Faculty of Geosciences
Department Energy and Resources
Copernicus Institute

Y
N

Universiteit Utrecht

The Electric Mondrian™ Toolbox Concept -
A Luminescent Solar Concentrator Design Study

Wilfried G.J.H.M. van Sark!, Panagiotis Moraitis?

Utrecht University, Copernicus institute of Sustainable Development, Heidelberglaan 2, 3584 CS, Utrecht, The Netherlands
IE: w.g.j.h.m.vansark@uu.nl, 2E: p.moraitis@uu.nl

Introduction Inspiration Infrastructure integrated PV
« Increased interest for building integrated « Dutch artist Piet Mondriaan (Mondrian) examples
photovoltaics (BIPV) « Colorful rectangles/squares . Bus shelter noise barriers
- Victory Boogie Woogie ' ENI Heijmans, f‘c

« Aesthetics, freedom of form and color

_ (Gemeentemuseum The Hague)
 Luminescent solar concentrators are good BIPV _

candidate

P ,

« Some examples already exist of infrastructure
integrated PV (IIPV)

Project "Electric Mondrian” Experimental performance Toolbox results

Aim: « Qverall EfﬁCiency ~ 1% (Series COnneCtion, | Thickness Comparison 145 x 145 mm 7 mm

. Realize ~1 m? size LSC window inspired by cabling losses) o %?22
Mondrian design that generates power in « Individual plate efficiency higher < ¢ . .
sun/daylight 10 hours in light (close to window) charges 15 ., R *

 Use commercial components battery for charging 3 smart phones :é s .

« Interdisciplinary project (mechanical « Most efficient: red, small plate ”“33)1-0- : parameter efficiency
engineering, electrical engineering, business) < ¢ concentration 4@ @
with students of University of Applied parameter efficiency 00 . % %
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« 5 0f 15x15 cm? -.- = I.-T Calcul tor d
. 9 of 15x30 cm? T = ] - "”l | alculations for demo
« 1 of 15x45 cm? I > 500 | 1000 | 1500 effICIency Pt%‘;:vaer
« 1 of 30x30 cm? BDB area (cm?) mWwW
» 1 of 30x45 cm? 1 15x15 900 900
° 100 tabbed 180/0 Si Solar Ce”S Of 145X5 mmz ......................................................................................................................... 2 15X30 1.6 1440 2880
total cell area 0.0725 m2 (7%) Orange 1 15x15 1.7 765 765
e Cables and ducts 1 15x30 1.3 1170 1170
« Charger with Li-ion battery ToolboX 1 Lo I ESoUR NS00
(3.7 V. 6150 mAh, 22 Wh) Green 3 15x30 1.1 990 2970
2 l.JSB, connection’s (5V, 0 ,5 A) * S different colors: ! 304> 2-1 279 279
" « 4 different shades (concentration): e 3 Eﬁg 8'2 Z%g 1247400
5 ;;igizz-rency 20, 40, 60, 80% 1 15x30 0.2 180 180
) - 1 30x30 0.1 180 180
: 15x15,I 30x30, and 45x45 cm? 60«\‘3 Total 17 13005
. rectangles: . ’
15x30, 15x45, and 30x45 cm? Design issues
: - Plate thickness: 3, 4,5, 6, 7, 8 mm  Mixed series-parallel connection to match plate

L:"i?:é?elsécent Solar Concentrator « Total 720 possible elements for design use currents

P P « Same size and color: series

« Luminophores absorb photons and emit red-shifted Simulations  Complex cabling, extra losses
photons . ] . _ » MPP tracker per string

« Total internal reflection causes % of emitted photons to _R?A\yb stg?*gii sémgllifs?sri.oEV-II‘-;?:ICeect(iEir;ev”e)nts « DC/DC upconverter to USB standard and
remain in light guide ' ! battery

» Solar cells attached to sides, ideally with band gap ] gtlantésiggailnapn;tlziﬁ of photon databases
matched to emission wavelength (high efficiency) Estimate: 13 W for 0.81 m? aperture (1.6%) only

incident photons m if above issues are properly addressed
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15x30 248 Conclusion

escaping photons « Electric Mondrian™ realized and operational
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