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DIVISIONS

Flexible planning and consulting teams for best
solutions.

Day & artificial lighting design
Competition support

Model construction & simulation
Material- and colour consultation

Secured solution quality

From the concept to the realisation
Special and complex lighting
applications Neutral and independent
from the industry

Latest state of research

One point of contact

Lighting control and Service

Light impact research on beings
Product development for daylight &
artificial light

Energy performance analysis
Optical design

Photometry

Academic symposia
Seminare und Workshops
Light experience worls



Human beings S
of light. Light shapes our daily
rhythm, it influences our
moods

and our ability to perform. The
effect light has on people is
one

of the core issues at
Bartenbach.




Daylight requirements
relevant — and concurring — criteria

Visual §
- Daylight - Level: guiding daylight into buildings =
« Daylight - Distribution: homogeneous room distribution 1— =
= I | ™ I
- Glare protection: ensure visual comfort =

« View to outside: relation towards outside

Energy
« Overheating avoid during cooling periods in summer
« Solar gains use to reduce heating loads in winter

Non-visual
« Perception and Mood: attention, concentration, memory
« Circadian Rhythm: hormone, heart rate, body temperature

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Daylight requirements
relevant — and concurring — criteria

Visual

« Daylight - Level: guiding daylight into buildings

« Daylight - Distribution: homogeneous room distribution

- Glare protection: ensure visual comfort

 View to outside: relation towards outside

Energy
« Overheating avoid during cooling periods in summer

« Solar gains use to reduce heating loads in winter ) Q

N
N
N
J\’
N
N
N
N
N
N
N

Non-visual

« Perception and Mood: attention, concentration, memory

« Circadian Rhythm: hormone, heart rate, body temperature
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Integral Facade control
Solar control vs. Daylight utilization

Without solar control: Using shading systems:
* Visual discomfort « Glare protection
* Thermal stress * Reducing solar gains
+ High cooling loads  High artificial light loads

) )

\ 5-8W/m? /

T>26° ¥ T<26° ©
L > 5000 cd/m? E

800 W/m?
800 W/m?

L <3000 cd/m?

LLLLLLLLL ol
[ O S

o
E > 500 Ix

/

E > 500 Ix

/

Mkl ninnn

400 W/m? \T /
100 W/m? \T /
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Motivation

</,, ReATING [ Coo tuna 2

DAY LI quY ?

Elecrric UGguTINe?

ComvoRT 2

A
\




Motivation

< ' DIALUX

made by DIAL.

ey RADSITE | radince
fw "N
RELUSY s hE—

lighting software

light simulation tools TRNSYS17 by Lighting Analysts
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Vision

Specific energy need per month

H Lighting
Heating

e Cooling

Continous daylight autonomy [%]

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



DALEC Online Tool
Day- and Artificial Light with Energy Calculation

FFG Research Project

DALEC o

Building Energy under Control

www.dalec.net T

Konfiguration Ergebnisse

MP3

Flache MA2 Enlix]
Fltiche MAt
Bartenbach
ustria

Eulix] Enlid
Eufix] Enfix)
Eufix] Enlix}

INNSBRUCK-FLUGHAFEN -

Sommerzeit

B universitat
Innsbruck

Haufigkeit der Uberhitzung [%] @ Jahriicher Energiebedarf KWh/(m*a)

100 4 30

Ml ZUMTOBEL

Abmessungen & Nutzung

Bauphysik

Fassade

Kunstlicht
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http://www.dalec.net/

Concept

exterior illuminance [Ix]

Irradiation [W]

Facade setting (Facade)
acade

Interior daylight
level [IX]

Radiation [W] &
Exterior temperature

Switching-/

dimming mode solar gain [W]

artificial light demand [W]

Energy demand:
heating + cooling + lighting [W]

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Concept

exterior illuminance [IX] location &

climate data

Irradiation [W]

Facade setting (Facade)
acade

Interior daylight
level [IX]

Radiation [W] &
Exterior temperature

Switching-/

dimming mode solar gain [W]

artificial light demand [W]

Energy demand:
heating + cooling + lighting [W]

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Location & Climate data

DALEC Calculations

based on:

 IWEC2

« TMY3 and

« CWEC

weather data for

« > 3100 Locations worldwide . | i

Hour of Day

LR ek

IEA SHC Solar Academy , 18.09.2019
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Concept

exterior illuminance [Ix]

daylight module

Irradiation [W]
(Facade)

Facade setting

Interior daylight
level [IX]

Radiation [W] &
Exterior temperature

Switching-/

dimming mode solar gain [W]

artificial light demand [W]

Energy demand:
heating + cooling + lighting [W]

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Daylight module

Daylight calulation: based on 3-phase method -

A
R
< )
- division of flux transfer into 3 stages 45
 time consuming simulations during
pre-calculation
« fast calculation for single sky
o . Sky Facade
distributions _ Fac"tﬂ‘de' _
Facade system Room

» factors stored in database

result view matrix BSDF daylight matrix sky distribution

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Daylight module

Validation

[lluminance [Ix]

2000 ¢

1800

DALEC

Measurement [

1600

1400

= =
o N
o o
o o

AR TICVN

800

600

400

200

ot
00:00

Overcast sky
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Daylight module

Validation

Illuminance [Ix]

4500 ¢

4000

3500

3000

2500

2000

1500

1000

500

ot
00:00

DALEC

""" Measurement

]

censk

S

Clear sky
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Concept

exterior illuminance [Ix]

Irradiation [W]
(Facade)

Facade setting

Interior daylight
level [IX]

Radiation [W] &
Exterior temperature

Switching-/

dimming mode solar gain [W]

artificial light
module

artificial light demand [W]

Energy demand:
heating + cooling + lighting [W]

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Artificial light module

Lumen efficiency method for
* number of luminaires
 resulting average illuminance

Database with precalculated
factors for normalized lumen output

____________________

Available light intensity

distributions

Direct

wide beam

180°

150°_—1 T—150°

Indirect

wide beam
150 1 ,§0: T 1‘50"

90°—300—200—100

60"

30° o [ 30°

150° .
7/ (.) | 7/ | 11/
1 oo ool -

diffuse

180
—T

9o°90"’ 750500

30°

narrow beam

180°
E 5o

120"

250 . ‘~ ‘. }90"

| .. ¢ 30°
o
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Concept

exterior illuminance [Ix]

Irradiation [W]

Facade setting (Facade)
acade

Interior daylight
level [IX]

Radiation [W] &
Exterior temperature

Switching-/

dimming mode solar gain [W]

thermal
module

artificial light demand [W]

Energy demand:
heating + cooling + lighting [W]
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Thermal module

Energy balance

¢HC,rld

Dynamic thermal model

\
Y
\
Y

T ’ (T)}?‘purtjfudf
« ENISO 13790
Input from qbfﬂé
» default values focation & Dt~ e
T e L e T—
I capacity
|npUt "_ $sol
i Input from
« weather data "n gy & Qccupant HVAC internal gains
e e s . . o ( , PC,
« artificial light (internal gains) etc.)
» solar heat gain (through facade)
Output -
. . H— .r&\
« energy demand for heating and cooling -
ventilation solar
* Interior temperatures, overheating frequency -losses . gains
tfransmission-
losses

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Thermal module

Facade calculation

Thermal characterisation of the facade system R g
« angular dependency known for glazings
« unkown for daylight systems - cannot be neglected 1
—_ | I < _ | l
| | l |
~— | | ~ | | reflected
- I I | | transmitted

SN—r’
Database:

« angular dependent SHGC (145 Klems directions)

Input:
« SHGC of glazing at normal incidence

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Concept

exterior illuminance [Ix]

Irradiation [W]

Facade setting (Facade)
acade

Interior daylight
level [IX]

Radiation [W] &

occupant & Exterior temperature

control module
Switching-/

dimming mode solar gain [W]

artificial light demand [W]

Energy demand:
heating + cooling + lighting [W]

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Occupant & Control Module

Thermal control:
« radiation limit at facade (outside)
* Interior temperature

DALEC controls mimicking occupants:
 luminance threshold at facade (inside)
* Interior temperature

—> facade setting

—> heating / cooling /
night ventilation

—> facade setting
- window ventilation

259 Wim? (164 + 95)

Combined thermal and lighting simulation of envelope systems through a fast pre-design software

IEA SHC Solar Academy , 18.09.2019



Comparative simulation study

Reference office

IEA SHC Task 56 @ﬁh TASK 56

Building Integrated Solar Envelope
Systems for HVAC and Lighting

IEA SHC T56 - System
 Definition of reference office building Simulation Models

« Comparison of different building simulation tools

Part A General Aspects
Part B Residential Buildings
Part C Office Buildings

IEA SHC TASK 56 | Building Integrated Solar Envelope Systems

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



DALEC vs. TRNSYS

CTASK 56

IEA SHC T56 - System
Simulation Models

g

__ = >
DALEC %
Building Energy under Control TRNSYS17

Matteo D’Antoni

eurac
research

David Geisler-Moroder

Bartenbach

research & development
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IEA SHC Solar Academy , 18.09.2019



DALEC vs. TRNSYS

Annual energy balance

Stuttgart

Heating Cooling Lighting
mDALEC ®mTRNSYS

o
o
S

=
S
N
S
S
g
=,
)
c
c
S
0]
e
>
<)
S
@
c
L

| <

’ Matteo d‘Antoni

Ny’?
* e
rensysi7 @ EURAC

David Geisler-Moroder
@ Bartenbach
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DALEC vs. TRNSYS

Stuttgart Stuttgart - Heating
= 40.00 S 8.00
£ 35.00 £ 7.00
§ 30.00 < 6.00
= 25.00 2 5.00
T 20.00 = 4.00
g 15.00 g 3.00
2 10.00 £ 200
% 500 S 100 II
S 0.00 © 0.00 m_ - M-
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* e
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David Geisler-Moroder
@ Bartenbach
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DALEC vs. TRNSYS

Stockholm

Stockholm - Heating

= 4000 3 8.00

£ 35.00 £ 7.00

g 30.00 < 6.00

=, 25.00 2 5.00

T 20.00 = 4.00

g 15.00 S 3.00

£ 10.00 £ 2.00

& 5.00 2 1.00 ll I

S 0.00 ©0.00 -_— o
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DALEC vs. TRNSYS

Rome Rome - Heating

:240.00 ?8.00
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IEA SHC Task 56

Building Integrated Solar Envelope Systems for HVAC and Lighting
Paper BS 2019, Roma:

C~NTASK 56
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« Comparison with other simulation tools ongoing 20.0

10.0

. ] . . . 0o ~aB=Hl | _ . .
Application for comparisons of the solutions for | 1 HIII Hllg

ROME

] HEE
4 ) [
] JHEE

Qheat Qcool Qinf Qvent Qtrans Qgint Qsol

] oL ;’5’:) BEP mTRN ®SIM _UIBK ®SIM_UNIBO mDAL =mMOD
Bartenbach M universitdt  * ((‘ X
v(o ‘9\&’"

research & development ’5 INNS b Fruc k [Companison of Simulation Results for an Office Building Between Different BES Tools — The
Challenge of Getting Rid of Modeller Influence and Identifving Reasons for Deviations

AT

envelope-integrated, solar facade 100

-20.0
-30.0
-40.0
-50.0

° @
®e ynive

Mara Magni’, Fabian Ochs', Paolo Bonato®, Matteo D" Antoni®, David Geisler-Moroder’, Sanmel de
Vries®, Roel Loonen*, Alessandro Maccarini®, Alireza Afshari®. Toni Calabrese!
1 University of Innsbruck, Unit for Energy Efficient Buildings, Innsbruck (Austria)
3 ’ i 2 Eurac Research, Institute for Renewable Energy. Bolzano (Ttaly
eurac . b T U e 3 Bartenbach GmbH. Aldrans (Ausria) e
I-e S ea rc h u n I z University ofTechnology 4 Eindhoven Ul]il’ersil‘j-‘ﬂfTthﬂﬂ]Dg}’._ Eindhoven {Thﬂ NEﬂ]E[]aﬂdS}
— 5 Aalborg University Copenhagen (Denmark)

Combined thermal and lighting simulation of envelope systems through a fast pre-design software IEA SHC Solar Academy , 18.09.2019



Acknowledgments

The Austrian participation in the IEA SHC Task 56 "Building Integrated Solar
Facades for Ventilation, Heating, Cooling, Air Conditioning and Lighting" is part of
the IEA research cooperation and is funded by the Federal Ministry of Transport,

Innovation and Technology

,BODYBUILD — Boosting Daylight Utilization in Buildings”
financed by the Federal Ministry of Austria for Digital and Economic Affairs,

managed by the
Austrian Research Promotion Agency FFG
Is gratefully acknowledged.
= Bundesministerium

e = Bundesministerium
Verkehr, Innovation ;’& Digitalisierung und

P SOLAR HEATING & COOLING PROGRAMME ’ H
und Technologie e Loloti ol ol i Wirtschaftsstandort




L —— kﬁ_k‘

—

o /:fv,é

%{EAAAAI ”jj@
iﬂﬂﬂﬁﬂﬂﬂﬂﬁﬁﬂﬂﬂ
%xBZZEZEEWWﬁﬁZZ

7

gz%*QVZﬁZﬁ i
ool ABAVALA VAUV
MGAEAT VAV 1/
MM




DALEC Online Tool
Live Demo!

FFG Research Project

DALEC N

Building Energy under Control Konfiguration

Ergebnisse

www.dalec.net

FB3
Lichtsteuerungsgruppe 1 (2m-RH)

FB2
(1-2m)
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