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Light	  transport	  
systems	  

Three main components 

1.  Light collection system that 
captures daylight 

2.  Light transportation section 
that transport light over long 
distances into the building 

3.  Light extraction and 
emission to distribute light 
and illuminate the space 





• LTS	  are	  design	  to	  integrate	  the	  benefits	  of	  
natural	  light	  into	  buildings	  that	  otherwise	  
will	  relay	  entirely	  on	  electrical	  lighting	  for	  
illumination	  

• LTS	  could	  reduce	  the	  needs	  for	  artificial	  
lighting	  in	  building,	  thus	  reducing	  overall	  
energy	  consumption	  



• Regardless	  of	  their	  potential	  in	  energy	  
savings,	  it	  is	  still	  not	  well	  understood:	  
–  the	  effects	  of	  LTS	  on	  health	  and	  well	  being,	  	  
–  how	  people	  perceive	  and	  experience	  these	  
systems	  	  

–  and	  how	  they	  can	  affect	  occupants	  behavior	  	  



Aims	  of	  the	  research	  
•  pilot study to understand how people 

perceive and experience spaces that are 
naturally illuminated by light transport 
systems	  



Methodology	  
•  Two commercial office buildings with 

LTS in south-east Queensland, Australia, 
were selected as case studies.  

•  The case studies represent two 
situations: 

1.  integration of LTS and windows 
2.  windowless space only illuminated by LTS 

•  Assessment include qualitative and 
quantitative methods 	  



Building	  1	  
Integration of LTS and windows 

•  Central business district of Brisbane  

•  The two-storey building is obstructed by adjacent 
structures of similar height.  

•  It is an open plan architectural office  

•  with a visually pleasant interior and lighting design, 
which includes the use high ceilings, skylights (simple 
square light pipes with white transport section and 
lambertain diffusser), direct/indirect lighting and 
photosensor dimming controls.  



Building	  1	  



Building	  2	  
Windowless space only illuminated by LTS 

•  Regional community of Toowoomba, 100 km from 
Brisbane.  

•  Double storey; relatively free from sky obstruction by 
other buildings contains very few vertical windows.  

•  open-plan office area was retrofitted with Solatube 750 
DS systems used as skylights.  

•  The design of the office space is not particularly pleasing 
(low ceilings, recessed louvre-style electrical lighting, 
dark décor and no coordination between light pipes 
placement and office workstations).  
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Methodology	  
• Qualitative:	  assess	  preferences,	  perceptions	  

–  Focus	  groups,	  1	  hr	  sessions	  
–  Participants	  	  

•  All workers residing in the buildings were invited to 
participate in four focus groups (2 per building), with 20 
people participating;  

•  Building 1 in the City, 11 participants (5 male, 6 female) and  
•  Building 2 in Toowoomba, 9 participants (5 male, 4 female). 	  

• Quantitative:	  provide	  context	  for	  statements	  made	  
in	  focus	  groups	  
–  Illuminance	  at	  task	  areas	  	  
–  Luminance	  maps	  at	  selected	  workstations	  (HDR)	  







Qualitative	  study	  methodology	  
•  Questionnaire for participants inquire about: 

–  preferences for illuminance level, sources of light and 
overall luminous scenario 

–  needs and requirements for lighting quality and 
functional comfort in the workspace 

–  behavioural measures e.g., satisfaction with the 
lighting conditions, feelings about work environment, 
task performance and individual lighting control.  

–  Aesthetic appraisal of lighting design. 
–  Context, previous background and experience with 

lighting environments. 



Results	  
• A	  preference	  for	  natural	  light	  
• Evaluating	  light	  pipes	  
• The	  Quality	  of	  Light	  
• Connection	  to	  Outdoors	  
• The	  importance	  of	  Skylight	  placement	  



Preference	  for	  natural	  light	  
•  All participants identified numerous 

perceived advantages of daylighting, 
including health, psychological and 
environmental benefits  

•  There was a belief that electric light was 
‘artificial’ and ‘not natural’ and therefore 
there was the perception that this light was 
not as ‘good for you’, with participants 
raising health and well-being concerns 
associated with electric light.  



Evaluating	  light	  pipes-‐Building	  1	  
•  participants less aware of the 

light pipes – many people sat 
next to windows or had a view 

•  Occupants viewed the space 
as ‘wide and luminous’, a 
“beautiful space” that they 
enjoyed working in.  

•  They did not automatically 
make the connections between 
the light pipes and the light 
working environment – 

•  This was a good example of 
how well-designed luminous 
environment with good 
integration of windows and 
light pipes	  



maximum luminances in the field of view were at nearby luminaires 
(typically approximately 4,500 cdm-2) or at skylights (values up to 9,700 
cdm-2). 



•  HDR view of a workstation with a view of a skylight.  
•  most extreme example of luminance contrast (Building 1)  
•  In the task and immediate regions of the space the 

average luminance is 120 cdm-2. ratio 80:1. (the 
suggested maximum for brightness ratios within the field 
of view 50:1) 

 



Evaluating	  light	  pipes-‐Building	  2	  
•  participants were generally negative 

about the light pipes.  
•  they were resentful because they had 

originally been promised a large window 
during the retrofitting.  

•  half of the employees worked in an area 
with no windows and in the area with 
window there was limited access.  

•  light pipes were critical in this building – 
whilst they were sophisticated in design 
the integration of the light pipes with the 
building and electrical design was poor.  

•  occupants experienced many problems 
with the light pipes - especially glare 
(because the light pipes were badly 
positioned) and lack of control. 	  

 
  tubular skylight 
 (solartube 750 DS)  



 

 workstation adjacent to a light pipe in a windowless area.  

 working surfaces have luminances around 140 cdm-2.The maximum 
luminance in the field of view is the light pipe, approximately 19,000 
cdm-2. luminance contrast ratio of 135:1, exceeding the recommended 
value for visual comfort. 	  



Evaluating	  light	  pipes-‐Building	  2	  
•  All of the seven 

workstations surveyed  
displayed a similar high 
luminous contrast at 
some part of the day 
(either morning, midday 
or afternoon).  

•  Dark décor and low 
ceilings compounded the 
potential for visual 
discomfort in these 
conditions. 



The	  Quality	  of	  light	  
•  Building 1 illuminance levels were relatively 

constant throughout the day: the standard 
deviation of the average illuminance was less 
than 4 % 

•  The luminaires used in this building incorporated 
photosensors that maintained a combined 
daylight/electric light illuminance of 500 lux at 
the workplane.  



Absolute Illuminance at Sensor Points for DJA Office Nov 20 2009
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The	  Quality	  of	  light	  
•  Building 2 had no sensors and no means of 

dimming luminaires.   
•  The general illuminance levels daylight and 

electric light combined with average illuminances 
at workstations ranging from 450 lux to 820 lux.   

•  Light from the skylight was described as 
fluctuating or variable light, rather than 
constant, pieople complain of eye strain 

•  Over the periods of measurement, the standard 
deviation of the average illuminance at each 
workstation ranged from 14 % to 23 % of the 
average values.  	  



Absolute Illuminance at Sensor Points for EPA Office June 15 2009
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Daylight Illuminance at Sensor Points for EPA Office June 15 2009
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Connection	  to	  outdoors	  
•  While participants believed skylights gave 

connection to the outdoors, by allowing 
variations in weather to be felt, participants from 
both buildings were unanimous in their belief 
that daylight from a skylight was no replacement 
for daylight from a window,  

•  one participant describing the window as “a total 
experience”.  

•  Windows were perceived to have the additional 
benefit of being able to ‘see’ outdoors and gave 
context to the variation in lighting. 



Connection	  to	  outdoors	  

•  "You certainly feel connected to the 
outside still with skylight but not as 
much as you would if you had a 
window… I notice when cloud cover 
is moving across and even 
sometimes where there’s an aircraft 
and get a shadow flicker across the 
skylight" 

•  "In the absence of the windows 
these (skylights) are a much better 
option than the artificial lights. 
Natural is good. 	  



Connection	  to	  outdoors	  
•  Building 1, had windows that provided most of the 

cue to the outdoor variability.  

•  Most office workers in this office have direct access 
to a window, nevertheless, some mentioned they get 
cues of outdoor variability from the skylight 
depending on where they sit 



Importance	  of	  skylight	  placement	  
•  Participant’s perception of the lighting quality 
from the LTS was influenced by the placement 
of the LTS 

•  LTS that were directly above or behind 
working spaces produced glare and 
participants reported negative associations 
with the light  

• “Anyone who has it directly 
over them, they don’t like it. 
They try and adjust their 
environment to suit, to make it 
more pleasant, less glary”.  



Building 1 participants 
reported glare issues 
from skylights located 
above workstations, 
particularly at certain 
times of the day 
(midday) 



Discussion	  
•  Preference for natural light: all office workers had a 

generally positive perception of daylight in the workplace 
(even those who were unhappy with their current 
environment due to negative aspects of LTS). 

•  Evaluating LTS: when LTS are integrated with windows 
(and problems of glare were not present) acceptance 
was higher. Lack of control of the device and poor 
integration with electrical lighting produced negative 
views of the systems. 

•  Quality of Light: where LTS provide major fluctuations 
in workplane illuminance, response was more likely to be 
negative 



Discussion	  
•  Connection to outdoors:  LTS provided cues to 

diurnal variation, especially significant and 
valued where there were no windows. For some, 
this was a higher priority than potential visual 
discomfort from LTS. 

•  Importance of placement:  Perception varied 
with position of workstation with respect to LTS.   

•  This was generally a glare issue, particularly 
where the skylight was within occupants field of 
view while working (i.e. dependant on ceiling 
height and aperture luminance) 



The main implications people’ preferences may 
have on design for LTS 

•  Incorporating windows – even if they provide little light 
or are heavily obstructed  

•  Ceiling height is a major factor on the glare to 
occupants from skylights (lower ceilings places skylight 
apertures in the field of view at the workstation)  

•  Position of skylight: preferred position was for the 
skylight to be behind them – the least comfortable 
position was skylight directly above workstation) 

•  Control systems can increase occupant perception of 
lighting quality where LTS are applied   

•  Design of output element - output elements that evenly 
diffuse light or redirect light upwards viewed as 
producing a more pleasing luminous environment	  



Conclusions	  
•  The results begin to address the central aims of 

this research – understanding how people 
perceive and experience spaces lit by LTS.  

•  However they are limited by the availability of 
only simple LTS systems and their confinement 
to a single geographical location (and cultural 
context). Further research is necessary to 
evaluate more complicated LTS. 


