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SolarBEAT
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This presentation

» ZigZagSolar

» Solar resource assessment

» Lumiduct
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Aesthetic Angle of Incidence Modifier
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Where:
кk = Attenuation Modifier [-]
L = Length of the solar glass [m]
CF = Coverage Factorϴ𝑟 = Angle of refraction [º]
ρ = Proportion of non-transmitted light at standard 
conditions through the decorative element.
R: Color Reflection Loss [-]
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• A physical model to calculate the Angle of Incidence Modifier has been proposed by De Soto, et al [4]. The 
Aesthetic Loss is integrated into this coefficient through a new factor called “Attenuation Modifier”.

• In this model, refraction, reflection and transmittance are modelled through Snell’s and Bougher’s Laws.

ZigZagSolar

Stefan Koenders
Adam Bognar
Roel Loonen
Jan Hensen
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Why PV facades?
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ZigZagSolar
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ZigZagSolar

Source:
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Different reflector angles
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Results
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Case study
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Case study results
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Aesthetic Angle of Incidence Modifier
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Where:
кk = Attenuation Modifier [-]
L = Length of the solar glass [m]
CF = Coverage Factorϴ𝑟 = Angle of refraction [º]
ρ = Proportion of non-transmitted light at standard 
conditions through the decorative element.
R: Color Reflection Loss [-]
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• A physical model to calculate the Angle of Incidence Modifier has been proposed by De Soto, et al [4]. The 
Aesthetic Loss is integrated into this coefficient through a new factor called “Attenuation Modifier”.

• In this model, refraction, reflection and transmittance are modelled through Snell’s and Bougher’s Laws.

Solar resource assessment

Dmitry Surugin
Roel Loonen
Jan Hensen
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» Advanced systems (ZigZagSolar, colored PV, bi-facial, …

» Shaded environments

» Comparison with alternative technologies (wind, heat pumps, more insulation, …)

» kWh performance guarantees

» Zero energy bill houses

» Battery storage

22

Why kWh/Wp is not always enough?
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Typical meteorological years

The typical or reference year has to be characterized by: [1]

[1] Lund, Hans. 1995. The Design Reference Year Users Manual. Copenhagen, Denmark:
DTU Thermal Insulation Laboratory.

true frequencies
(i.e., the reference year should be a good approximation of the

mean values derived from a long period of measurements);

true sequences
(i.e., the weather situations must follow each other in a similar

manner to the recorded data);

true correlations
(i.e., the weather data are cross-correlated variables).
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Procedure for obtaining GHI-based year

EN ISO 15792-4

Solar Year
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NEN 5060 update



28

850

900

950

1000

1050

1100

1150

1986 1991 1996 2001 2006 2011 2016

GH
I (

kW
h/

m
2 )

De Bilt

Annual GHI NEN-5060 currently used NEN-5060 update 2018

850

900

950

1000

1050

1100

1150

1986 1991 1996 2001 2006 2011 2016

GH
I (

kW
h/

m
2 )

De Bilt

Annual GHI NEN-5060 currently used NEN-5060 update 2018

850

900

950

1000

1050

1100

1150

1986 1991 1996 2001 2006 2011 2016

GH
I (

kW
h/

m
2 )

De Bilt

Annual GHI NEN-5060 currently used NEN-5060 update 2018



29

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

850 900 950 1000 1050 1100 1150

CDF of GHI (De Bilt: combined) 

1986 to 2005 1996 to 2015 2002 to 2016



30 Department of the Built Environment

Aesthetic Angle of Incidence Modifier
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Where:
кk = Attenuation Modifier [-]
L = Length of the solar glass [m]
CF = Coverage Factorϴ𝑟 = Angle of refraction [º]
ρ = Proportion of non-transmitted light at standard 
conditions through the decorative element.
R: Color Reflection Loss [-]
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• A physical model to calculate the Angle of Incidence Modifier has been proposed by De Soto, et al [4]. The 
Aesthetic Loss is integrated into this coefficient through a new factor called “Attenuation Modifier”.

• In this model, refraction, reflection and transmittance are modelled through Snell’s and Bougher’s Laws.

Lumiduct

Teun van Oirschot
Hemshikha Saini
Antía Varela-Souto
Roel Loonen
Jan Hensen



Lumiduct

NRC

Experimental & computational 
study on visual & thermal 
performance
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Concentrating PV
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Introduction
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Concentrating PV
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video:www.wellsun.nl
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Introduction

• Are glazed PV facades possible?

Wellsun develops the Lumiduct system
• Building Integrated Concentrator Photovoltaic (BICPV) 

system
• Double skin-façade with concentrator PV modules
• Track the position of the sun
• Solar shading device
• Heat generation

Wellsun
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Introduction

Full-scale pilot-project at Mondial Movers (Alblasserdam)
• Allows measurements of visual/thermal performance
• Neighbours as reference case

Wellsun



CPV
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• Location: Amsterdam, the Netherlands 
• Façade orientation: Vertical, southward facing (0°,180°) 
• Transmission outer façade, To = 0.90 
• Coupon efficiency, ɳ = 0.30 

CPV
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Method: Measurements visual performance

Horizontal illuminance:
- Hagner detector illuminance photo-sensor 
- Amplifiers Hagner

Lux 
meter

HDR 
camera

Analysis of glare:
- HDR camera
- Evalglare tool

N

Mondial Movers + LumiductNeighbours reference
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Method: Measurements thermal performance

Air and surface temperature:
- NTC thermistors

Airflow behaviour in cavity:
- Air velocity measurements with Windsonic
- Smoke tubes

Temperature sensor

Air velocity meter

Heat flux meter

Heat tranfser:
- Hukseflux heat flux plate
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Measurement results: visual comfort
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Daylight level: Comparison all datapoints
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Model calibration
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Results
• 4th June-10th June 



thank you


