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Research Project „Integrated Day- and Artificial Light“

(see talk from 2012 workshop…)

Motivation 1
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Motivation 2
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Motivation 2
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Vision

Evaluation of

• façade and

• electric lighting systems

in early design phases for 

• annual daylighting

• annual demand for electric lighting

• annual demand for heating and cooling

• visual and thermal user comfort

by means of a tool with

• simple input and

• short calculation times

• that can be handeled without strong expertise.
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Vision
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DALEC
Day- and Artificial Light with Energy Calculation

online concept evaluation tool for holistic lighting design 

David Geisler-Moroder

Matthias Werner

Bert Junghans

Oliver Ebert
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Location & Data Module

DALEC calculations are based
on

• IWEC2

• TMY3 and

• CWEC 

weather data sets for

• > 3100 sites worldwide

Data used:

• Location  daylight module

• Horizontal illuminance [lx] (diffuse, direct)  daylight module

• Irradiation [W/m²] (diffuse, beam)  occupant & control

• Outdoor temperature [°C]  thermal module
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Daylight Module

Daylight coefficient approach

• 1 factor for diffuse sky

• 145 sun factors (Tregenza / CIE 108-1994)

Time step evaluation

Emeasurement point = fD * Eh, diffuse + f‘S*Eh, direct

f‘D factor for diffuse sky

Eh,diffuse diffuse illuminance from weather data

f‘S sun factor for current sun position

Eh,direct direct illuminance from weather data

fD = Emeasurement point / Eh, exterior, diffuse sky

fiS = Emeasurement point / Eh, exterior, sun position i

for i = 1, … ,145
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Daylight Module

Factor calculation using the

3-phase-method

(thanks to G.W. and A.McN.!)

• division of flux transfer into 3 stages

• time consuming simulations during

pre-calculation

• fast calculation for single sky

distributions

• factors stored in database

* * *=

result view matrix BSDF daylight matrix sky distribution

stage 1: 

daylight matrix

sky → 

exterior of facade

stage 2: 

BSDF

f(θl,φl;θv,φv)

stage 3: 

view matrix

interior of facade

→ room

sky –

system

daylight-

system

system –

room
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Daylight Module



DALEC – Day- and Artificial Light with Energy Calculation David Geisler-Moroder, Bartenbach GmbH / 17.08.2015

Daylight Module
Validation

Comparison measurement vs. DALEC simulation

• Monitoring in course of research project „Integrated Day- and Artificial Light“

• Illuminance calculation with DALEC based on measured exterior levels
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cloudy sky
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Daylight Module
Validation
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DALEC

Measurement

Comparison measurement vs. DALEC simulation

• Monitoring in course of research project „Integrated Day- and Artificial Light“

• Illuminance calculation with DALEC based on measured exterior levels

clear sky
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Artificial Light Module

Lumen efficiency method for

• number of luminaires

• resulting average illuminance

Database with precalculated
factors for

• normalized lumen output

Input

• required illuminance

• flux and power per luminaire

• maintenance factor

• direct light ratio

• lamp dimming characeristic

• switching mode

Available light intensity

distributions

Direct

wide beam diffuse narrow beam

Indirect

wide beam diffuse
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Artificial Light Module
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Measurement areas (for daylight and artificial light) 

and luminaire positions
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Artificial Light Module
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Thermal Module

transmission

losses

solar

gains

internal gains

(lighting, PC, etc.)

ventilation

losses

HVAC

capacity
Dynamic building model

• EN ISO 13790

• default values

Input:

• weather data

• artificial light (internal gains)

• solar heat gain (through facade)

Output:

• energy demand for heating

and cooling

• interior temperatures

• overheating frequency
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Thermal Module

Thermal characterisation of the facade system

• angular dependency known for glazings

• unkown for daylight systems  cannot be neglected

Database:

• angular dependent SHGC (145 Klems directions)

Input:

• SHGC of glazing at normal incidence
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Occupant & Control Module

Thermal control:

• radiation limit at façade (outside)  façade setting

• interior temperature  heating / cooling / night ventilation

DALEC controls mimicking occupants:

• luminance threshold at façade (inside)  façade setting

• interior temperature  window ventilation
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DALEC Excel Prototype
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DALEC Online Tool
www.dalec.net

http://www.dalec.net/
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DALEC Online Tool

Geometry

Inputs

Facade (3 areas):

• opaque

• glazing

• glazing + 

• screens

(int./ext., diffuse/clear)

• venetian blinds

(fix 0°/45°, cut-off)

• redirection blinds

(fix 0°, cut-off, retro)

Artificial light:

• required illuminance

• luminaire properties

• lamp properties

• switching mode

Building physics

• building standard

• old, new, passive house, 

own

• heating / cooling

• ventilation

• internal loads
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DALEC Online Tool

Annual results

Outputs



DALEC – Day- and Artificial Light with Energy Calculation David Geisler-Moroder, Bartenbach GmbH / 17.08.2015

DALEC Online Tool

Monthly results

Outputs
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DALEC Online Tool

Hourly results

Outputs
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DALEC Online Tool

Tool for holistic design in early planning phases

• evaluation of annual daylighting, demand
for artificial light, heating and cooling

• worldwide sites, arbitrary orientations

• coupled light and thermal simulation

• evaluation of comfort criteria

• easy to use even without deep expertise

• low input effort

• short calculation times

• online @ www.dalec.net

• free to use $ € £ ¥

http://www.dalec.net/
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Live Demo

www.dalec.net

Example: South-oriented room 8m x 7m x 3.2m

1. Philadelphia, Clear Glazing

2. Philadelphia, Glazing + interior screen

3. Philadelphia, Glazing + exterior venetian blinds

4. Philadelphia, Glazing + redirecting blinds in closed cavity facade

http://www.dalec.net/
http://dalec.uibk.ac.at/#/project/d2920d9b70f242e9a65a3ded85402ca8
http://dalec.uibk.ac.at/#/project/a79288ae752f41ed9c06f31f1dc12c44
http://dalec.uibk.ac.at/#/project/757085e2d37d4a56bce6bb3bcf092d28
http://dalec.uibk.ac.at/#/project/1054d507305246b7b3c43c8c9778aadf
http://www.dalec.net/
http://www.dalec.net/
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Example Calculation

Philadelphia, Clear Glazing

http://dalec.uibk.ac.at/#/project/d2920d9b70f242e9a65a3ded85402ca8
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Example Calculation

Philadelphia, Glazing + diffuse interior screen

http://dalec.uibk.ac.at/#/project/a79288ae752f41ed9c06f31f1dc12c44
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Example Calculation

Philadelphia, Glazing + exterior
venetian blinds

http://dalec.uibk.ac.at/#/project/757085e2d37d4a56bce6bb3bcf092d28
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Example Calculation

Philadelphia, Glazing + redirecting blinds in 
closed cavity facade

http://dalec.uibk.ac.at/#/project/1054d507305246b7b3c43c8c9778aadf
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Comparison

Philadelphia, Clear Glazing

Philadelphia, Glazing + exterior
venetian blinds

Philadelphia, Glazing + diffuse interior screen

Philadelphia, Glazing + redirecting blinds in 
closed cavity facade

http://dalec.uibk.ac.at/#/project/d2920d9b70f242e9a65a3ded85402ca8
http://dalec.uibk.ac.at/#/project/757085e2d37d4a56bce6bb3bcf092d28
http://dalec.uibk.ac.at/#/project/a79288ae752f41ed9c06f31f1dc12c44
http://dalec.uibk.ac.at/#/project/1054d507305246b7b3c43c8c9778aadf
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DALEC – next steps

• Improvement of the calculation method and practicability

• room by room evaluation  whole buildings 

• halls (industry, sports, …)

• additional electric lighting controls (e.g. maintenance control) 

• data interfaces for weather data, daylighting and artificial lighting systems 
(BSDFs, IES/LDT)

• Comfort criteria

• evaluation scheme for visual and thermal comfort (DGP, PMV, …)

• “quality traffic lights”

• Extended evaluations

• design comparisons

• “optimizer” function

• Improvement of user interface based on user feedback

• Further validation against advanced scientific simulation methods
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Q&A

Thank you for your attention!

Any questions?

www.dalec.net

David Geisler-Moroder
Bartenbach GmbH

David.Geisler-Moroder@bartenbach.com
www.bartenbach.com

http://www.dalec.net/
mailto:David.Geisler-Moroder@bartenbach.com
http://www.bartenbach.com/

