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Notices:

LightLouver™ is a registered trade name of Architectural Energy Corporation’s
patented optical light shelf daylighting system.  Additionally, the phrase
“Daylighting and Solar Control in One Remarkable Product” has been submitted
for registration as a Service Mark.

The design of the LightLouver Daylighting System is protected under the
following patents:

·   6,239,910 B1 issued May 29, 2001
·   6,480,336 B2 issued December 12, 2002
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Copyright Architectural Energy Corporation September 2003
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LightLouver™ Daylighting System Case Study and Performance
Results

Architectural Energy Corporation has evaluated the performance of its
LightLouver Daylighting System through comparative testing in a completed
building, and through detailed analysis using calibrated lighting simulation
software.  The completed building is the Xilinx Development Center in Longmont,
Colorado.  The lighting simulation software used is called Radiance, a highly
accurate ray-tracing program capable of modeling both electric lighting and
daylighting.

This document presents a brief description of the Xilinx Development Center, and
a summary of the performance results from empirical and analytical tests of the
LightLouver Daylighting System at the Xilinx Development Center.

Xilinx Development Center

The Xilinx Development Center in Longmont, Colorado houses the software
development function of Xilinx Corporation, an embedded logic chip
manufacturer headquartered in San Jose, California.  It is the first building
constructed on Xilinx’s new Colorado research and development campus.  As
such, Xilinx wanted to set the tone for the campus in terms of architectural style,
landscaping and outdoor space design, and energy and environmental
responsiveness.

Figure 1: Xilinx Development Center, Longmont, Colorado
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The U.S. Green Building Council’s Leadership in Energy and Environmental
Design (LEED) rating system was used to guide the overall sustainable design of
the campus master plan and the Development Center design.  Sustainable
design concepts incorporated include indigenous, low-maintenance plants
(xeriscape); aggressive daylighting of all office space using an innovative optical
light shelf daylighting system; underfloor air distribution system; high efficiency
electric lighting with photosensor (daylight) controls; direct/indirect evaporative
cooling with variable volume air handling and variable frequency drives on all fan
motors and pumps; and low environmental impact materials throughout exterior
and interior material finishes.

Master planning of the campus resulted in the 127,000 square foot, two story
Development Center building being oriented on an east-west axis in the center of
the site – becoming the “crossroads” for all pedestrian circulation through the
site.  With this building orientation, the interior spatial organization logically
became perimeter open office zones on the south and the north, with a core zone
of support spaces (conference rooms, break rooms, computer laboratories,
restrooms, storage, etc.) in the middle (see Figure 2).  This overall space-
planning concept was conducive to daylighting the majority of the perimeter office
space.

Figure 2: Xilinx Development Center Floor Plan

An ambient-task-accent electric lighting scheme was employed by the design
team, with daylighting and indirect (pendant) electric lighting providing the
ambient lighting requirement (20-25 fc) and furniture-mounted fluorescent lighting
providing the task lighting requirements (40-50 fc).  Accent lighting is provided
throughout the building to highlight specific areas (i.e. break rooms) or wall
surfaces (i.e. art).
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The perimeter glazing system was organized into “vision” glass (3’ above finished
floor to about 7’ above finished floor) and “daylight” glass (7’ above finished floor
to ceiling height – 10’ above finished floor).  The vision glass is Viracon VE5-55
and has a relatively low visible light transmission (29%) and a low shading
coefficient (0.28).  The daylight glass is Viracon VE1-85 and has a relatively high
visible light transmission (76%) and a relatively high shading coefficient (0.62).  A
horizontal shading device is positioned over all east-, west-, and south-facing
windows, and designed to fully shade the vision glass on June 20th, the summer
solstice.  To redirect daylight onto the ceilings of the east, south, and west
perimeter office spaces and to provide adequate daylight deep into the open
office space, Architectural Energy Corporation’s LightLouver™ Daylighting
System was placed on the interior side of the daylight glazing of the east, west,
and south fenestration.  The north-facing glazing, because it does not receive
appreciable sunlight during the year, has Viracon VE1-85 in both the vision and
the daylight glazing portions of the fenestration.

The LightLouver Daylighting System consists of a series of fixed horizontal
reflective louvers of a unique compound geometry, placed in a supporting frame
and mounted onto the mullions interior to the glass, shown in Figure 3.  The
system accepts all angles of incident sunlight and skylight and redirects the
daylight uniformly across the ceiling surface.  The illuminated ceiling surface
provides ambient light to the space below.

Figure 3: Isometric Section of the LightLouver Daylighting System

The open office space consists of four cubicles, each approximately 8� x 8� in
size, with circulation space on either end of the cubicle grouping, shown in Figure
4.  This makes the total depth from the fenestration to the interior core wall
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approximately 40 feet.  Three rows of indirect pendant lighting, mounted parallel
to the fenestration, are mounted on 10 foot centers over the office cubicles.  The
two rows of indirect lighting nearest the fenestration have dimming ballasts with
photosensor controls.  The third row of indirect lighting does not have dimming
ballasts and remains on during daylight hours to balance the interior zone light
levels with the exterior and middle zone light bulbs which respond to the
available daylight.  The photosensor control system determines the ambient light
levels in the perimeter zones of the space and raise or lower the indirect electric
lighting to maintain the minimum ambient lighting level.  The lighting controls
were commissioned by Architectural Energy Corporation and the lighting controls
contractor to ensure they performed as intended (designed).
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Figure 4:  Schematic Floor Plan of Xilinx Open Office Test Area

The LightLouver Daylighting System provides adequate daylight to meet the
ambient lighting needs of the first two to three cubicles.  Without the LightLouver
Daylighting System, only the first cubicle and the circulation space adjacent to
the fenestration would have received adequate daylight for the ambient lighting
needs of these spaces.
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Exterior view of south fenestration with
horizontal shading device above “vision”
glass and “daylight” glazing above

Interior view of Architectural Energy
Corporation’s LightLouver™ Daylighting
System (LightLouver 51 design)

Interior view of redirected daylight onto the
ceiling of daylit open office space

Figure 5: LightLouver Details in Xilinx Development Center
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LightLouver 51 versus LightLouver 100 Design

During the development of the LightLouver Daylighting System, numerous optical
design solutions (geometries) were developed and evaluated.  The numerical
designation after the LightLouver name indicates the version of the LightLouver
design.  Thus, LightLouver 51 represents the 51st iteration of the optical design of
the LightLouver reflecting slat.  The final, commercial design for the LightLouver
is LightLouver 100, and represents the optimal design for the design criteria on
which the optical daylight system was based, including the following:

·  Increase the efficacy of the daylight collection and distribution.
·  Minimize direct sunlight penetration through the LightLouver unit by

reducing the cut-off angle from 15o to 5o.
·  Optimize daylight distribution for the higher summer and equinox sun

angles to reduce coincident peak demand of electric lighting and
mechanical cooling.

·  No specular reflections observable below the horizontal to eliminate glare
from the units.

·  Maximize uniform daylight distribution deeper in the space to reduce
ceiling contrast ratios.

A cross section of the LightLouver 51 and 100 slats are shown in Figure 6.

Figure 6: Cross Section of the LightLouver 51 and 100 Designs

Comparative Testing at the Xilinx Development Center

Workplace illuminance measurements were taken in an open office area of the
Xilinx Development Ceter in Longmont, Colorado on a sunny winter day,
December 6th, 2001; between 12:00 pm and 2:00 pm.  Two different daylighting
scenarios were analyzed; the daylit case with the LightLouver 51 design installed
in all daylight windows and a base case in which the daylight windows were
"blacked out," simulating a condition with no daylight windows.  This base case
condition (i.e. area and position of glass) is assumed to represent an acceptable
design solution when a daylighting system is not integrated into the architectural
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design of a commercial office building.  The base case can then be used to
determine the amount of energy savings and the increase in the quantity of
lighting due to the LightLouver 51 Daylighting System.

Several measurements were taken for both the base case and LightLouver 51
design conditions.  Illuminance measurements were taken at the workplane
(30”AFF) height for a row of four cubicles perpendicular to the window as shown
in Figure 4.  The numbering convention shown for the cubicles is used for
discussion throughout the remainder of the document.  Illuminance
measurements were taken in a hallway as well, spaced every foot starting at the
window wall at a workplane height and extending 41’ into the space.
Additionally, luminance images were taken using the IQCam luminance imaging
system.  The resulting luminance maps were used to compare with Radiance’s
luminance map calculations.

Cubicle Illuminance, Dec. 6, 1pm
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Figure 7:  Xilinx Cubicle Workplane Illuminance, Dec. 6th, 1:00 PM

Figure 7 compares the daylight illuminance in the cubicles for the LightLouver 51
daylighting system and the base case.  For the low winter sun angles,
LightLouver 51 will provide roughly three times the illuminance in the first cubicle
(6’ – 14’) and roughly twice the illuminance in the second cubicle (14’ – 22’).
LightLouver 51 also almost doubles the illuminance farther back in the space
(>22’).  However, the illuminance levels for both the base case and LightLouver
51 case are insufficient to warrant the use of a daylight sensitive electric lighting
control system in these deeper zones.
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Hallway Illuminance
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Figure 8:  Xilinx Hallway Workplane Illuminance, Dec. 6th, 1:00 PM

Figure 8 compares the daylight illuminance in the hallway from the LightLouver
51 daylighting system and from the base case condition.  The LightLouver 51
daylighting design increases the daylight illuminances by as much as 400% close
to the window and at least by 200% as far as 40� into the space.
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Radiance Analysis of the LightLouver Daylighting System

Using the Xilinx measured data, Radiance models were created and calibrated
for the base case and the LightLouver 51 installation.  A comparison between a
digital photograph and the calibrated Radiance model is shown in Figure 9.

Photograph of Actual Daylit Space Radiance Image of the Daylit Space

Figure 9: Xilinx LightLouver installation

A comparison of the measured illuminance data and the Radiance predicted
illuminance data is shown in Figure 8 and Figure 10 for the hallway illuminance
and cubicle illuminance, respectively.  The agreement between the measured
and predicted illuminance values is excellent, and confirms the accuracy of the
Radiance LightLouver model.



LightLouver™ Daylighting System Case Study and Performance Results

Architectural Energy Corporation 10 Boulder, Colorado

Cubicle Illuminance, Dec. 6, 1pm
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Figure 10:  Comparison of Cubicle Workplane Illuminance

Using the calibrated / validated Radiance LightLouver model, the comparative
performance of the LightLouver 51 and LightLouver 100 designs is presented in
Figure 11, Figure 12, and Figure 13 for the Winter Solstice, Fall / Spring Equinox,
and Summer Solstice, respectively.  This adjustment in the LightLouver design to
bias the daylight performance to the equinox and summer solstice seasons (see
Figure 12 and Figure 13) was purposefully done to address (break) the
coincident electrical demand – all lights on at full capacity air conditioning
provided – which sets a commercial building’s monthly peak demand.  By
improving equinox and summer season performance of the LightLouver
Daylighting System, greater energy cost savings will be realized by the building
owner.
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Comparison of Average Workplane Illuminances, Winter Solstice
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Figure 11:  Winter Solstice Cubicle Illuminance Comparison

During the winter solstice, LightLouver 100 performs slightly worse than
LightLouver 51, while both still roughly double the illuminance of the base case.
However, the LightLouver 100 design still provides complete daylight coverage
for the first daylight zone (cubicle 1) and roughly 13 fc in the second daylight
zone (cubicle 2).
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Comparison of Average Workplane Illuminances, Equinox
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Figure 12: Fall / Spring Equinox Cubicle Illuminance Comparison

During the fall / spring equinox, LightLouver 51 increases the daylight illuminance
by roughly 300% over the base case, while LightLouver 100 increases the
daylight illuminance again by at least 180%.  Furthermore, the LightLouver 100
design, with the lower exitance angle, balances the daylight illuminance
throughout the cubicles.  The daylight illuminance increases (compared to the
LightLouver 51 design) 180% for the 1st cubicle, 263% for the 2nd cubicle, 335%
for the 3rd cubicle, and 360% for the 4th cubicle.  Therefore, the illuminance
gradients are less severe for the LightLouver 100 design than for the LightLouver
51 design and the base case.  Many times, if the daylight system is too bright in
the perimeter zones the rest of the space feels gloomy in comparison.  The
LightLouver 100 design, providing daylight at gradients less severe than the base
case, will create less of this effect than a typical office design with a single view
window during equinox and summer months.  Additionally, the LightLouver 100
design will extend the daylit zone, thus enabling a greater percentage of the
ambient electric lighting to be turned off or dimmed.
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Comparison of Average Workplane Illuminances, Summer Solstice
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Figure 13: Summer Solstice Cubicle Illuminance Comparison

During the summer solstice, LightLouver 51 increases the daylight illuminance by
roughly 160% over the base case, while LightLouver 100 increases the daylight
illuminance again by roughly 170%.
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Estimated Cost Savings

Using the daylighting and electric lighting design of the Xilinx Development
Center, the building-wide energy savings attributable to the LightLouver 51
daylighting system are summarized in Table 1.

Table 1:  Summary of Building-Wide LightLouver 51 Daylight Zone Energy
Use and Savings

Annual
Energy w/out

Dimming
[kWh/yr]

Annual
Energy w/
Dimming
[kWh/yr]

Annual
Energy
Savings
[kWh/yr]

Annual
Energy Cost

Savings
[$/yr]*

Percent
Savings

[%]

1st Row Dimming
(measured at fixture) 30,295 9,877 20,418 $1,633 67.4%

2nd Row Dimming
(measured at fixture) 77,015 71,140 5,875 $470 7.6%

Combined Dimming
(measured at electric

panel)
107,310 67,439 39,871 $3,190 37.2%

* Based on an $0.08/kWh flat rate

The data represents the energy savings only in the daylit zones served by the
LightLouver Daylighting System, and do not include the north-facing daylit zone.
These daylight zones amount to roughly 16,000 sf giving a savings of $0.19/sf.
In addition, several exterior site and interior obstructions shade the LightLouver
units and corresponding lighting control zones for roughly 1/3rd of the time.
Without this shading, the annual energy savings would increase to roughly
$4,253 or $0.25/sf.  Using the LightLouver 100 design could further increase the
annual energy cost savings to greater than $5,000 or $0.31/sf.

Conclusions

The LightLouver Daylighting System is an effective side daylighting strategy for
commercial and institutional buildings.  It easily integrates with most commercial
glazing systems, and uniformly distributes daylight onto the ceiling of the daylit
space to meet ambient lighting requirements.  Empirical and analytical analysis
indicate that the LightLouver 100 design increases daylight illuminance levels by
over 140% compared to normal fenestration.  Additionally, the LightLouver
design provides excellent solar control, redirecting all daylight onto the ceiling
above a 5° altitude angle.


