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Daylight performance of a microstructured prismatic
window film in deep open plan offices

Andrew McNeil, Eleanor S. LéeJacob C. Jonsson

Building Technologies and Urban Systems Division, Energy Technologies Area, Lawrence Berkel ey
National Laboratory, Mailstop 90-3111, 1 Cyclotron Road, Berkeley, CA 94720 USA

Abstract

Daylight redirecting systems with vertical windohasve the potential to offset lighting energy usdéep
perimeter zones. A microstructured prismatic filesigned for such use was characterized using
goniophotometric measurements and ray tracing sitioms. The synthetically-generated bidirectional
scattering distribution function (BSDF) data wehewn to have good agreement with limited measured
data for normal incident angles (0250 Measured data indicated that the prismatic filas most efficient
when vertical angles of incidence were between38aBd within +45% of normal incidence to the plane of
the window so maximum energy savings across theépth of the zone occurred over the equinox to
winter solstice period. Annual lighting energy @l visual comfort in a deep open plan office 2oBee
evaluated using the Radiance three-phase metremléral climates and for south and east-facing evind
orientations. Lighting energy savings were 39-48%a 12 m (40 ft) deep south-facing perimeter zone
compared to the same zone with no lighting contrdlse prismatic film with and without a diffuser
controlled glare for views parallel to the windowt Iproduced glare for seated viewpoints lookingammv
the window. At mature market costs, the systempragected to have a simple payback of 2-6 years.
Technical challenges encountered throughout thiatian led to improvements in measurement and
modeling tools and stressed the importance of lggaaturate input data for product development.

Keywords: Daylighting; prismatic film; microstructured filfidirectional scattering distribution function;
complex fenestration systems

1. Introduction

There has been significant research dedicatedviel@j@ng micro- and macroscopic materials and syste
for the purpose of redirecting sunlight and diffg&glight deeper into the building interior. Sirighting
energy use represents 13% of the total primaryggnesed by buildings in the United States or 5.4ady
(quadrillion = 16° Btu) in 2010 (D&R International, 2012), such inative technologies can play a
significant role towards aggressive energy-efficieand greenhouse gas emission reduction goals.
Microstructured devices include angular selectivatings on glass and holographic optical elements
(HOEsSs) (Smith and Granqgvist, 2010; Sullivan et B898; Papamichael et al., 1994). Static macrascop
systems for vertical windows include prismatic ogtielements (POESs), mirrored louvers, lasercuélsan
and enhanced light shelves (Wadsworth, 1903; Boatemet al., 1987; Moensch et al., 1987; Ruck.et al
2000; Andersen and Thuot, 2012; Beltran et al.,/18®gers et al., 2004). Motorized solar tracking
systems have also been developed for sidelighppications (e.g., Bartenbach, 1994). More optadiz
and complex solutions have involved roof-mountesh-sacking heliostats coupled to skylights, atnal
light-guiding mirrored ducts (Whitehead, 2013)fiberoptics systems (Muhs et al., 2007). For Ist#tic
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