaire Luminaire input power. 539 W, induding LED converter, Siave luminare for DALL control (DAL onally),

housing made of axtra-rohust, daap-drawn sheat staal, powder coated in colour white. Cavar of diear palymathyl mathacniase (PM)
with hgh breakng strength and opbinused stress crack . eapacally tto ofs, alkaks, ammona and UV radaton
Chromateity tolaranca (initial MacAdam) 2 Lumnars luminous func 9500 Im, Luminaira efficacy” 182 Im/W Colour randening Ra >
80, colour temperature 4000 K. glare-free hghting: UGR < 22 (EN 12464 2011). Seabsd opacal kans system. Lerssa with diagonal
dome structure for mamum efficency Luminaire aith symmebic wide ight destribution (wide beam). Pre-assembled 2mlong 5 x 1
m® conmaction cabke for very high contruous lemperatures (hm?en-ﬁee. Mame-retardant). Vixaton resistant (EN 6055¢-
1:20151EC 60553-1.2017 Ed. 8.1). LED risk group RGD (IEC/EN 62471}, luminasre wired with hal free leads, silicons-free. Note:
plaasa contact your consuitant 4 you ara planning 10 156 in ambient Atmospheres with chamical h:g':high or condensad air humidity
or large semperature fluchations. Protecton dass: SC1; degree of protection: I266; ambient temperature: - 10°C %0 +65°C
Dimensions 540 x 470 x 77 mm Waight-4 9 kg

Luminaires

— CEN/TR 15193-2 specifies daylight e
dependent dimmable LED luminaire \ /

— Typical high-bay luminaire selected from
online catalogue

2% _CR2 F_CRAIT2 pecormance M 'AMipg

—  Spectrum of typical LED lamp with 4000 K r— _—
and Ra 85 (CIE LED lamp 03) e

1o

9
[ER: I

(=N 0

& 05
A

[
02 4
[

(=N

Waveengkh lnm) e e
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Reference Factory Hall

Rooflight

Double pane insulation glazing with
additional third diffusing pane on the

exterior

Modeled in WINDOW

diffusing pane adapted from CGDB entry ID
31002 and defined as diffusing material with
assumed spectrally neutral behavior

Provided data:
— BSDF (XML)

— CSV (plain BSDF data)

Shade Material
ID# 51010 Thickness:  6.000 mm

Mame: Diffusing shade material 60

Product Mame: Example

Manufacturer:  Generic

Conductivity 0,900  wWim¥

Solar

Trans, Front 0.600

Trans, Back (Tsol2): 0,600
Reflect., Front (Rsol1): 0,200
Reflect., Back (Rsol2): 0,200

Visible
Trans, Front (Twis): 0,600

Trans, Badk (Tvis2): 0,600
Reflect., Front (Rvis1): 0,200
Reflect., Back (Rvis2Z):  0.200

IR

Trans (Tir):  0.000
Emis., Front (Emis1)  0.840

Emis., Back (Emis2)  0.840

Calor: |:|

B ron-specular

Spectral data
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Reference Factory Hall

Control

—  Shading:

none (rooflight has no dynamic parts)

—  Electric lighting:
daylight dependent control (look-down brightness
sensor located between rooflight bands),
maintained illuminance is 500 lux, maintenance

factor 0.8

—  Working hours:
8 am to 5 pm, Monday through Friday, with no
shut down for holidays
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Reporting of Simulation Results

Results for reference case “office™:

Metric Reference case Context ABCDE
Daylight Factor DF min 1.11% 0.12%
(CIE overcast sky) DF mx 9.99% 8.88%
DF avg 5.55% 4.44%
% area with 33.3% 22.2%
Template for reporting of simulations atleast 2 DF
Daylight metrics sDAssm; 77.7% 33.3%
based on annual ASEynug250m 11.1% 2.22%
— General results
% area with T1.7% 55.5%
at least 50% UDloo300
— Author Fog-0meceforview 1 | 4.44% 1.11%
qumfﬂl’\fﬁ'wz 3.33% 2.22%
Circadian lighting mEDI 2222 Ix 33331
—  Software / hardware
Electric lighting Annual electricity use 111.1 kWh/yr 222.2 kWh/yr
Frur Alartrie hohtine
Comments e Context ABCDE 2345h
11.1 kWh /yr
J— Resu |tS {airr—airhee_xt pump)
— (no cooling)
44.4 kKWh [ yr
—  Daylight 1

— Electric lighting

— Circadian lighting

{ H 1
— (no cooling)

— HVAC electricity / energy use
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Example Results

Vg FEGER

B e B X ¢ X

26 years

Radiaiice

DALEC

Building Energy under Control
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Access to reports and reference model dataset

IEA SHC Task 70 / EBC Annex 90 Project Website
https://task70.iea-shc.org/

Task Publications

https://task70.iea-shc.org/publications &?n

SOLAR HEATING & COOLING FROGRAMME

Reference model dataset e
Geisler-Moroder, D., Maskarenj, M., Ward, G., '
Wang, T, Lee, E. S., & Altomonte, S. (2026). ~ - - |
Reference Models for Spectral Lighting and Daylight Low Carbon, High Comfort Integrated Lighting
Simulations (Original version of dataset uploaded to |
be referenced by data paper.). Zenodo.
https://doi.org/10.5281/zen0d0.18836177

I |} B T
; | .
|
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