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ABSTRACT

 Artifi cial lighting is the largest component of electricity use in 
commercial U.S. buildings. Hybrid solar lighting (HSL) provides an 
exciting new means of reducing energy consumption while also delivering 
signifi cant ancillary benefi ts associated with natural lighting in buildings. 
As more than half of all federal facilities are in the Sunbelt region (defi ned 
as having an average direct solar radiation of greater than 4 kWh/m2/day) 
and as more than half of all square footage available in federal buildings is 
also in the Sunbelt, HSL is an excellent technology fi t for federal facilities.
 The HSL technology uses a rooftop, 4-ft-wide dish and secondary 
mirror that track the sun throughout the day (Figure 1). The collector 
system focuses the sunlight onto 127 optical fi bers. The fi bers serve as 
fl exible light pipes and are connected to hybrid light fi xtures that have 
special diffusion rods that spread out the light in all directions. One 
collector powers about eight hybrid light fi xtures—which can illuminate 
about 1,000 square feet. The system tracks at 0.1° accuracy, required by the 
two-mirror geometry to keep the focused beam on the fi ber bundle. When 
sunlight is plentiful, the optical fi bers in the luminaires provide all or most 
of the light needed in an area.
 During times of little or no sunlight, a sensor controls the intensity 
of the artifi cial lamps to maintain a desired illumination level. Unlike 
conventional electric lamps, the natural light produces little to no waste 
heat and is cool to the touch. This is because the system’s solar collector 
removes the infrared light—the part of the spectrum that generates a lot of 
the heat in conventional bulbs—from the sunlight.
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TECHNOLOGY OVERVIEW

 HSL provides a fl exible, effi cient, and easily integrated means for 
providing natural lighting in commercial buildings. HSL technology 
uses a rooftop, 4-ft-wide dish and secondary mirror that track the sun 
throughout the day. The collector system focuses the sunlight onto 127 
optical fi bers. The fi bers serve as fl exible light pipes and are connected 
to hybrid light fi xtures that have special diffusion rods that spread out 
the light in all directions. One collector powers about eight hybrid light 
fi xtures—which can illuminate about 1,000 square feet.
 When sunlight is plentiful, the optical fi bers in the luminaires provide 
all or most of the light needed in an area. During times of little or no sunlight, 
a sensor controls the intensity of the artifi cial lamps to maintain a desired 
illumination level. Unlike conventional electric lamps, the natural light 
produces little to no waste heat and is cool to the touch. This is because the 
system’s solar collector removes the infrared light—the part of the spectrum 
that generates a lot of the heat in conventional bulbs.
 On a sunny day, one hybrid solar lighting system will deliver 50,000 
lumens of sunlight, or the equivalent of 55 60-watt incandescent lamps. 
Integrating HSL with fl uorescent applications has the potential to save 

Figure 1. HSL system on rooftop.
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building managers $500 per system annually 
with a life cycle of 20 years and a system price of 
$4 per square foot (estimated for 2008).

How it Works
 The HSL system houses a sun-tracking 
control board (Figure 2) used to calculate the sun’s 
position based on latitude, longitude, and time 
of day. The control board uses a microprocessor 
to compute the astronomical equations, obtained 
by the U.S. Naval Observatory, which are good 
to 1/60° for the next 300 years. This precision 
allows the system to track at 0.1° accuracy. 
The calculations determine the positions in the 
azimuth and zenith earth-based coordinate 
system using latitude, longitude, and coordinated universal time (UTC) 
from a GPS receiver. The positions are then converted to units of encoder 
counts for the two encoders used to detect the location of the collector on 
each axis.
 The controller compares the actual direction in which the collector 
is pointed to the computed position of the sun and then determines if it 
needs to be moved in a positive or negative direction to match its position 
with that of the sun. The motors then move at a speed proportional to the 
difference in the actual and computed positions. This process is performed 
at one-second intervals continuously throughout the day to track the sun 
accurately. The control board operates on a 12-V or 24-V dc supply and 
uses less than 2 watts. A photovoltaic solar cell can also be used to power 
the board.
 The control board allows a roof-mounted solar collector to concentrate 
visible sunlight into a bundle of plastic optical fi bers. The optical fi bers 
penetrate the roof via a four-inch diameter collector mounting post, 
and distribute the sunlight to multiple “hybrid” luminaires within the 
building. The hybrid luminaires blend the natural light with artifi cial 
light (of variable intensity) to maintain a constant level of room lighting. 
When sunlight is plentiful, the optical fi bers in the luminaires provide all 
or most of the light needed in an area. During times of little or no sunlight, 
a sensor controls the intensity of the artifi cial lamps to maintain a desired 
illumination level. Unlike conventional electric lamps, the natural sunlight 
provided produces little or no waste heat and is cool to the touch. This 

Figure 2. HSL 
control board.
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is because the system’s solar collector fi lters and removes the infrared, 
heat-producing light and the ultraviolet light from the spectrum, leaving 
only the desired visible light. HSL technology offers the potential to 
separate and use different portions of sunlight for various applications. 
Thus, visible light can be used directly for lighting applications while the 
infrared and ultraviolet light could be used for heating applications or to 
produce electricity.

System Advantages
 One hybrid lighting solar collector can power 8 to 12 fl uorescent 
hybrid light fi xtures or 30 to 40 incandescent accent lighting fi xtures, 
which can illuminate approximately 1000 square feet. HSL systems are 
highly effi cient and offer signifi cant energy savings by reducing lighting 
costs. In addition, there are several other advantages that HSL provides:

• Infrared and ultraviolet energy in sunlight is separated from the 
visible light, rather than being transmitted into buildings. Heating, 
ventilation, and air-conditioning (HVAC) loads are thus reduced by 
5 to 10 percent, compared with electric lighting systems.

• HSL systems are readily adaptable to the upper fl oors of commercial 
buildings with multiple fl oors, relatively low ceiling heights, and 
interior walls. A single system can distribute enough sunlight to 
illuminate several small rooms in a typical offi ce building.

• The concentrated light travels through optical fi bers that require 
little plenum space (the area between the roof and drop ceiling), so 
there is little competition with other building services, such as HVAC 
ducts, sprinkler systems, and electrical conduits.

• HSL can be used for diffuse ambient lighting as well as focused task 
and accent lighting.

• In retrofi t markets, HSL systems are easily incorporated into existing 
building designs, and the optical fi bers can be rerouted to different 
locations as lighting needs change.

• When sunlight is plentiful, the fi ber optics in the luminaires provide 
all or most of the light needed in an area. During times of little or 



11

no sunlight, a sensor controls the intensity of the artifi cial lamps to 
maintain a desired illumination level.

• The solar lighting component is easily “switched off” by moving the 
solar collector to an “off-sun” position.

MARKET POTENTIAL

 As more than half of all federal facilities are in the Sunbelt region 
(defi ned as having an average direct solar radiation of greater than 4 
kWh/m2/day) and as more than half of all square footage available in 
federal buildings is also in the Sunbelt, HSL is an excellent technology fi t 
for federal facilities.
 The HSL commercialization goal based on market analysis for general 
consumer use is an installed price of $3000 per 1000 square feet. In the initial 
product offering from Sunlight Direct, the installed price of $24,000 is less 
than half of the early cost projections for the technology. Sunlight Direct 
has a development plan that aggressively targets the commercialization 
cost goal of $3 per square foot of illuminated space. When that target price 
is reached, regions of the United States where electricity is most expensive 
could pay for implementing the new technology in just 2 to 3 years with 
the savings on electricity bills alone.
 In addition to the direct energy displacement savings from the 

Figure 3. HSL system installed at Sacramento Municipal Utility District 
(SMUD)



12 Energy Engineering Vol. 104, No. 4       2007

solar lighting systems, there are a variety of other factors that enhance 
the economic benefi ts of hybrid solar lighting. One of the initial target 
applications for hybrid lighting systems is in retail lighting applications 
that rely on direct lighting from incandescent sources.
 During the sunlit day, those sources can be dimmed or turned off 
altogether. When incandescent lamps are dimmed, fi lament temperatures 
decrease, extending the life expectancy of the lamps and reducing 
maintenance costs associated with relamping. Although skylights are 
widely used to include natural light inside buildings, they require large 
roof penetrations that add to the load on heating and cooling systems and 
are subject to water leakage. In contrast, the roof penetrations for hybrid 
solar lighting systems are few and small. Smaller penetrations and less 
leakage save money on the building’s heating, cooling, and maintenance 
bills.

Potential Candidates for HSL
 The fi rst commercial use for HSL will most likely be on the upper two 
fl oors of facilities having the following characteristics: (1) Sunbelt location 
in areas where daytime electricity prices are highest; (2) occupied every 
day, including weekends; and (3) in lighting applications where lighting 
quality (or color rendering) is important and less-effi cient electric lamps 
are currently used. Potential federal facilities for HSL include the following 
facilities in locations that meet one or more of the above characteristics:

• Federal offi ce buildings
• Training facilities at military bases
• Industrial processing facilities (postal service processing)

Federal Sites Savings Analysis
 The Sunbelt region is defi ned as the region of the U.S. that has an 
average direct solar radiation of greater than 4 kWh/m2/day (26 states). 
The high-sun region is defi ned as regions of the U.S. that have an average 
direct solar radiation of greater than 6 kWh/m2/day (10 states including 
CA, CO, HI, KS, NV, NM, NE, OK, TX, and WY).
 As the charts below illustrate, an excellent fi rst market for HSL would 
be federal facilities in the Sunbelt region (average direct solar radiation 
of greater than 4 kWh/m2/day). Chart 1 illustrates that 77 percent of all 
federal facilities are in the Sunbelt region. Chart 2 illustrates that 72 percent 
of the square footage available in federal buildings is in the Sunbelt.
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 Chart 3 looks specifi cally at one type of federal facilities: industrial 
processing facilities (this includes post offi ces where light quality is 
important). The chart illustrates that 68 percent of these federal facilities 
are in the Sunbelt region. Chart 4 illustrates the square footage of savings 
potential (0.71M) just in industrial process facilities in Hawaii. Nationwide, 
the market potential is 2.06B square feet in the Sunbelt. More in-depth 
analysis of savings potential by market segmentation is planned in 2007.

Chart 1
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ENERGY SAVINGS

 On a sunny day, one HSL system will deliver 50,000 lumens of 
sunlight, or the equivalent of 55 60-watt incandescent lamps (Figure 4). 
For buildings in the nation’s sunbelt that use incandescent lamps, which 
have a luminous effi cacy of 15 to 20 lumens/watt, this can result in two 
forms of energy savings.
 First, there is an energy savings of approximately 6000 kWh per 
year due to the reduced lighting needs. Second, there is an energy savings 
resulting from the buildings’ reduced cooling load. Because the HSL 
system delivers light with little to no infrared component, there is very 

Chart 2

Chart 3
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little waste heat. The additional energy savings depends on the cooling 
technology utilized, but is on the order of 2000 kWh per year, for a total 
energy savings of 8,000 kWh per year. The cost savings associated with 
this energy reduction will vary depending on local utility rates.
 As an example, for areas with high utility rates, the cost per kilowatt-
hour can be as high as $0.10. Therefore, over a ten-year period, an HSL 
system, working with incandescent lamps, can save a building occupant in 
these locations $8,000 per unit. Operation and maintenance savings—due 
to the reduced operating hours of the electric lighting—could account for 
another $2,500 over the same period. For large fl oor spaces of 100,000 to 
200,000 sq. ft., this translates into $1.1M to $2.1M of energy cost savings.
 Integrating HSL with fl uorescent applications has the potential to 
save building managers $500 per system annually with a life cycle of 20 
years and a system price of $4 per square foot (estimated for 2008).
 During 2005 and 2006 a fi eld trial demonstration program entitled the 
“Sunlight Inside Initiative,” will be implemented across the U.S. To date, 
12 sites have signed up to participate in the fi eld trial program (Figure 
5). Performance data from the fi eld trial program will be collected and 
published. If market projections are accurate, by the year 2011 HSL will 
be saving the nation over 50 million kWh/year while also dramatically 
improving lighting quality in commercial buildings. The U.S. Department 
of Energy’s Federal Energy Management Program is sponsoring one fi eld 
trial demonstration at a federal facility as part of this larger effort.
 Through commercialization efforts with industry partners, over 

Chart 4
Source: http://fempgis.pnl.gov/
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5000 hybrid solar lighting systems are projected to be installed by 2011 
in regions of the U.S. where solar availability and electricity rates make 
this technology cost effective to consumers. Developing an initial system 
tailored to commercial buildings with mixed fl uorescent and incandescent 
lighting (commonly found in retail applications) has been identifi ed as the 
most likely fi rst market for this technology. Given that market, a system 
cost goal of $4000 (installed) has been identifi ed as necessary to meet the 
previously stated energy savings by 2011.

Hybrid solar lighting technology could replace less effi cient conventional 
electric lamps
————————————————————————————————
  Typical energy
 Type of lighting effi ciency (approx. lm/W)
————————————————————————————————
 Incandescent 15
————————————————————————————————
 Fluorescent 75
————————————————————————————————
 Hybrid solar 200
————————————————————————————————

Figure 4. Comparison of lighting effi ciencies.

Figure 5. HSL demonstration sites.
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HSL SYSTEMS DEPLOYMENT STATUS

Other Applications
 There has been signifi cant interest in using hybrid solar lighting 
technology for growing plants/microorganisms in condensed-volume 
growth chambers. Growing organisms in a condensed volume cannot be 
done without the collection and controlled distribution of sunlight. The 
hybrid solar lighting system allows sunlight to be piped deep into a growth 
chamber and distributed as necessary. A hybrid lighting collector was used 
in an algae growth bioreactor as part of a carbon sequestration program 
at Ohio University. New solid state lighting (LED) hybrid luminaires are 
also being researched for increased energy effi ciency. Exciting new areas 
of R&D for Oak Ridge National Laboratory (ORNL) with industry and 
university partnerships include integration of photovoltaics with the 
hybrid solar lighting system for other technology applications, including 
space heating and water heating.

Market for HSL
 Artifi cial lighting is the largest component of electricity use in 
commercial U.S. buildings. In the United States, there is 72 billion square 
feet of commercial building space. Electricity use for artifi cial lighting 
in commercial building space costs building owners nearly $17 billion 
a year (personal communication, Energy Information Administration). 
Despite the high energy consumption, natural lighting from conventional 
options, such as skylights and windows, illuminates only a tiny fraction 
of the available commercial space. This limited use of natural lighting 
is a result of the architectural limitations of skylights and windows 
and the uncontrollable nature of the sunlight itself (i.e., it fl uctuates in 
intensity, and it can be highly directional, producing glare and unwanted 
heating).
 A signifi cant market exists for the HSL system, a natural lighting 
product that can offer the benefi ts of natural lighting while maintaining 
the fl exibility and control of artifi cial lighting.

Deployment Status
 During 2006, the licensee, Sunlight Direct, LLC, will install twelve 
hybrid solar lighting systems in buildings across the U.S. in a demonstration 
program called the “Sunlight Inside Initiative.” Performance data will 
be analyzed and published by ORNL, providing consumers with a fact 
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sheet on the full range of economic benefi ts associated with hybrid solar 
lighting.

Deployment Goals
 Sunlight Direct, LLC will be pursuing commercialization goals aimed 
at reducing the total cost of the system. Their 18-month development 
targets are shown in the Gantt chart, Chart 5.

Chart 5
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