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ABSTRACT  
 
In this paper, we present the findings of a study that is 
currently evaluating the lighting performance of a horizontal 
hybrid solar light pipe that integrates daylight and electric 
light in deep floor plan multi-story deep buildings. The light 
pipe system was designed to deliver daylight at the back of a 
10m space using an optimized geometry and high reflective 
materials. The light pipe was designed for latitude 30°N in a 
predominantly sunny and clear sky location. An 
experimental testing room was built to represent a section of 
a south-facing open plan office space of 9.3m (30ft) long, 
3.1m (20ft) wide, 3.6m (10ft) high, and an area of 29m2 
(300ft2). 
 
Photometric measurements have shown that on clear and 
partly cloudy days (maximum external global horizontal 
illuminance, EXGH=110,000-120,000 lux), the light pipe 
can provide at the back of the space, 7.3m (24ft), between 
300 to 2,500 lux for nine hours (9:00am-6:00pm). The 
highest illuminance values (over 1,000 lux) are achieved 
consistently between 10:00am and 4:30pm under clear sky 
conditions. Under overcast conditions the light pipe 
introduced more than 300 lux when EXHG was over 22,000 
lux. Natural light is evenly distributed over the workplane, 
with a diversity of illuminance under 3:1 during most hours. 
Illuminance values at the back of the space, 5.4-7.3m (18-
24ft), are consistently higher (20-50%) than at 3.6m (12ft) 
from the window wall. Color temperature (CT) under the 
light pipe, 6m (20ft) ranged consistently between 4600-
5000K while outdoors CT ranged from 4700-5600K, under 
clear skies. The space showed a uniform daylight 
distribution, the sidelight window illuminates the front of 
the room and the light pipe system the back. 
 

1. INTRODUCTION 
 
It has been demonstrated that the use of daylighting in 
commercial office buildings is an effective strategy to offset 
electrical lighting, to reduce cooling, and heating loads; as 
well as to increase human comfort and productivity (1). This 
paper intends to demonstrate the benefits of a passive 
horizontal light pipe to provide adequate light levels in 
building cores without introducing additional solar heat 
gains.  
 
Light pipes are not new as a concept; we can trace their 
origins to ancient Egypt where daylight was introduced into 
massive structures through reflective shafts covered with 
thin layers of gold (2). In recent years light pipes have been 
explored because of their potential to introduce daylight 
further into the building core. One of the first developments 
of a passive horizontal light pipe suitable for deep plan 
office buildings was developed by LBNL (3). The 
characteristics of the light pipe presented in this paper are 
based on the preliminary designs developed by the author at 
LBNL. Other researchers adapted these light pipes to 
locations at low latitudes (3ºN, 14ºN) (4, 5), where the light 
pipes were oriented to face the sun towards the East or West 
limiting the light pipes’ daylight performance. An anidolic 
(non imaging) ceiling was developed to collect light rays 
from the sky and redirect the emitted light in a 6m (20ft) 
room. This system is suitable for locations with 
predominantly overcast skies (6). Recent developments 
include active light guiding systems that integrate electric 
lighting, as backup lighting, along with heliostats and 
tracking mirrors to redirect sunlight at higher costs (7). 
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2. DESCRIPTION 
 
This study focuses on the evaluation of the daylighting 
performance of a horizontal solar light pipe system. It is 
designed as a daylight system to redirect sunlight into 
building core areas. The current design is for a south-facing 
facade where sunlight is available throughout the year. The 
light pipe prototype uses a relatively small inlet glazing 
area, 0.3m by 1.6m (1.2ft by 5.5ft) with window wall ratio 
(WWR) of 4% and window floor ratio (WFR) of 1.6%. The 
light pipe is coated with a polymeric film that provides a 
specular reflection with luminous reflectivity of 99.3%. 
The light pipe consists of three distinct sections: collector, 
transportation and distribution (Fig. 1). The collector is an 
array of optical elements that passively track the sun 
throughout the year, and redirects sunlight to the 
distribution section (building core areas). The distribution 
section at the back end of the pipe has an opening of 4.6m 
(15ft) long covered with diffusing polycarbonate radial lens 
film located at the ceiling plane with 87% visible 
transmittance (Tvis). The lens design has optical-quality 
circular prisms that reduces glare, eliminates hot spots and 
does not alter the colors of the transmitted light. The light 
pipe is integrated with electric lighting that is automatically 
controlled to provide adequate light levels (>300lux) in the 
early morning and late afternoon hours, and under overcast 
conditions.  
 

 
Fig. 1: Light pipe sections. 
 
 
3. METHODOLOGY 
 
3.1  Experimental Facility 
 
Architecture, Construction Science and Electrical 
Engineering students and faculty of Texas A&M University 
built an experimental facility to evaluate the lighting 
performance of the light pipe (Fig. 2). The project was 
developed as an entry for EPA P3 Phase II grant 
competition (8, 9). Our project got the 3rd place from the 42 
projects that competed, and was awarded with funding for 
Phase II to further develop and implement the light pipe in 
buildings. 
 

   
Fig. 2: Construction of testing facility. 
 
The experimental facility was built at the Architecture 
Ranch Fabrication Facility at A&M Riverside campus. It 
was built in an old shipping container, which was adapted to 
represent a section of an office space with an unobstructed 
south view, and at 75% of full-scale (Fig. 3). The room 
dimensions are 9.3m (30ft) long, 3.1m (10ft) wide, 3.6m 
(10ft) high, 29m2 (300ft2). The space included a sidelight 
window of 2.8m (9.3ft) wide by 1.65m (5.3ft) high with 
WWR of 41%, WFR of 16%, and Tvis of 79%. The window 
is shaded by seven exterior horizontal louvers with a 
reflectance of 0.8 to block direct sunlight. The interior 
surface reflectances are 0.8 for the ceiling, 0.7 for the walls, 
0.3 for the floor, and 0.5 for the desks. 
 

   
Fig. 3: Exterior and interior views of experimental room. 

 
3.2  Quantitative Assessment 
 
Interior illuminance measurements were taken at (a) four 
reference points at workplane height, 0.76m (30”) (see Fig. 
4). Four cosine- and color corrected LI-COR photometric 
sensors (LI-210SA) were placed over the workplane at 
equal distances, 1.8m to 7.2m (6ft to 24ft) from the window 
wall, at the centerline. Outside the test room, one sensor was 
placed on the roof to take global horizontal illuminance 
(EXHG). Light levels were recorded every minute by a LI-
1400 datalogger since March 2010. 
 
To represent the daylight distribution of the light pipe only, 
at the back of the space, horizontal illuminance levels were 
measured hourly over 78 points between 10:00am and 
5:00pm on Feb. 7. Fig. 5 shows in floor plan and 
longitudinal section the location of the sensors. The window 
was covered with a black plastic and fabric to measure the 
net illuminance introduced by the light pipe. Four sensors 
were mounted over a metal structure that was moved 
horizontally every 0.5m under the light pipe distribution 
area at workplane height, 0.76m (30”). The horizontal 
daylight distribution data is presented in Fig. 9. 
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Fig. 4: Photometric sensor location. 
 
 

 
Fig. 5: Floor plan (top) and longitudinal section (bottom) of 
experimental room with grid of 78 sensors 
 
To understand the color of the light introduced by the light 
pipe, CT was measured outdoors and at two interior 
reference points, under the light pipe and next to the 
window. CT measurements are presented in Table 2. 
 
3.3  Qualitative Assessment 
 
High Dynamic Range (HDR) images were created using the 
program Photosphere to assess the visual comfort in the 
testing room. HDR images were created from eleven 
bracketed exposures to cover from 1-20,000 cd/m2 (10). A 
Nikon Coolpix 5400 camera and a FC-E9 Nikon fisheye 
lens were used to capture a wide view of the space as well 
of the external conditions. From the HDR images were 
created false color images to visualize the spatial luminance 
distribution, and measure the luminance variability across 
the space. Hourly average luminances were calculated over 
the light pipe diffuser, window, sidewalls and workplane 
(see Table 3). 
 

4. DISCUSSION AND RESULTS 
 
Under clear and partly cloudy sky conditions (maximum 
external global horizontal illuminance, EXGH=110-120 
klux), the light pipe introduced illuminance levels that 
varied from 300 to 2,500 lux between 9:00am to 6:00pm 
(Figs. 6 and 7). Under highly variable partly cloudy sky 
conditions, illuminance levels were maintained above 300 
lux while exterior horizontal illuminance levels were above 
22 klux. Under overcast sky conditions (10-15 klux), the 
light pipe introduce between 150 to 200 lux at the back of 
the space (11). During these periods, electric lighting will 
need to supplement the 100-150 lux needed to achieve the 
desired illuminance level (300 lux) throughout the space, 
front and back. 
 

 
Fig. 6: Hourly workplane illuminance under a 
predominantly clear sky, on March 21 (11). 

Fig. 7: Hourly workplane illuminance under a clear and 
partly cloudy sky, March 21 (11). 
 
Natural light is evenly distributed throughout the space with 
the light pipe contribution (Fig. 8). Illuminance values at the 
back of the space (4.5-8.5m (15-28 ft)) are higher than at 
3.5m (12ft) from the window wall. The space shows a 
uniform daylight distribution, the sidelight window 
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illuminates the front of the room and the light pipe system 
the back. Long-term illuminance measurements (11) 
confirmed that at the front of the space, 1.8m (6ft) from the 
window, light levels reach over 2,500 lux, then decrease to 
1,500 lux at 3.6m (12ft), and at the back of the space beyond 
6m (20ft) light levels increase to over 2,000 lux. 
 

 
Fig. 8: Illuminance distribution along centerline of space 
with sidelight window and light pipe, under clear sky 
conditions at 1:00pm on Feb. 7. 

Hourly illuminance distribution plots under clear and partly 
sky conditions depict the daylight introduced by the light 
pipe at the back of the space (Fig. 9). At all hours the 
highest illuminance levels occur at 6m (20ft) from the 
window plane. Around noon hours the light pipe introduced 
more than 2,000 lux.  
 
It is noticeable the circular wide spread of light levels over 
the workplane exiting from an elongated light source. 
Useful light levels (150-800 lux) are distributed towards the 
front part of the room (2.5m-4.5m (8ft-15ft)). This indicates 
that the light pipe can be moved 2m (6.5ft) back into a 12m 
(40ft) space and can provide sufficient light levels to the 
back and central section of the space. Bright areas can be 
observed over the sidewalls at the back of the room (Figs. 
10 and 11).  
 
Diversity of illuminance is a measure of uniformity in a 
space; expressed, as the ratio of the maximum illuminance 
to the minimum illuminance at any point must not exceed 

 

 
Fig. 9: Hourly illuminance distribution over work plane, under clear and partly cloudy sky conditions, on Feb. 7. 
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5:1. The diversity of illuminance at the back of the testing 
room is under 5:1 at all hours except at 5:00pm that 
slighthly exceeds 5.6:1 (Table 1). The lowest diversity of 
illuminance, at the back of the space, is achieved at 
12:00pm and 1:00pm (2.5-2.6:1). Results demonstrate that 
the light pipe contributes to achieve a uniform illuminance 
distribution throughout the whole space during daytime 
hours. 
 
TABLE 1: DIVERSITY OF ILLUMINANCE, AVERAGE 
AND EXHG, FEB. 5 (lux) 
  

TIME 
Diversity of 
Illuminance 

Average 
Illuminance 

EXHG 

10:00am 3.3:1 1,045 69,570 
11:00am 3.2:1 1,201 75,806 
12:00pm 2.5:1 1,398 81,304 

1:00pm 2.6:1 1,418 80,621 
2:00pm 3.5:1 1,285 72,290 
3:00pm 3.2:1 930 56,679 
4:00pm 4.5:1 548 32,927 
5:00pm 5.6:1 210 14,644 

 
The spatial illuminance distribution of the light pipe (11) 
showed that the current light pipe design achieved high 

illuminance levels (600-6,000 lux) at a height of 2.0m 
(6.5ft) or 0.7m (2.3ft) away from the light pipe diffuser, and 
at further distances light levels decrease (450-1,050 lux) 
while uniformity increases throughout the space. 
 
Fig. 10, a time-lapse sequence of images taken in the testing 
room on Feb. 5th, shows how uniform daylight is distributed 
over the workplane and sidewalls at the back of the space 
throughout the day. The two brighter areas in these views, 
the sidelight window and the front part of the light pipe 
diffuser (4.5-5.5m (15-18ft)), are outside the binocular 
vision of an occupant looking towards the East wall at the 
back of space (12). Therefore, these brighter areas are out of 
the occupant’s field of view. Light levels throughout the day 
over the workplane are higher near the sidelight window 
(1,200-3,500 lux) while under the light pipe were 300-2,300 
lux (see Table 2). The light pipe introduces between 2-4% 
of the EXHG (17-85 klux). Under clear skies, the CT near 
the window ranged from 4100-4800K while the CT under 
the light pipe ranged consistently between 4600-5000K 
similar to the outdoor horizontal CT (4700-5600K). This 
similarity is due to the fact that the light pipe opening faces 
up towards the sky, like a skylight, while the CT at the front 
of the space depends on the exterior reflected component 
seeing by the window, i.e. ground, shades, vegetation, etc.  

 

 
 

Fig. 10: Hourly HDR images under clear sky conditions on Feb. 5. 
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TABLE 2.  HOURLY ILLUMINANCE AND CT, FEB. 5 
 

 
TIME 

EXHG 
(lx) 

EX 
CT 
(K) 

E-6m 
(lx) 

CT-
6m 
(K) 

E-
1.5m 
(lx) 

CT-
1.5m 
(K) 

11:00am 74,630 5,589 2,147 4,969 3,089 4,725 
12:00pm 84,540 5,654 2,308 4,974 3,435 4,758 

1:00pm 78,140 5,714 2,353 4,986 3,482 4,760 
2:00pm 85,060 5,669 2,338 4,991 3,425 4,742 
3:00pm 47,860 5,595 1,936 4,926 2,986 4,644 
4:00pm 39,530 5,308 1,304 4,763 2,518 4,455 
5:00pm 16,650 4,777 317 4,683 1,199 4,147 

 
Fig. 11 shows a time-lapse sequence of false color images of 
the HDR images presented in Fig. 10. In the false color 
images, green tones represent the low luminance values 
(<20 cd/m2), and yellow tones represent the high luminance 
values (>2,000 cd/m2) in the space. Notice the variation of 
luminance values over the desks under the light pipe (236-
346 cd/m2), confirming the uniformity of light distribution.  
Table 3 shows that the average hourly luminance values of 
the window and front light pipe diffuser, at most hours 
(11:00am-3:00pm) are over 2,000 cd/m2 at both locations in 
the space. The luminance values over the workplane and 
East sidewall are consistently similar at all hours, 
demonstrating the uniform light distribution over horizontal 
and vertical planes surrounding the light pipe. 

TABLE 3:  HOURLY LUMINANCE, FEB. 5 (cd/m2) 
 

TIME 
Avg. 

Window 

Avg. 
Light 
Pipe 

Workplane 
(Desk) 

East 
Side 
Wall 

11:00am 2,960 2,110 253 197 
12:00pm 3,250 2,950 295 223 

1:00pm 2,700 3,300 272 256 
2:00pm 2,560 3,330 346 208 
3:00pm 2,480 2,070 282 207 
4:00pm 1,930 1,260 236 134 
5:00pm 1,560 535 53 76 

 
 
5. CONCLUSIONS 
 
The light pipe demonstration presented in this paper has the 
potential to be an effective technology to reduce lighting 
and cooling loads that can result in significant energy and 
demand savings during building operating hours.  
 
The light pipe can provide: high illuminance levels, full 
spectrum light with good color rendition, color temperature 
similar to outdoor light that can have a positive effect in 
building occupants that spend many hours indoors and 
increasing their productivity. Light pipes in building cores 
can create healthy environments, increase visibility and 

 

 
 

Fig. 11: Hourly false color images showing luminance distribution under clear sky conditions, on Feb. 5. 
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visual comfort, and help to reset occupant’s circadian 
rhythm. Many building types can benefit from these 
features. 
 
The light pipe introduces consistently illuminance levels 
between 300 and 2,500 lux for nine hours (9:00am-6:00pm) 
at 7.2m (24ft) from the window wall under clear and partly 
cloudy skies. Under overcast conditions the light pipe 
introduces more than 300 lux when EXHG was over 22,000 
lux. The interior illuminance levels at the back of the space 
is about 2-4% of the EXHG under clear skies, and 1.5% of 
EXHG under overcast skies. The light pipe introduces 
similar illuminance levels, at the back of the space, to the 
ones provided by the sidelight window to the front space, 
even though the light pipe glass area is only 10% of the 
sidelight window. This confirms that the cooling loads 
generated by the light pipe glass will be insignificant 
compared to the sidelight window, and to the loads 
generated by the electric lighting it offsets. 
 
Our light pipe is an innovative sustainable envelope system 
that offers a viable solution to reduce energy consumption in 
deep floor plan buildings. It can make major changes to the 
way buildings will be designed in the future. It will not be 
required to have large spans of glass to introduce more 
daylight to building cores. Currently we are working in EPA 
P3 Phase II to further develop the light pipe to other 
locations and orientations, integrate it with electric light 
sources, improve its efficiency, and simplify its construction 
for mass production. 
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