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Executive Summary
Considering the appropriate Southern California climate and the huge challenge
UCLA faces to meet the aggressive policies set by the UC Policy on Sustainable
Practices, solar programs will be critical as we move toward a more sustainable UCLA.
All projects outlined in this report provide opportunities to take steps toward the UC
Policy on Sustainability goals while maintaining reasonable payback periods.
Solar (photovoltaic) panels could be mounted on parking garages to produce
green electricity for UCLA. We estimate that the payback period for a cash purchase of a
large solar panel system to be between 14 and 22 years. Financing agreements can be
structured to pay for a system over time, but current tax codes and LADWP policy make
this option unavailable to UCLA. If a cash purchase is not a viable option for the
University, a financing agreement may become available in the next few years.
Green roofs are another option to harness solar energy and increase building
efficiency. This is particularly attractive as UCLA seeks to retrofit and LEED-certify
existing campus buildings within reasonable payback periods. The precise costs (and thus
payback period) are dependent on the type of roof selected, the scope of the installation,
and the accounting methods employed to measure the cost savings. There is a project in
development for the roof of the public policy building; as it progresses, it should provide
further information about specific costs and returns on campus.
Solar air and water heating systems provide additional energy-saving possibilities.
Solar air heating may provide a reasonable payback if used to replace or augment electric
heaters. Solar water heating is one of the most efficient ways to utilize solar energy.
UCLA already has several solar water heating systems; however there are many more
locations on campus where solar water heating could be used.
This report describes several systems that could make more efficient use of the
solar energy delivered to the campus. Whether converting solar radiation to electrical
energy or thermal energy, or whether avoiding solar gain by using shading and insulating
techniques, UCLA has many opportunities to reduce its power usage and carbon
footprint. While the systems described herein are proven technologies with proven
benefits, it is critical to consider the financial and construction limitations involved in
each specific potential installation. This report attempts to address the relevant
considerations and help inform where installation of these systems would be most
appropriate.
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Solar in Los Angeles
UCLA is geographically well positioned to utilize solar energy for increased
energy efficiency and production. The total potential efficiency/energy created by solar
technologies is limited by the amount of solar radiation available at the earth’s surface.
Cloud cover, latitude, and season affect surface solar radiation. For example, there is less
available surface solar radiation in a given day during the winter when days are short and
the sun stays low in the sky than during the summer when days are longer and the sun is
higher in the sky. The main UCLA campus is located slightly inland and at 34°N, with a
microclimate that minimizes cloud cover during the year. Solar technologies would be
less efficient closer to the coast at UCLA’s medical facility in Santa Monica. Figure 1
shows the annual average daily solar radiation for a flat-plate collector1 facing south at a
fixed tilt equal to the latitude of the site (the tilt maximizes the amount of solar radiation
captured by the collector). Note that Southern California has more available solar
radiation per day during the year than the Northeastern United States.
It is interesting to note that solar energy is highly utilized in Europe, despite the
limited availability of surface solar radiation in comparison to Southern California
(Figure 2). When measured by the worst day of the year, Southern California receives
more solar energy (in kWh/m2/day) than Germany and Japan, the two leading countries in
solar power per capita in the world.2 UCLA could become a leading example of a major
University utilizing solar power.

Incentives:
UC Policy on Sustainable Practices
Currently the UC System is building momentum towards sustainable campuses. As part
of this thrust, the office of the president has set an aggressive policy on sustainability.3
The UC Policy on Sustainable Practices sets goals for green house gas (“GHG”)
reductions and for increases in renewable energy. In order to meet these goals, UCLA
must achieve a reduction of GHG emissions to 2000 levels by 2014 and to 1990 levels by
2020. In addition, UCLA must receive 10% of its energy from renewable sources by
2010. UCLA is already making changes to increase energy efficiency on campus, such
as retrofitting the HVAC (heating, ventilation, air-conditioning) systems and installing
lighting occupancy sensors in the rooms and hallways. Although these changes will
significantly lower GHG emissions, in order to reach both of these aggressive goals
UCLA will need to find more innovative ways to reduce energy consumption and
increase green energy production.
In addition to climate-related policies, the UC Policy on Sustainable Practices, as
part of its sustainable operations section, requires campuses to achieve a LEED
(Leadership in Energy and Environmental Design) existing buildings certification for
eligible buildings. Since a sizable portion of the points awarded under the LEED system
1

A “flat plate collector” measures the amount of solar radiation incident on a flat plank. Curved surfaces
can be utilized to focus solar energy at specific points. A flat plate collector has to be mounted at a tilt to an
un-graded surface to maximize the amount of solar energy captured.
2
As measured by total installed PV systems per capita in reporting countries at the end of 2005. The
dataset from the International Energy Agency is available at: http://www.iea-pvps.org/isr/01.htm.
3
A copy of this policy can be downloaded at the UCLA sustainability website:
http://www.sustain.ucla.edu/committee/reference_documents.php.
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relate to energy production and efficiency, the measures taken to meet the climate policy
goals will also apply for the LEED certification. Considering the difficulty in meeting
these aggressive policies and the appropriate Southern California climate, solar programs
will be critical to achieve these goals.
Economic Benefits
UCLA's energy prices are going to continue to rise over the next decade. Over 70% of
UCLA's power comes from the on-campus co-generation plant. This plant runs on
natural gas, making UCLA energy prices sensitive to increases in the cost of natural gas.
Moreover, natural gas prices are projected to increase from its current 2007 price of about
$5 per thousand cubic feet (“Mcf”) to around $7 per Mcf (2006 dollars)1. Utilizing solar
may help reduce the impact of increasing energy costs. Any solar program, after the
initial installation, will not be subject to changes in resource price. This will help
stabilize energy costs for future years. In addition, aside from minimal maintenance, the
energy generated (or saved) from the implementation of a solar program has no
additional cost after the initial installation. Therefore, based on savings or power
generated, in many cases solar systems have a payback over time. Projects discussed in
this paper provide the simple payback period. Since changes in energy costs are not
robustly modeled here, the payback periods are likely shorter than our projections
stemming from the increase in energy costs overtime.
LEED Certifications
In order to meet the LEED-EB (Leadership in Energy and Environmental Design –
Existing Buildings) standards for campus buildings, retrofit projects will most likely be
necessary. Many retrofit projects that award LEED-EB points have no direct savings
associated with the project. For example, 1-5 points are awarded for optimizing the use
of alternative materials for operations, maintenance and upgrades2. Materials such as
Forest Steward Council certified wood cost more to use, but provide no direct return on
investment compared to using uncertified wood. Therefore, a solar installation may be a
more economically desirable way to receive LEED-EB points.
Carbon Emission reductions
Achieving the level of GHG reductions required by the UC Policy on Sustainable
Practices will require retrofit projects and new policies in all areas of campus operations.
Logically, the projects with the shortest paybacks will be performed first; however, many
of the larger changes that are required will take several years to implement. Considering
the short time to reach the GHG reductions many projects will need to be planned and
implemented simultaneously. Therefore, even projects with longer paybacks will need to
be planned and implemented rapidly.

1

These projects are based on the 2007 Final Natural Gas Market Assessment by the California Energy
Commission.
2
Green Building Rating System For Existing Buildings. Upgrades, Operations and Maintenance. Version
2. July 2005.
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Solar Projects
Photovoltaic Technology (Solar Panels): Renewable Energy Production
Description of How Solar Panels Work: Photovoltaic (“PV”) Technology refers to the
conversion of light into electricity. PV cells or panels are positioned to capture the
maximum amount of solar radiation to convert it into DC power. An inverter must be
connected to the solar panels to convert the DC power into AC power (the standard
electrical current for power usage in the U.S.). An electrical panel connected to the
inverter can then redirect energy to power a building, or be plugged back into the utility
grid to sell electricity back to the utility company (a standard utility meter can help track
electricity use to compare it to that which is generated to calculate the energy provided to
the utility company).
Solar panels can be mounted in any location that has direct sunlight for most of
the day during the entire year. Shade from trees and adjacent buildings/structures must be
taken into account when choosing an optimal location for solar panels. Panels should be
southward facing to capture sunlight throughout the entire day. Panels should also be
tilted approximately 30° for optimal energy production. When mounted onto a manmade
structure, the age and usable life of the structure must be taken into account as solar
panels have an average life expectancy of 30 years. It is difficult to make large
construction repairs to a roof with a large solar panel system in place. For a given
production site, a minimum of 40,000 square feet of available space is ideal for a
commercial project to provide economic benefits.1 Building engineers must also be
employed to ensure that any building sites can handle the increased weight of a PV
system. If a large cleared land surface is available, a PV system can be constructed on the
ground. PV systems on the ground can be built to change their tilt angle during the course
of the day to follow the sun as it moves in the sky to maximize energy production. It is
generally less costly to install a PV system directly on the ground, but most sites do not
have unutilized ground area available. 2
Cost Considerations: There are three different ways to implement a PV system on an
available site: an upfront cast purchase, power purchase agreement, or leasing agreement.
Each purchase agreement will require different cost structures and LADWP3 incentives
(Table 1). The total dollar cost of implementing a PV system at UCLA will include the
cost structure over time minus the LADWP incentive structure. Universities are unable to
realize the 30% federal tax credit for building a system on their own. Financing plans
called Power Purchase Agreements (“PPAs”) and leasing agreements exist in Southern
California to allow a purchaser to realize the cost savings associated with the federal tax
credit, pay for a system over time, and transfer system risks to a third party.
A financing agreement is economically more attractive to UCLA than an outright
cash purchase, but barriers currently exist to its implementation. California State
University, Chico implemented a PPA with SunEdison, and have estimated annual
energy cost savings of $285,000 (see Appendix D: Case Studies of PV Systems). The
cost savings associated with the federal tax credit offset the interest rates associate with
1

Gates, Bryan from Sunpower Corp., personal communication, February 20, 2008.
Gates, Bryan.
3
The LADWP is UCLA’s power company. The LADWP will provide cash incentives for the construction
of new PV panels.
2
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paying for the PV system over time, resulting in a PPA being less costly than an outright
cash purchase. Chico State found the PPA structure to be the most economically
attractive for this reason. Unfortunately, the LADWP does not presently allow PPA
customers to receive LADWP incentive payments,1 which can be worth up to 50% of the
system cost. The utility has also yet to approve the implementation of a PPA for a large
system as they consider such agreements to be in direct competition with their business.2
A leasing agreement could be implemented to collect the LADWP incentive payments
and potentially realize the federal tax credit, but such structures have yet to be reviewed
on a large scale by the IRS and could pose future tax risks if the IRS makes an
unfavorable ruling. Major PV providers like SunEdison are constantly reviewing various
financing plans that could appeal to the IRS and be approved by the LADWP in the near
future.3
The LADWP Solar PV Incentives Program is in its nascent stage and may be
subject to change (the current form of the solar agreement only became effective in
October of 2007). The current difficulties associated with financing plans most likely
inhibit UCLA from their implementation in the short term, but do not preclude their use
in the future as the LADWP program and IRS guidelines evolve. In the event that the
LADWP approves PPAs or the IRS makes a direct ruling on the leasing of large scale PV
systems, such purchase agreements will likely be the most attractive options for UCLA as
they allow for the realization of the 30% federal tax credit and LADWP incentive
payments, the system can be paid over time, and the solar company retains performance
risks. Given the current LADWP Solar PV Program Guidelines and IRS rulings, the most
likely form of a PV purchase agreement for UCLA is an upfront cash outlay.
Cost Calculations: Due to the lack of detail in the available PV system pricing computer
software, we have calculated the cost for a system that covers 100,000 square feet of
unshaded area. A PV system covering 100,000 square feet of unobstructed roof space
should produce roughly 1 mWh of energy on an average day.4 Using the Microsoft case
study as a test of this number (see Appendix D: Case Studies of PV Systems), 1 mWh of
energy was produced over 65,000 square feet of ideal rooftop. The outright cash purchase
of a 1 mWh system will cost between $8.5 million and $10.5 million.5 The total
installation cost adjusted for the LADWP incentive payments are given in Table 2 (also
see Appendix A: Calculations and Model Output for a 1mWh PV System).
Energy: The 1mWh PV system will produce 1,806mWh per year. PV systems are usually
guaranteed for 20 years and usable for an estimated 30 years.
CO2 Reductions: Using the California state-level conversion of kWh to pounds of
carbon, the PV system will reduce UCLA’s annual carbon output by 500 metric tons a
year.

1

Information from LADWP, “Solar Photovoltaic Incentive Program Guidelines”, revised August 2007, pg
17, section 2.11. Available at: http://www.ladwp.com/ladwp/cms/ladwp009742.pdf.
2
Reed, Scott from SunEdison, personal communication, February 15, 2008. Also confirmed by Gates,
Bryan.
3
Reed, Scott.
4
Rough estimation provided by Gates, Bryan.
5
Caling, James from Ecostream, personal communication, February 15, 2006.
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Payback: Using conservative assumptions1 for installation and electricity costs, the
payback period for a 1mWh system is 21.9 years. Assuming that the cost of electricity
increases by 3% per year, the payback period reduces to 17.1 years. Given that electricity
can cost up to 17.8 ¢/kWh during the peak hours of the day, if we assume higher
electricity costs, the payback period can be reduced to under 15 years (reference
Appendix A, Tables 4 and 5 for paybacks over time). PV systems are guaranteed to 20
years, but may work for as long as 30 years. A PV system will likely produce net savings
for UCLA during its entire usable life.
Potential Site Locations: There is roughly 788,000 square feet of exposed parking garage
rooftop surface area on UCLA’s main campus that could be used for the construction of a
PV system (reference Table 3 and Appendix C for a map of campus and parking
garages). Given that a minimum of 40,000 square feet of unshaded area is ideal for a
cost-effective PV stand-alone system, all of the lots except for P5 could work. Due to the
need for inverters and grid boxes to convert the electricity produced from the panels and
redirect it, it would be ideal to place PV panels on multiple buildings that are close
together to share inverters/grid boxes to maximize energy production and minimize extra
costs. Given this consideration, the optimal location for panels would be on parking lots
P8, P6, and P9 (approximately 320,000 square feet in total), or on the large stand-alone
structures of P1 and P2 (approximately 100,000 square feet each).
Green Roofs
Description: Since their development in Germany in the 1960s, green roofs have become
increasingly popular throughout Europe and are finally beginning to gain traction here in
the U.S., most notably in Chicago and Portland. It is estimated that 10% of all German
roofs are now green. Companies throughout the world are embracing them, from Ford in
Dearborn, MI to KPMG in Düsseldorf, Germany to the Gap in San Bruno, CA. Here in
Los Angeles, the city commissioned a report in 2006 outlining their economic,
environmental, and social benefits, associated costs, and their construction.2 With their
positive impacts and the variety of technologies available today, green roofs should be
considered a viable option for the greening of UCLA’s campus. 3
Green roof systems sustain the presence of living vegetation covering a critical
area of a building’s roof. To do so, they employ a high-quality water-proofing and root
repellent system, a drainage system, a filter cloth, a lightweight growing medium, and
plants. Green roofs are categorized as “intensive,” “extensive,” or “modular.” Intensive
green roofs are heavy, needing significant amounts of soil to grow large plants, lawns,
vegetables, and even trees, and add a considerable weight load (typically from 80 to 150
pounds per square foot). They also require a high degree of maintenance, needing regular
irrigation and feeding.
In contrast, extensive roofs are the simplest of the green roof types and are nearly
self-sustaining (Figure 3). They consist of three to four inches of growing medium
1

Assume net system cost of the median price of $4.9 million and average cost of electricity of 12.5 ¢/kWh
over 15 years.
2
“Green Roofs – Cooling Los Angeles: A Resource Guide,” Environmental Affairs Department, City of
Los Angeles, 2006.
3
A project studying the feasibility of installing a green roof on Public Policy Building is underway. Please
see Appendix E for further details.
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(typically soil, specially-formulated composts or rockwool) planted with wind- and
drought-tolerant succulents or grasses. Likewise, the maintenance needs are simple:
extensive roofs require minimal weeding and fertilization.
The third category of green roofs, modular roofs, are available in prepared,
interlocking grids or trays. Each tray is complete with drainage layers, filter cloth,
growing media, and vegetation.
Roofs that are flat or pitched may be “greened,” though different challenges are
presented for each. Roofs with slopes greater than 20 percent require anchoring, and
roofs with slopes less than 10 percent require drainage solutions. This is not to say that
roofs outside of this 10 to 20 percent range aren’t feasible; simply one must recognize
that there are incremental costs involved.
Costs and Economic Benefits: The cost of installing a green roof ranges from $15 to $25
per square foot for complete roof replacement, and from $10 to $15 per square foot when
included with a new construction (Figure 4). In greening their roof, Chicago’s City Hall
spent $1.5 million, or about $75 per square foot (the project utilized both intensive and
extensive techniques). On the other end of the cost spectrum, Portland spent only $17 per
square foot in building the Multnomah County Building’s green roof.1 Clearly, the costs
of such projects vary widely, and depend on the complexity and scope of the plans.
Whatever the cost, we should keep in mind that green roofs extend the life of any
underlying roof by two to three times (more on this in the following section). When we
take this into consideration in looking at costs, and annualizing costs over the entire life
of the roof, we see that the costs come down. Estimates show that annualized costs range
from $1.03 to $1.66 per square foot for a new roof and $0.51 to $1.74 per square foot for
a re-roofing project (Figure 4).2 A rough breakdown of costs can be found in Figure 5
and Figure 6.
There are a number of economic benefits associated with green roofs that offset
the initial construction costs. As briefly mentioned in the preceding section, green roofs
extend the life of the underlying roof by two to three times.3 Green roofs shield and
protect the waterproof membrane from the elements, drastically reducing the damage that
is inflicted upon them. This, of course, has the fortunate impact of mitigating
maintenance, repair, and replacement costs.
By installing green roofs, buildings see their energy consumption and associated
costs decrease. Green roofs insulate buildings by reducing the amount heat from moving
through the roof. Environment Canada found that by creating a grass roof with 3.9
inches of growing medium on a typical one-story building, a 25% reduction in energy
expenses related to building cooling will result. Similarly, Karen Liu of Environment
Canada found that an extensive green roof with 6 inches of growing medium will reduce
heat gains by 95% and heat losses 25%. Typically, energy savings on cooling are 50%
for the floor immediately below the roof.
Additional economic benefits include:
o Potential to reduce the size of HVAC equipment on new or retrofitted buildings
o Potential to reduce the amount of standard insulation used
o Potential to reduce or eliminate roof drains
1

See Appendix E for a case study.
Bureau of Environmental Services, Portland.
3
Study conducted by Penn State’s Green Roof Research Center
2
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o Potential for grants related to energy efficiency and/or green roofs
Logically, savings are dependent on the character of the roof installed and the climate.
LEED Benefits: Green roofs can contribute to up to 15 credits under the LEED
certification system. Direct LEED points can be awarded in the following areas:
o SS credit 5.1: Protect or Restore Habitat
o SS credit 6.1: Quantity Control
o SS credit 6.2: Quality Control
o SS credit 7.2: Heat Island Effect: Roof
o WE credit 1.1: Water Efficient Landscaping
o Innovation in Design
A green roof covering at least 50% of a roof’s surface will earn a building two LEED
rating points: one for urban heat island reduction and one for storm water management.
Sound Insulation: Green roofs have the ability to provide greater sound and heat
insulation. Sound waves are absorbed, reflected, or deflected. The substrate blocks
lower sound frequencies, while the plants block higher frequencies. Studies have shown
that a 4.7-inch substrate can reduce sound by 40 decibels and a 7.9-inch substrate can
block sound by 46-50 decibels.1
Air Quality Benefits: It has been found that green roofs can promote cleaner air. One
square meter (10.76 square feet) of grass roof can remove approximately 0.2 kg of
airborne particulates from the air every year.
Stormwater / Runoff Benefits: In the summer green roofs, on average, retain 70-90% of
the precipitation, while in the winter they retain 25-40%. Because of this property, they
are able to reduce the amount and speed of stormwater runoff, relieving stress on sewer
systems (Figure 7). Because of this, a UCLA green roof may be eligible for reductions in
stormwater / wastewater charges from Los Angeles.
In addition to restricting the volume of stormwater runoff, green roofs also create
cleaner runoff: they remove approximately 95% of its cadmium, copper and lead and
retain these pollutants in their soil. Additionally, they eliminate the 30% of the nitrogen
and phosphorus contained in urban area runoff that is believed to be from the dirt other
particulate matter that coats rooftops (Figure 8).
Temperature Regulation: Green roofs are able to cool their environments through the
daily dew and evaporation cycles. One square meter of leafage can evaporate .5 liters of
water daily or 700 liters annually. This process helps to reduce the Urban Heat Island
effect (UHI), which is defined as the difference in temperature and the surrounding
countryside. This effect is attributed primarily to the expanse of hard and reflective
surfaces (like roofs), which absorb solar radiation and re-radiate it as heat.
By greening roofs, cities can go a long way toward reducing UHI. The
temperature of Chicago’s City Hall’s green roof is 20-80 degrees Fahrenheit cooler than
it is on neighboring traditionally roofed buildings.
A 2000 study by Berkeley National Laboratory’s Heat Island Group found that
increasing the reflectivity of manmade surfaces and adding vegetation over just 15
percent of the convertible area in the Los Angeles Basin would reduce summer
1

Green Roofs for Healthy Cities. Web address: greenroofs.org
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temperatures by 6 degrees Fahrenheit. Further estimations suggested that due to the
dependence of smog on temperature, ozone (the chief component of smog) would be
reduced by about 10%. And as the high temperature in Los Angeles has increased from
97 degrees Fahrenheit in 1937 to 105 degrees Fahrenheit in the 1990s, the cooling effect
is needed direly.
HVAC heating supplement: Solar-heated air collectors
Description: Solar air heating is a solar technology, which is gaining momentum for
residential applications as well as commercial and governmental applications. For
example, FedEx uses solar air heating to heat their distribution center in Colorado (See
Appendix F for case study). Solar air heating is an attractive alternative to PV panels
because it provides an opportunity to take advantage of solar energy without the loss of
efficiency due to conversion to electrical current. Solar air heating generally is best for
climates where heating is required most of the year; however, solar air heaters may be
cost-effective even in warmer climates for places where indoor air quality is a concern or
for heated spots with poor heat retention (ex. information kiosks). For locations with
these conditions, UCLA may find solar air heaters a viable option.
There are two types of solar air heating: air collectors, which use air to capture the
solar heat, and liquid collectors, which use water or anti-freeze to collect the heat.
Regardless of type, the collectors heat up the medium (air or liquid) inside the panels and
a small PV power fan then transfers the heat inside the building based on the temperature
settings of the integrated thermostat. No AC hookup is required. One of the very
attractive features of solar air heating is that it requires little-to-no equipment, aside from
the panels themselves, to operate. As a result, the systems are extremely simple to install
and have very few parts that would require maintenance. Solar air heating systems work
in conjunction with, but independently from, other heating and cooling systems; however,
it is possible to integrate the systems into existing HVAC systems. Another attractive
feature is that the systems are very modular. All components are contained within a 1 or
2 panels. This means there are no additional costs or losses in efficiency resulting from
scaling project size up or down. In addition, large continuous surfaces are not necessary
since there is no need for shared inverters or connections to the power grid.
Cost: A complete system from Your Solar Home Inc. (designed for 1,500 sq.ft. room)
costs $2,866. Orders can be placed directly with the manufacturer. Other product lines
are similarly priced. Installations are quick and can be done by campus staff. The
manufacturers sell these systems suitable for self-installation by home or business
owners. Estimates for a 2-panel installation is 2 hours. Other than the cost for the
location planning and installation, there are no other upfront costs.
Economic Benefits: The Solarsheat 1500 system from Your Solar Home Inc. is SRCC
(Solar Rating and Certification Corporation) rated at 1.5 KWH and 5118 BTU/HR and is
quoted as being 49% efficient. Payback depends on how much of the year the system is
generating heat and the type of heating being replaced/supplemented by the solar system.
If the solar system is used to supplement a gas boiler and only is used during the winter
months, then the system’s payback period is very lengthy: about 60 years. However, if
the solar system is replacing electric heating the payback period is closer to 10 years
(Table 4).
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CO2 Reduction Benefits: Based on using the U.S. Department of Energy’s Energy
Information Administration’s State-level Greenhouse Gas Emissions Coefficients, each
2-panel Solarsheat 1500 system saves 790 to 1100 pounds of CO2 emissions per year
based on 3-4 months of use.
LEED Benefits: LEED-EB has energy efficiency minimum requirements and awards
points for green energy generation and energy efficiency. Adding solar air heating
systems would add to the energy efficiency of the building, which would contribute to the
minimum requirements and add to the overall Energy Star score. 1-10 LEED-EB points
are awarded based on the building's Energy Star rating. In addition, 1-4 points are
awarded if 3-12% of the total energy used is generated on site. Since the Solarsheat 1500
system is SRCC rated, it would count as generated energy.
Air Quality Benefits: A solar air heating system that uses outside air, rather than
recirculating indoor air, will contribute to the amount of fresh air inside the facility being
heated while maintaining energy efficiency.
Potential Site Locations: Any non-decorative south-facing wall that receives direct
sunlight is ideal. Information/parking kiosks provide a great setting for these systems.
Firstly, they are in operation mostly during daylight hours. Some additional heating may
be required in the early morning or later evening. However, no heating is required
overnight. Secondly, these locations must use electric space heaters to provide heating,
which tend to be less economically efficient and to create more CO2 emissions than a
boiler system. Lastly, since the doors are kept open most of the time, when heating is
required, the heaters likely will be run constantly, resulting in low heat retention. Other
locations with some similar qualities would be loading docks, storage facilities, lecture
halls, and gymnasiums. Some examples: Pauley Pavilion's south facing wall at the second
story level or roof mount; Southern Regional Library Facility's south facing walls;
Knudsen Hall/Kinsey Pavilion's south facing wall of the Kinsey Pavilion lecture halls.
Product Specifications: See Appendix G: Sample Product Specifications.
Solar Water Heating
Description: Solar water heating technology has been around for a long time and still
remains one of the most cost-effective ways to utilize solar energy. Most typical
residential systems reduce water-heating costs by two-thirds. For larger installations the
savings depends on system size and hot water demand. Solar water heating systems can
be found all over the country including here at UCLA. UCLA has been utilizing solar
water heating for over 20 years1. Currently there are several large systems on the
residence hall buildings, which serve several different facilities on campus. There are still
further opportunities to take advantage of solar water heating on campus.
Like solar air heating, solar water heating collects and uses solar energy without
converting the energy into electrical current. Solar radiation is collected either by
moving potable water directly through the panels or by using an anti-freeze solution and
then transferring the heat energy. The other major difference between systems is in how
the water is circulated through the panels. Systems can either use “forced circulation”,
1

Radford, George, from Radco Solar, personal communication. March 2, 2008.
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which pumps water through the panels, or “passive circulation”, which uses gravity or a
thermosyphon to circulate the water. The current systems at UCLA heat potable water
directly and use forced circulation. UCLA's current systems pump the solar heated water
from the panels into a hot water tank that feeds into a gas boiler. The solar heated water
enters the gas boiler 20-30 degrees warmer than the incoming city water. The boilers only
need to raise the temperature another 20 degrees to get the water to the desired
temperature. A similar system can be used for heating pools in addition to piped hot
water. As with green roofs, weight can be an issue for solar water heaters. The materials
of the panels are heavy as is the water running through the panels. The current 125-panel
system on Dykstra Hall holds 8000 gallons of water on the roof at a time.
Costs: The price for the panels is similar to those of the ones currently used at UCLA (a
4' x 8' panel), which currently cost about $1000 per panel. Larger panels cost more;
however, for multiple panel systems, using larger panels can be more cost-effective. The
price depends on the current price of the raw materials (especially copper and aluminum)
and on the type of finish on the panel surface1. A black chrome finish is more expensive
than a flat black paint finish, but it is also more efficient. A contractor is necessary to
install a large project such as the current systems on campus. Installing another 125
panel system costs about $145,000, which breaks down as follows: $125,000 for the
panels, $10,000 for substrate and hardware, $5,000-8,000 for piping, 2,000 for the control
device and wiring. If roof spacing permits, $5,000 to $10,000 dollars could be saved by
increasing to 4’ x 10’ or 4’ x 12’ panels.
Economic Benefits: The SRCC rating for each panel varies depending on manufacturer,
size of the panel, and panel surface type. The rating for the panels currently used on
campus is 8.79 kWh per day. This means a 125-panel system, such as the system on
Dykstra Hall, captures over a megawatt of heat energy per day. The payback period will
depend greatly on the cost of natural gas prices. Using a heating value of 1000 Btu per
cubic foot of gas, a 125-panel system will save about $6,840 in natural gas per year at $5
per Mcf. At $7 per Mcf the savings per year increases to $9580. Therefore if gas prices
rise to $7 per Mcf over the next 10 years as projected, the average yearly savings over the
next 10 years is about $8210 per year. Depending on the panel size used, the payback
period is about 16 to 17 years; however, this estimate does not include increasing gas
prices after the 10-year projection period made by the California Energy Commission. As
such, the payback period is likely even shorter.
CO2 Emission Reductions: EPA assumes an emission factor of 120.61 pounds of CO2
per 1 Mcf of natural gas. Based on this emission factor, a 125 panel solar water-heating
systems saves 74.7 metric tons (165,000 lbs) of carbon emissions each year.
LEED-EB Benefits: The potential LEED-EB benefits are the same as those listed for the
solar air heating. The number of points awarded would depend on what percentage of the
total building's energy the solar heating system would generate and how many points it
increased the ENERGY STAR building rating.

1

Radford, George.

12

Conclusions / Recommendations
In the long run, UCLA will likely have to implement the use of PV panels to reduce
greenhouse gas emissions. In the short term, a PV system is no economically ideal. At the
time of the writing of this document, the only payment structure available to UCLA
without tax risk is a cash purchase of a PV system. The estimated payback period for a
$9.5 million 1mWh system is between 14 and 22 years. Most systems are guaranteed for
20 years and have an estimated lifetime of 30 years. Given the longevity of a PV system,
a payback period in the double digits does not imply that the system will not produce
economic benefits in the long run. A PV system will produce electricity annually that is
valued in the several hundred thousand dollars. Due to current budget constraints
however, UCLA is unlikely able to purchase such a large PV system in the near term.
However, given the recent growth in the solar industry and increased demand for solar in
the LADWP district, UCLA’s utility company may change its policy in the coming years
to allow for power purchase agreements like the one structured for Chico State. Members
from UCLA’s Sustainability Committee may wish to begin dialogue with the LADWP to
urge them to change their policies, thereby making the construction of a PV system on
campus economically attractive.
Green roofs should be considered for UCLA’s campus, particularly for buildings that are
being retrofitted in order to be LEED-EB certified. In addition to the LEED credits they
can help guarantee, green roofs also offer a number of benefits, both economic and
environmental. For a retrofitted green roof, annualized costs over the life of the roof
average between $0.51 and $1.74. In order to assess cost and return implications more
specifically, a green roof specialist should be consulted to give precise estimates for the
particular building and its location.
Even with the installation of a PV panel system, solar water heating should be expanded
on campus. Solar water heating has a payback period of around 16 years even without
any rebates. In addition, UCLA has already been using these systems for over 10 years.
Solar Air heating may not be cost effective in many locations on campus; however, due
to the low cost and simplicity in installation it should be considered for locations utilizing
electric heating. An inventory of where electric heaters are used on campus should be
conducted and where feasible, these systems should be used to supplement or replace
electric heaters.
The implementation of the above considerations will require coordination among several
parties across the UCLA campus to assess their tangible and intangible feasibilities.
Monetary payback and construction limitations are common concerns that must be
immediately explored. These proposals should not be assessed on a stand-alone basis, but
should be considered as individual parts of a larger, comprehensive strategy to increase
energy efficiency and building performance. One must keep in mind all of the benefits
that will accrue from these and other sustainable programs, including benefits for the
environment, benefits for the users of the campus, and enhancement of the reputation of
UCLA and the entire UC system.
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Glossary of Terms
Btu: British Thermal Unit. A measure of Energy production/consumption. 3413 Btu
equals 1 kilowatt hour
Electrical Panel: An electronic piece of equipment that connects to the inverter to
redirect energy to power a building, or to redirect the energy into the utility grid to sell
electricity back to the utility company
Inverter: An electronic piece of equipment that converts DC power from a PV panel into
AC power (the standard form of electricity used in the United States)
kWh: This abbreviation stands for “kilowatt hour”, a unit of energy per one hour. 1
kilowatt equals 1,000 watts
Mcf: 1,000 cubic feet (of natural gas)
mWh: This abbreviation stands for “megawatt hour”, a unit of energy per one hour. 1
megawatt equals 1,000 kilowatts
Photovoltaic (“PV”) Technology: This refers to the conversion of light into electricity.
PV cells or panels are positioned to capture solar radiation and convert it into electricity.
SS Credit: LEED credits that fall into the “Sustainable Site” category. This category
includes: stormwater drainage, heat island effect, light pollution, etc.
WE Credit: LEED credits that fall into the “Water Efficiency” category. This category
includes: landscaping, plumbing, wastewater technologies, etc.
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Tables and Figures

Figure 1: Annual average daily solar radiation. Units are given in energy (kilowatt
hours or kWh) per square meter, per day. Map available at:
http://nationalatlas.gov/articles/people/a_energy.html.

Figure 2: The average amount of solar radiation received during a day in the worst
month of the year. Units are given in energy (kWh) per square meter, per day.1

1

Ecostream. “Technology - Using Solar Technology.” Accessed February 5, 2008.
http://www.ecostream.us/index.php?option=com_content&task=view&id=637&Itemid=2351&lang=en
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Purchase
Agreement

Cash
Upfront

Power
Purchase
Agreement
(“PPA”)

Leasing
Agreement

Cost Structure
• Pay for system upfront in a single
capital outlay
• Pay for system monitoring over time

30% Federal
Tax Credit
• Unavailable to
Universities

•

•
• System cost is paid for by a third
party
• Pay for system over time
• Currently unable to implement a PPA
with the LADWP
• Payments can be based on energy
production from the equipment; if a
system does not produce as promised
by the installer, the purchaser does
not have to pay
• System cost is paid for by a third
party
• Pay for system over time
• Lease payments may not be based on
energy production from the
equipment (interpreted as retail sale
of electricity); PPAs do not have this
requirement

LADWP Incentive
Structure
Incentives provided per
kWh produced assuming
the system is used for 20
years
The incentives cannot total
more than 50% of the gross
cost for the system
Not available for PPAs
Currently an unapproved
purchase agreement, as the
payment schedule is
considered a purchase of
electricity from a
competitor and not an
electricity generation
scheme

• Available to
for-profit
entities, will
translate to a
reduced
upfront cost of
the system for
the third party

•
•

• Available to
for-profit
entities, will
translate to a
reduced
upfront cost of
the system for
the third party

• Incentives provided per
kWh produced assuming
the system is used for 20
years
• The incentives cannot total
more than 50% of the gross
cost for the system

Table 1: Purchase agreement options for PV systems available from the major solar
companies.

Installation Cost
$8,500,000
$9,500,000
LADWP Incentive
(4,250,000)
(4,551,984)
Net System Cost
$4,250,000
$4,948,016
Table 2: Net system cost after LADWP incentive payments.

$10,500,000
(4,551,984)
$5,948,016
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Available Surface Area
Lot
(square feet)
P1
119,205
P2
101,556
P3
68,569
P5
25,380
P5-second area
17,264
P6
62,496
P8
217,000
P9
87,487
PCHS
89,387
Total Area Available
788,344
Table 3: Estimation of total surface area available on the rooftops of all parking
garages on UCLA’s main campus. Due to shading from existing buildings and trees
and structural variations in the rooftops, the actual total available surface area may
be lower.

Num. of
12h days
358
317
275
233
192

Hours of
Operation
w/ daylight
4300
3800
3300
2800
2300

Savings/year:
10 cents
KWH
645
570
495
420
345

Years for
Payback
(10c KWH)
4.4
5.0
5.8
6.8
8.3

Savings/year:
14 cents KWH
903
798
693
588
483

Years for
Payback (14c
KWH)

150
108

1800
1300

270
195

10.6
14.7

378
273

7.6
10.5

67
25

800
300

120
45

23.9
63.7

168
63

17.1
45.5

3.2
3.6
4.1
4.9
5.9

*Calculation based on SRCC 1.5 KWH rating

Table 4: Payback calculations for Solar Air Heating when replacing electric heating
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Figure 3: Section view of a typical extensive green roof. Source: Bureau of
Environmental Services, Portland.

Figure 4: Cost comparisons of green roofs vs. conventional roofs. Source: Bureau of
Environmental Services, Portland.
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Figure 5: Typical costs associated with an inaccessible extensive green roof. Source:
Peck, Steven and Monica Kuhn, “Design Guidelines for Green Roofs,” 1999.
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Figure 6: Typical costs associated with an accessible extensive green roof. Source:
Peck, Steven and Monica Kuhn, “Design Guidelines for Green Roofs,” 1999.
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Figure 7: Runoff patterns for Rock Spring, PA. Source: Penn State Center for
Green Roof Research.

Figure 8: Runoff from green and conventional roofs. Source: Penn State Center for
Green Roof Research.
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Appendix A: Calculations and Model Output for a 1mWh
PV System
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The PV Watts calculator1 is the industry standard for making basic estimations of
potential energy output for cost calculations. By inputting a system specification, an
estimate of the cost of a system can be made. Gates, Bryan provided the assumption of a
fixed tilt system set at 10°.
Input
Station Identification
City:
State:
Latitude:
Longitude:
Elevation:
PV System Specifications
DC Rating (kW):
DC to AC Derate Factor:
AC Rating (kW):
Array Type:
Array Tilt:
Array Azimuth:
Energy Specifications
Cost of Electricity (¢/kWh):

Results

Los_Angeles
California
33.93° N
118.40° W
32 m
1000.00
0.77
770.00
Fixed Tilt
10.0°
180.0° (South)

Solar Radiation AC Energy
Month (kWh/m2/day)
(kWh)
1
3.45
76,630
2
4.44
91,241
3
5.18
117,002
4
6.02
130,634
5
6.64
148,424
6
6.79
146,225
7
7.04
156,212
8
6.82
149,994
9
5.49
116,061
10
4.67
103,234
11
3.81
82,029
12
3.34
73,198
Year
5.31 1,390,883

Energy
Value ($)
$9,579
$11,405
$14,625
$16,329
$18,553
$18,278
$19,527
$18,749
$14,508
$12,904
$10,254
$9,150
$173,860

12.5

Table 1: Reformatted basic output from PV Watts Tool for a Fixed Tilt PV System
(fixed at 10.0° and facing southward) in Los Angeles.
Input
Station Identification
City:
State:
Latitude:
Longitude:
Elevation:
PV System Specifications
DC Rating (kW):
DC to AC Derate Factor:
AC Rating (kW):
Array Type:
Array Tilt:
Array Azimuth:
Energy Specifications
Cost of Electricity (¢/kWh):

Results

Los_Angeles
California
33.93° N
118.40° W
32 m
1298.70
0.77
1000.00
Fixed Tilt
10.0°
180.0° (South)

Solar Radiation AC Energy
Month (kWh/m2/day)
(kWh)
1
3.45
99,519
2
4.44
118,495
3
5.18
151,951
4
6.02
169,655
5
6.64
192,758
6
6.79
189,903
7
7.04
202,873
8
6.82
194,797
9
5.49
150,729
10
4.67
134,070
11
3.81
106,531
12
3.34
95,062
Year
5.31 1,806,343

Energy
Value ($)
$12,440
$14,812
$18,994
$21,207
$24,095
$23,738
$25,359
$24,350
$18,841
$16,759
$13,316
$11,883
$225,793

12.5

Table 2: AC energy produced per month and energy value for a cost of $0.125 per
kWh.
Energy Value of a 1 mWh System for Various Energy Base Costs
Cost of Electricity (¢/kWh):
Total Yearly Value:

7.5
$135,476

10
$180,634

12.5
$225,793

15
$270,951

17.5
$316,110

20
$361,269

Table 3: Energy Value of a 1mWh System given various costs of electricity. The
highlighted calculations at 12.5 cents per kWh is the “standard” calculation by the
PV Watts tool. During the day, UCLA pays a variety of rates depending on time of
1

The PV Watts calculator is available at:
<http://rredc.nrel.gov/solar/codes_algs/PVWATTS/version1/US/California/Los_Angeles.html>.
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day, season, and academic calendar. These prices range from 8 cents to 17.8 cents
per kWh, well within the above sensitivities.1
Calculation of LADWP Incentive Amount: Using the PV Watts energy cost calculator, a
1mWh AC power fixed tilt rooftop PV system would produce 1,806 mWh of AC power
in its first year. Assuming the cost of electricity is 12.5 ¢/kWh, the value of the yearly
electricity output of the PV system would be $225,793. The LADWP provides an
incentive scheme of 14¢ per kWh produced annually over the useful life of the system,
assumed to be 20 years, with a 0.9 degradation factor. Assuming LADWP approval,
UCLA will receive incentive funds of:
1,806,343kWh*(14¢ per kWh)*20yrs*0.9 = $4,551,984 LADWP Incentive Funds
The incentive payments cannot total more than 50% of the gross installation costs for
systems over 30kWh, so they must be adjusted if the system costs less than $9,103,968.
Calculation of Payback Periods: The payback period is give for two different costs of
electricity (12.5 and 17¢/kWh). The system is assumed to be valued at $9.5 million and
the cost of electricity is assumed to increase by 3% a year.
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)

$
$

$
$

$
$

$
$

1
12.50
225.79
4,722.22
6
14.49
261.76
3,487.50
11
16.80
303.45
2,056.11
16
19.47
351.78
396.74

$
$

$
$

$
$

$
$

2
12.88
232.57
4,489.66
7
14.93
269.61
3,217.89
12
17.30
312.55
1,743.56
17
20.06
362.33
34.40

$
$

$
$

$
$

$
$

3
13.26
239.54
4,250.11
8
15.37
277.70
2,940.19
13
17.82
321.93
1,421.63
18
20.66
373.20
(338.80)

$
$

$
$

$
$

$
$

4
13.66
246.73
4,003.38
9
15.83
286.03
2,654.16
14
18.36
331.58
1,090.05
19
21.28
384.40
(723.19)

$
$

$
$

$
$

$
$

5
14.07
254.13
3,749.25
10
16.31
294.61
2,359.55
15
18.91
341.53
748.51
20
21.92
395.93
(1,119.12)

Table 4: The payback period for a $9.5 million system with electricity costs
increasing from 12.5¢/kWh by 3% a year.
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)
Year
Cost of Electricity (¢/kWh):
Value of Electricity ($ '000s)
Net System Cost ($ '000s)

$
$

$
$

$
$

$
$

1
17.00
307.08
4,640.94
6
19.71
355.99
2,961.71
11
22.85
412.69
1,015.02
16
26.49
478.42
(1,241.72)

$
$

$
$

$
$

$
$

2
17.51
316.29
4,324.65
7
20.30
366.67
2,595.04
12
23.53
425.07
589.95
17
27.28
492.77
(1,734.50)

$
$

$
$

$
$

$
$

3
18.04
325.78
3,998.87
8
20.91
377.67
2,217.37
13
24.24
437.82
152.13
18
28.10
507.55
(2,242.05)

$
$

$
$

$
$

$
$

4
18.58
335.55
3,663.31
9
21.54
389.00
1,828.38
14
24.97
450.95
(298.82)
19
28.94
522.78
(2,764.83)

$
$

$
$

$
$

$
$

5
19.13
345.62
3,317.70
10
22.18
400.67
1,427.71
15
25.71
464.48
(763.31)
20
29.81
538.46
(3,303.29)

Table 5: The payback period for a $9.5 million system with electricity costs
increasing from 17.0¢/kWh by 3% a year.
1

Striff, Robert, personal communication, February 14, 2008.
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Appendix B: Design Considerations Related to the
Installation of Green Roofs or Photovoltaic Arrays on
the UCLA Campus
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Introduction
UCLA has investigated several capital programs intended to improve the energy
efficiency of the campus. Most of these are monetary investments with estimated returns
on the order of a few years. While these investigations are admirable, saving both energy
and money, our student group sought to investigate the feasibility of installing more
ambitious ‘green’ media, such as solar photovoltaics (PV) and green roofs. Such
installations benefit the environment in several ways, including the reduction of carbon
emissions. However, in order to be feasible, the cost of implementation will have to
justified to the satisfaction of the facilities department (for expenses less than $50,000) or
to the capital programs department (for everything else). The most direct means of
justifying these expenses is to estimate the time for a new system to pay for itself in
savings of energy-related expenses. These evaluations are addressed elsewhere in this
collective report. Other issues, the ones on which I will focus in this section, include
various design considerations as listed above. Although many similar strategies are
worthy of consideration, I will limit my comments to photovoltaics and green roofs, as
these systems were chosen by the group for their potential adaptability to existing
structures.
Structural
Structural concerns for photovoltaics (PV) and for green roofs are similar, in that
they tend to be roof mounted and are often designed to be added to existing buildings. A
major difference is that PV systems require securement against wind loads, both lateral
and uplift. Both systems can be suitable for roofs that are designed for live loads (having
people on them), although they will require a structural engineer to evaluate the reserve
capacity of the existing structure. It is possible that the added dead load will be
acceptable for gravity loads (which travel from the roof to the earth through the columns)
but unacceptable for wind/seismic loads due to a lack of shear wall or other bracing.
Dead loads associated with PV arrays will likely fall in the range of 5 – 15 pounds per
square foot (#/SF). Dead loads for an extensive green roof (3” – 4” of dirt & weeds) are
on the order of 15 – 25 #/SF. An intensive green roof can be very intensive, carrying
support systems for large trees and deep soil. We did not consider intensive green roofs
for any existing buildings.
Both systems can have a variety of installation methods. Generally, the green
roof will, by nature, be an evenly distributed load and the PV system will resolve at
specific attachment points. These points may be designed to correspond to column or
beam lines if the reserve capacity of the roof is not great. However, considering the
relatively low added loads of the PV system, this is probably not as important as resisting
overturning in high winds. Likely, in contract, the design of structural stability within the
PV system will fall to the manufacturer or installer, whereas loads that flow through the
building will be the responsibility of the owner and structural engineer. Figure 9 and
Figure 10 provide some construction and attachment options.
Although it may be tempting to see all roofs as viable for either system, it is
important to remember that most were initially designed for specific loading conditions
that did not include PV or green roofs. Therefore, they should be considered structurally
inadequate until proven otherwise.
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Figure 9: Green Roof, Sample Construction
(VTBS)

Figure 10: PV System, Attachment Options
(Davidson)

Waterproofing
Waterproofing issues are important to address since these systems are generally
(and, in our case, would be) roof-mounted. The exception would be PV systems mounted
over open parking areas. Green roofs and PV systems present different challenges for
waterproofing. The challenge with green roofs is that they retain water. Obviously, they
would be mounted on flat, or relatively flat, surfaces. But even flat roofs are designed to
shed water. Standing water can be detrimental to many types of flat roof waterproofing
membranes, eventually leading to infiltration and possible failure. Adding a green roof to
such a roof may cause such failure, especially if the roof was not designed for water
retainage. This may be mitigated by adding additional waterproofing layers to the green
roof, or by adding special drainage mats, but this will also add to the cost and may not
work. Therefore, adding a green roof directly to an existing roof may be problematic.
The problem with PV systems relates more to anchorage. They are not particularly heavy
and needn’t disturb the water flow across the roof very much. But they must be
restrained from blowing away. Some installers claim this can be accomplished by
weighting down the supports, but this would require significant weight, moving a light
system to become a heavy one, and likely disturbing water flow and possibly damaging
the roofing membrane. A more secure solution is to attach the PV substructure to the
roof slab, but this requires penetration of the membrane, likely in several locations. This
will make the system more costly, likely involve the services of a separate trade, and
increase the likelihood of future roof failure. Of course, if either system is incorporated
into the replacement of the roof system, all of these concerns fairly go away, simply
being subsumed into the cost of the reroofing.
Aesthetic
UCLA’s beautiful campus allows for a fairly wide diversity of architectural style,
but some styles are notably absent. While Postmodernism has played well with the more
traditional Italianate and Mission styles, Brutalism, Modernism and similar rationalist
aesthetics are generally avoided. Therefore, functional but ‘ugly’ façade effects may
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meet with resistance. There are actually many good or excellent examples of passively
shaded facades on campus, but the buildings tend not to be aggressively or noticeably
‘eco-friendly’. The massive green lawns are a similar reminder that the emphasis is on
‘oasis’ and not on ‘desert’. Therefore, it is unlikely that the campus authorities having
jurisdiction will approve any systems that they perceive as ‘threatening’ to the
appearance of the campus. Fortunately, both green roofs and flat-roof mounted PV
systems are fairly low-key affairs and would not have a significant aesthetic impact.
However, ground-mounted, façade-mounted, or even parking-lot-mounted PV systems
would likely face great resistance from any campus design review board.

Figure 11: Solar Path (Davidson)

Figure 12: Solar Path (Moore)

Location
There is actually more to this issue than initially meets the eye. The basic
assumption is that these systems go on the roof, open to the clear blue sky. For the green
roof, this is a fairly straightforward assessment. For the PV system, it is much more
involved. While it would likely be roof-mounted, two consideration are very important,
namely shading and orientation. Orientation is important because PV systems are much
more efficient when oriented toward the sun. Even this near tautology becomes more
involved in practice, since the sun position moves on both daily and yearly cycles. How
does one design a PV system that always faces the sun? The two main approaches are to
(1) have a fixed system that maximizes the expected solar gain, or to (2) have moving
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system that tracks the sun. Obviously, the fixed system is cheaper and the moving
system is more efficient. Figure 11 and Figure 12 provide two diagrams that give a basic
understanding of solar orientation.
A second issue to consider is shading. It does no good for a solar panel to be
facing the sun if there is a building or a tree in the way. Even though roofs on campus
tend to be unobstructed, each roof should be evaluated for its solar potential as part of
any feasibility study. Higher buildings, trees, parapets and bulkheads may shade roof
areas. Figure 13 shows how to form a solar shading map for a given location. (Note: Do
not look at the Sun)

Figure 13: Shading Map (Moore)
Keep in mind that this represents a shading map at one exact location at one exact
time. A comprehensive map would consider a defined area as shaded throughout the day
and throughout the year. Obviously, this can be challenging to depict and to calculate.
At least one electronic device is now available that can be used on-site to survey shading
conditions. The take-home point is that shading is a real factor, especially in Winter, that
can greatly degrade PV performance.
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Maintenance
The true costs of any system include, not just up-front costs, but ongoing
maintenance costs. The PV system, if not a tracking system, will require low or no
maintenance. The green roof will require maintenance, but perhaps less than expected.
Since we are discussing an extensive system, the plantings will require minimal watering.
It is probably unrealistic to expect that any green system will require no watering
throughout the year. However, using a timing system and drip irrigation, maintenance
can be almost completely automated, leaving personnel to care for only routine cleaning
and troubleshooting.
Procedural
As noted, any projects must be approved by either the Facilities or by the Capital
Programs departments. Other Authorities Having Jurisdiction may include the city of
Los Angeles, the Regents of the University of California, and the State of California
(California Building Code). Users of a building under consideration and other parties
may be interested in any alterations to said building.
Inefficiencies
A final consideration should be the relative benefits any added system brings to
the university. For example, adding a green roof to the Public Policy building on campus
could bring several environmental benefits. However, it has a relatively new roof that is
already fairly efficient. The benefit of adding a green roof on top of it might be minimal
compared to adding the same green roof to a building with and old and poorly performing
roof, such as the elementary school building. Similarly, adding a PV array to a parking
lot would add to the campus’s carbon-neutral energy production, but a comparable array
could be added to an existing roof without having to build as intensive of a substructure
to hold it. Thus, while many systems may be viable, it is important to identify the most
efficient systems and recommend these for implementation first.
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Appendix C: Map of Potential Sites for PV Panels on
UCLA’s Main Campus
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Appendix D: Case Studies of PV Systems
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“SunEdison was selected
by the California State
University system because

California State University Improves Campus
Sustainability While Spending Less on Power

there were no up-front

OVERVIEW

costs to the University. The

Founded in 1887 as the 2nd University in the California University System, Chico (popularly
known as "Chico State") provides a diverse academic experience for over 14,000 full-time
students. As Chico State is centered in an agricultural community, the campus has long
been a leader in energy conservation and sustainability. The California State University
(CSU) and University of California (UC) systems jointly contract for their energy and are the
eighth largest institutional buyer of green power in the country.

entire solar project, the
installation, maintenance,
and troubleshooting is
covered by SunEdison with
no out-of-pocket costs to
the University.”
Mike Bates, Energy & Facilities Trades
Manager, CSU, Chico

In 2005, the United Nations Educational, Scientific, and Cultural Organization (UNESCO)
named the next ten years the Decade of Education for Sustainable Development. CSU
Chico’s faculty, students, staff, and administrators took up this challenge, making sustainability a driver behind real changes at the University. As a result of their historical efforts, the
campus decreased its energy use by 11% from 1973 to 2000, even though total square
footage increased by 58% and many new energy-using devices such as computers and
printers were added across campus.

CHALLENGES
In September 2005, the CSU system revised their policy on energy conservation, calling for
a further reduction in energy consumption of 15% by 2010 and a doubling of its selfgenerated energy supply by 2015. While increasing efficiency and conserving resources is
important, economics also plays a vital role in developing sustainable practices. A sustainable campus must have sustainable economics, and renewable energy plays a large role in
that equation.
The challenge of implementing CSU policies without straining the University’s finances falls
to campus managers like Mike Bates, Energy & Facilities Trades Manager at Chico. According to Bates, “All Universities need to reduce fossil fuel consumption and the demand for
power off of the grid, and if we can renewably self-generate, then that’s the same as
reducing. The driver for bringing solar onto campus was the University executive team
insisting that we get something going. Cost is the common challenge preventing universities
from deploying solar power on campus. Typically, university systems are at the mercy of the
taxpayers, the Board of Trustees, and the Governor, and it’s not really prudent to propose a
project that doesn’t have a payback within 8 years.”
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U NIV ERS ITY,

C HICO

SOLUTION
PROJECT PROFILE

Industry
Public Higher Education
Location
Chico, California
Organization
California State University (CSU),
Chico, is a public university
offering over 100 undergraduate
majors and options. CSU, Chico
is ranked as one of the top 4
public regional universities in the
West.
System Type
1,920 roof-mounted solar panels
System Size
346 KW
Annual Savings
$285,000 over 20 years assuming
retail power rates only increase
at 3% per year
Capital Outlay
$0
ABOUT SUNEDISON

SunEdison, LLC, is North
America's leading solar energy
service provider. SunEdison
provides solar-generated energy
at or below current retail utility
rates to a broad and diverse
client base of commercial,
municipal and utility customers.

SunEdison
12500 Baltimore Avenue
Beltsville, MD 20705
866-SUNEDISON (1-866-786-3347)
www.sunedison.com

“We started out looking at multiple
vendors for an ownership type project in
2005,” recalls Bates. “In contrast to an
ownership model, SunEdison was selected
by the California State University system
because there were no up-front costs to
the University. The entire solar project, the
installation, maintenance, and troubleshooting is covered by SunEdison with no
out-of-pocket costs to the University.
Basically, we are leasing our roof to SunEdison, they come in and install their panels, and we
pay them a fixed rate with an annual escalation for the power generated from the solar
panels over the next 20 years.”
With 2.8m ft2 of occupied space and 23 acres of roof in a good sun zone climate, Chico
State is a great candidate for leveraging solar power to reduce energy costs during hours of
peak demand. Per Bates, “We had two rooftops in close proximity and a short pathway to
the substation for these two buildings. It was just a matter of setting the panels on these
two roofs and cabling that to the substation to get us on the campus’ 12 kV grid. There were
no issues or disruption to the campus community during the implementation.” Bates
continues, “It’s nice when you can get a contractor to come in and have no one really notice
that they were there. Working with SunEdison, I can’t say enough good things about the
construction crew and the company itself. It was just a great group of people to do business
with. With the solar panels in place, the system is generating enough power to supply one
of our 147,000 ft2 building’s total usage during the peak hours of the day.”

BENEFITS
SunEdison’s Power Purchase Agreement (PPA)
service model was a key differentiator for
making the project viable from the start. Per
Bates, “As the Chico facilities manager, the
benefits came on many fronts. We got a new
roof for the Gym, and having the panel
systems on the roof is providing an insulation
benefit that’s reducing cooling costs. On the
energy expense side, that is a great advantage.
For sustainability, the University is stepping

Long Term Energy Costs - 10 Year Outlook
Local Utility Costs
SunEdison Costs
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forward and using a generative, natural resource to reduce demand for power off the grid,
reducing fossil fuel consumption and the production of carbon dioxide. Financially, there’s no
upfront cost to the University and we’re going to see some reduction in cost. Over the
20-year life of the contract, the estimated savings is about $285,000 assuming retail power
rates only increase at 3% per year. The negotiated price allows us to predictably price energy
and save money as utility company rates increase over time.”
Bates concludes, “If the University has the opportunity to work with SunEdison again on this
same type of project, we would jump all over that. We would not hesitate with going forward
on another project. It’s a great way for universities and commercial entities to get involved
with solar. All you’re doing is purchasing generated power at below market costs over the life
of the contract. I would even think that most people would be willing to pay a little more to
support renewable energy as a sustainable practice.”

CASE STUDY

Microsoft’s Silicon Valley campus goes Solar
with SunPower

As a result of initiatives to conserve energy and reduce waste,

PROJECT OVERVIEW

Microsoft’s Silicon Valley campus in Mountain View, California, has

Location: Mountain View, CA

been recognized highly for its environmental stewardship.

Completed: April 2006

Atop Microsoft’s Silicon Valley Campus, the company’s 480 kW solar

Installation Type: Commercial Roof
System Size: 480 kW
Covered Roof area: 31,000 square feet

power system represents their large commitment to the environment.

Number of Panels: 2,288

Over the next 30 years, Microsoft’s system will reduce carbon dioxide

Production: 551,861 kWh/yr

emissions by 4,000 pounds, which is equivalent to planting over 1,000
acres of trees, or removing 800 cars from the road. With a reliable,
low-maintenance source of electricity that produces no emissions or
noise, Microsoft is now achieving both financial savings and lasting
environmental impact with its solar power investment.

Products: SunPower PowerGuard

®

BENEFITS
UÊAnnual savings of $120,000
UÊ860,000 kW in real-cost and realconsumption savings
UÊ >ÀLÊiÃÃÃÊÀi`ÕVi`ÊLÞÊ{]äää
pounds over 30 years
UÊReduced heating and cooling expenses
UÊProtection and extension of roof life

“Our solar array
helps us reduce
energy demand, costs
and harmful emissions,
while we conserve
natural resources.”
John Matheny, Site Manager

REDUCED OPERATING EXPENSES
After taking other environmental steps towards reducing their energy use
throughout Microsoft’s facility, solar power was the next logical step.
“One of our largest expenses for running this campus is electricity, and
in addition to reducing our impact on the grid, we’re reducing that cost
significantly by using solar power,” said David A. Polnaszek, Campus
Manager for Microsoft. Microsoft completed installation of SunPower solar
technology on four of its campus rooftops in April 2006.

Microsoft Silicon Valley Campus

ESTABLISHING LONG-TERM SAVINGS
Solar power offers a smart way for Microsoft to reduce their electricity
expenses. The company’s system has already produced 860,000 kWh
in actual cost and consumption savings in year one. During the summer
months, it helps reduce peak demand electricity by 400 kW. As a result,
Microsoft achieves $120,000 in annual energy savings.
LEVERAGING INNOVATIVE TECHNOLOGY
Microsoft recognized the advantages of SunPower high-efficiency solar
panels and the PowerGuard® commercial roof system. “We looked at
several solar providers, but SunPower came back to us with the strongest
product and solution, and they delivered on time,” said George Koshy,
Facility Manager for Grubb & Ellis Management Services. SunPower
solar cells generate up to 50 percent more power per unit area than
conventional solar cells. With their interlocking design, PowerGuard®
SunPower Corporation

solar roof tiles install quickly and without mechanical fastening, allowing

1- 866 - 737- 6527

Microsoft’s solar project to be completed two weeks ahead of schedule.

www.sunpowercorp.com
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Multnomah Building Green Roof
501 SE Hawthorne Blvd.
Project Summary
Project Type:
Technologies:

Commercial / Industrial retrofit - demonstration project
Green roof (ecoroof); 12,000 sq. ft. (area); 6-in. deep growth medium (soil)

Major Benefits:

!" Roof longevity - the ecoroof should double the life of the roof.
!" Stormwater management - there will be a substantial reduction in runoff from the roof, with
improvements in the quality of the runoff (reduced pollutant loads; lower temperature).
!" Improvements to the urban environment - the new landscape adds green space to the urban
environment and enhances the aesthetic appeal of the property.

Cost:

!" Total project cost: $343,000 (includes design, terrace construction, etc.)
!" Ecoroof construction cost: $179,801 ($15 per sq. ft.)
!" BES provided a $50,000 grant for the project.

Constructed:

April - July 2003

Introduction
Multnomah County considered a number of options in 2000 when it became clear the leaky roof on the
Multnomah Building was in need of replacement. With the encouragement of Portland’s Bureau of
Environment Services (BES), the County evaluated the potential for an ecoroof and ultimately decided to cover
most of the west-facing roof with a vegetated system.
The County Commissioners endorsed the project because of the longevity of the green roof, the predicted costeffectiveness over the long term, and the environmental benefits. They also supported the project because it
offered a unique opportunity to promote the technology. The 12,000 sq. ft. ecoroof is accessible and open to
the public and is visible from many nearby offices.
The project’s demonstration value led to strong financial
support from outside parties: the Department of Environmental
Quality (DEQ) contributed $75,000 of Federal funds for nonpoint source pollution control, and BES contributed $50,000
from the Willamette Stormwater Control Program1. Tremco
Roofing provided certain components at no cost, and BES and
Portland State University committed resources for monitoring
the performance of the roof.
The project goal was to create a landmark demonstration
ecoroof with amenities such as a stone terrace and educational
signage. The focus of this report is limited to the design,
construction, and cost of the vegetated ecoroof.

Looking north across the newly planted roof
(taken from the upper roof); 2003

1

Portland’s Bureau of Environmental Services implemented the Willamette Stormwater Control Program in 2001. The Program
offered financial grants and technical support for a series of projects to retrofit existing commercial properties with stormwater
controls incorporating green technologies. The Program recruited these demonstration projects in order to research the feasibility,
cost and performance of commercial stormwater retrofits in the area served by the combined sewer.

12/9/2004;Multnomah County Green Roof
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Overview of the Stormwater System
The roof absorbs rainfall that falls directly on it. The roof also receives runoff from a flagstone terrace
(1,660 sq. ft.) and pavers along the perimeter of the roof (1,780 sq. ft.). The average depth of the growing
medium (soil) is 6 in. Although the performance of the roof will vary depending on a number of factors storm size, soil moisture content, and temperature - researchers hope to confirm that the roof retains more
than 50% of the total annual runoff.

Stormwater Capacity and System Components
Stormwater Management Goal
The overall stormwater management goal was to reduce the peak runoff and volume that would otherwise
contribute to combined sewer overflow (CSO) events in the adjacent Willamette River. Although the project
did not trigger the requirements of the City’s Stormwater Management Manual (SWMM), it meets the general
standards for ecoroofs.
System Components
Planted Roof portion
(See Planting Plan for more details, pg. 10)
!" The footprint of the vegetated portion of the ecoroof is approximately 11,900 sq. ft. The catchment
is 15,420 sq. ft., including the planted area, stone terrace, and the pavers along the roof’s perimeter.
!" Overflow drains to internal downspouts that are connected to the combined sewer system.

Figure 1. Diagram of the ecoroof system components

12/9/2004;Multnomah County Green Roof
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Refer to Figure 1 for the following description:
a. Structural roof support (previously existed)
b. 5-ply roofing system (previously existed): A built-up
roof (3-ply polyester and 2-ply fiberglass membrane) set
in hot asphalt atop three inches of polyisocyanurate and
fiberboard insulation.
c. e in. protection board over existing roof: laid on top of
the existing roof, provides roof protection during
construction as well as additional root barrier protection.
d. ½ in. drainage mat with root barrier: A hollow core
layer of TremCo GR with a top layer of fabric that
allows water to pass through while restricting the
View of the terrace with the green roof in the
movement of soil. The fabric is treated with copper
background.; note educational signage and
hydroxide to restrict root penetration.
fence preventing public access to the roof;
e. Stainless steel edging: Retains the soil around the
summer 2004.
perimeter of the roof and prevents it from entering the
drains.
f. 6 in. growth medium (soil): see “Landscaping” section
g. Green roof vegetation: see “Landscaping” section
h. Drip irrigation system: see “Irrigation” section
i. Gravel ballast: Surrounds the roof drains. Secures the drainage mat and allows free movement of runoff
around the roof drains.
j. Roof drain: Provides overflow drainage for runoff that is not absorbed, evaporated, or evapotranspired.
k. Monitoring equipment: Measures the rate and volume of runoff.
l. Concrete pavers: Provides access for maintenance personnel.
Additional Information:
!" The saturated soil weight is approximately 28 pounds per sq. ft.
!" The planted area is gently mounded in the center due to the roofing structure. The slightly western
aspect adds visual interest.
Landscaping
!" The growth medium (soil) is a proprietary aggregate from a local company. The 6-in. deep soil is
comprised of pumice, perlite, digested fiber, and paper pulp (reclaimed); it has a higher proportion
of mineral content than organic content. The composition meets the structural requirements of the
roof, and is free draining to promote plant growth
!" A seed mix was broadcast by hand. The mix includes various wildflower species and fescue grass.
!" The vegetated portion directly adjacent to the building was densely planted with plugs and
containers of sedum species, perennials, bulbs, and ornamental grasses.
!" The project designers selected the plants with advice from a green roof consultant from Toronto,
Canada. The selection criteria included adaptability to roof conditions, ecological function, local
availability, drought tolerance, seasonal interest, aesthetics, and maintenance requirements.
Irrigation
Portland’s extensive summer dry periods made an irrigation system a requirement. The system includes:
!" A permanent drip irrigation system, approximately 3 in. below the soil surface, that delivers water
directly to the plant roots.
!" Soil moisture sensors to control the drip irrigation system, delivering water only when needed.

12/9/2004;Multnomah County Green Roof
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!" A temporary above-ground, spray irrigation system, to ensure that the new seeds received
sufficient water for germination. The system also helped the new plantings survive the
establishment period while their roots were still fairly shallow. The temporary system was
removed in late spring 2004.
Stone Terrace Planter
!" The footprint of the terrace planter is approximately 200 sq. ft. It is filled to a depth of 6 in. with
the same proprietary soil mix used on the roof.
!" The raised planter, featuring a built-in bench seat, is incorporated into the patio hardscape.
!" The planter receives precipitation and some supplemental water from a drip irrigation system.
!" It is planted with perennial flower species and varieties of sedum.

Budget
The final budget for construction of the Multnomah County building ecoroof was $179,807. This cost
covers all of the construction activities for the vegetated ecoroof; it does not include any design activities
or costs associated with construction of the terrace.
Over $125,000 in grant funds and in-kind donations of materials and services were provided by interested
professionals, businesses, and agencies. BES contributed $50,000. The in-kind costs are included in the
costs summarized below.
Multnomah County
Budget Summary for Ecoroof Construction
Item Cost
or Value

Item
Total Cost
Construction:
$ 131,462.00
Protection board (material & labor) $
8,644.00
Ecoroof components (drain mat, root
barrier, filter fabric, soil) $
48,517.00
Ecoroof installation (labor) $
38,121.00
*Mobilization/demolition/cleaning $
4,800.00
*Crane $
12,480.00
*Miscellaneous supplies $
2,400.00
Rock removal (labor) $
16,500.00
Landscaping (11,900 s.f.)
$
44,418.00
Plant /seed material $
10,475.00
Installation (labor) $
15,712.00
Irrigation:
Permanent drip $
16,362.00
Temporary overhead spray $
1,869.00
Irrigation booster pump
Permitting
Construction bonds/permits $
3,927.00 $
3,927.00
TOTAL
$ 179,807.00
* Mobilization costs for the ecoroof were estimated by pro-rating the
mobilization costs for the entire roof project (including the terrace). Eightypercent of the costs were attributed to the vegetated portion of the ecoroof
because it occupies 80% of the roof area.

12/9/2004;Multnomah County Green Roof
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I. Budget Elements
Non-Construction Activities
The cost for management, design, and permitting was not fully
documented and therefore is not included in the budget.
Construction Activities
The total construction cost was $179,807. The activities include
general construction, landscaping, the value of in-kind materials and
labor, and the cost of the permits.

Installing the drainage mat

Construction
The core construction activities include removal of the existing rock
ballast, mobilization and demobilization of a crane to transfer the
rock and import soil, and installation of the ecoroof components.
The cost of these activities was $131,462, which is approximately
73% of the overall construction budget.
Mobilization costs for the ecoroof were estimated by pro-rating the
mobilization costs for the entire roof project (including the terrace).
Eighty-percent of the costs were attributed to the green roof because
it occupies 80% of the roof area. Permit costs for mobilization,
including contract bonds, total $3,927.
Landscaping
The cost of the landscaping, excluding the soil matrix but including
irrigation, was $44,418.
The associated unit cost was
approximately $3.73 per sq. ft. Landscaping costs comprised
approximately 25% of the total construction budget (excluding soil
matrix). The costs for the soil matrix are included in “ecoroof
components” under construction activities.

Installing drip irrigation system

Bringing the soil up from the street

The irrigation system was valued at $18,231, including both the
permanent drip system and the temporary overhead spray system.
II. Cost Components
Installing the soil

Construction – Mobilization and installation of the structural
components comprised approximately 75% of the total construction
budget; landscaping costs were about 25% of the total budget
(excluding soil matrix).
Labor vs. Materials – Labor accounted for approximately half the total
construction budget.
Plants ready for installation

12/9/2004;Multnomah County Green Roof
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Irrigation – The County simply expanded the existing irrigation
systems, which included valves, a backflow preventer, and a
controller. Construction of a new system would have been
substantially more expensive.
Pavers – The County saved money by re-using the pavers from the
previous roof. The pavers were placed around the perimeter to
provide access for maintenance staff.
III. Cost Comparisons
Construction costs for the eco-roof project may be low, relative to
other similar projects, for retrofitting existing roofs with ecoroofs.
Although mobilization costs to raise materials to the 5th floor were
substantial, the project saved on other activities that sometimes
account for higher costs on similar retrofit projects. For example,
the roof was sound and required no structural alterations - its load
bearing capacity had been previously certified; the existing 5-ply
roof was in good condition and did not necessitate removal or
replacement.

Maintenance and Monitoring
Multnomah County owns the facility and is responsible for all
maintenance activities.

SE corner, planted with a variety of
sedum species, bulbs and purple
coneflower; early summer, 2004.

Looking east across the ecoroof,
toward the terrace, early summer,
2004.

BES, the County, and PSU, are jointly funding hydraulic
monitoring. Led by PSU, the team will intensively monitor the
performance of the ecoroof facility for at least five years, and
perhaps longer. BES will also regularly evaluate the level of effort
required to maintain the facility, the success and viability of the
planting regime (which may change over time), and any comments
received.
A detailed Operations and Maintenance Manual includes site plans,
operation and performance requirements for vegetative care, natural
pest/weed reduction, safety precautions to protect workers and
visitors, erosion & litter control measures, and a detailed schedule
and timeline for maintenance of the irrigation system.
View of the ecoroof with wildflowers
in full bloom; spring 2004.

12/9/2004;Multnomah County Green Roof
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Successes and Lessons Learned
Multiple Benefits - The project is a great example of how an ecoroof can be a central feature in the urban
environment, with multiple benefits:
!" Many nearby offices enjoy views of the green roof and it provides an appealing picnic spot. It
should continue to attract visitors interested in ecoroofs.
!" The roof will provide ongoing benefits for the County and the City in terms of stormwater
management and moderating temperatures on the roof (including reductions in heating and cooling
costs for the building).
!" The roof provides habitat for urban life – birds, butterflies, etc.
Roof Longevity and Cost Effectiveness – In 2000 the County conducted a life cycle cost analysis
comparing a conventional roof with an ecoroof. The study concluded the ecoroof would be more costeffective than a standard roof over a 60-year period. The analysis assumed that the ecoroof would double
the life of the impermeable seal on the roof (a common assumption in the industry). More information
about the study is available from Multnomah County or Allen Lee at allenlmquantecllc.com.
Construction Schedule - The project confirmed the crucial influence of seasonal weather on installation
schedules: in Portland planting should occur in early spring or early fall when the temperatures are cool
and precipitation is most likely to assist with plant establishment. Seeds are especially vulnerable to
prolonged dry periods.

12/9/2004;Multnomah County Green Roof
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Multnomah County Ecoroof
Planting Plan

12/9/2004;Multnomah County Green Roof
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POWERGUARD®
INTERLOCKING SOLAR ROOF TILES PROTECT & INSULATE

BENEFITS
Non-Penetrating
Easily installed solar modules require
no roof modifications or attachments
Lightweight
Aerodynamic, lightweight modules are
easy to ship, handle, and install
Protects Your Roof
Protects rooftops from harsh weather,
UV exposure and thermal cycling
Insulated to Reduce Costs
R-10 insulation saves up to 30% more
energy by reducing a building’s heating
and cooling load
Deploys Rapidly
Interlocking, pre-engineered solar
tiles lay directly on rooftop and install
quickly without mechanical fastening
Scalable Design
Modular design scales easily for small
to large-scale installations

PowerGuard is a simple, high-density system for rooftop
installations. It’s non-penetrating modular design delivers
reliable, clean electricity while insulating and protecting
your roof. PowerGuard’s flat, lightweight solar tiles
operate within your existing roof line and electrical
system and install rapidly and securely without
mechanical fastening.

Microsoft - 480 kW - Mountain View, California

SUNPOWER POWERGUARD

www.sunpowercorp.com

POWERGUARD®
INTERLOCKING SOLAR ROOF TILES PROTECT & INSULATE

Specifications and Details (SPR-210)
Attribute

Specification

Tile Weight

4 lb/ft²

Tile Dimensions

Range: 32.68” × 62.6”

R-Value

R-10

Roof Penetrations

None, except high-wind areas

Typical Power Output

1.478 kWp/100 ft²

Deployment Option

Roof

High Wind Resistance

Up to 140 miles per hour

Warranty

Full system warranty

SunPower A-300 Solar Cell

Key Attributes:

PowerGuard features SunPower A-300
solar cells. The most advanced and
efficient solar cell on the market, the
A-300 is a combination of aesthetic
design and smart technology.

· All-back-contact design reduces sun blockage for
higher efficiency output up to 21.5%

Cell Front

· 4 mm thick high transmission tempered glass
enhances product stiffness and impact resistance
· Lower temperature coefficient enhances high
temperature operation & energy output

Cell Rear

The PowerGuard technology is protected by US Patent Numbers 5,316,592, 5,505,788, 5,746,839 and 6,061,978.
Other US and/or international patents issued or pending may apply.

About SunPower
SunPower designs, manufactures and delivers high-performance solar electric technology worldwide. Our high-efficiency
solar cells generate up to 50 percent more power than conventional solar cells. Our high-performance solar panels, roof
tiles and trackers deliver significantly more energy than competing systems.

www.sunpowercorp.com

T10 SOLAR ROOF TILE
TILTED FOR HIGHER ENERGY OUTPUT

BENEFITS
Optimized Energy Output
Higher energy delivery due to 10
degree tilt angle and sunlight reflectors
Non-Penetrating
Modular solar tiles are easy to install
without mechanical roof attachments
Deploys Rapidly
Large-scale solar arrays can be installed
efficiently and commissioned quickly
Integrates Seamlessly
Low-profile design blends into flat roof
and flat ground sites, while operating
within existing electrical network
Non-Obstructive
Solar panels won’t interfere with roof
operations or drainage
Highly Wind Resistant
Engineered for aerodynamic stability
means no roof attachments in typical
wind zones

The SunPower® T10 Solar Roof Tile is pre-engineered to
tilt at a 10-degree angle and enhance energy capture.
These non-penetrating roof tiles interlock for secure,
rapid installation. Made of durable, lightweight
materials, the T10 tile’s patented design resists high
winds and corrosion, and is uniquely flexible to adapt
to the size and requirements of virtually any flat rooftop
and select ground sites.

Berlex - 274 kW - Wayne, New Jersey

T10 SOLAR ROOF TILE

www.sunpowercorp.com

T10 SOLAR ROOF TILE
TILTED FOR HIGHER ENERGY OUTPUT

Specifications and Details (SPR-210)
Attribute

Specification

Array Weight

As low as 2.1 lbs/ft² (< 10.2 kg/m²)

Tile Slope

12.9 degrees

Roof Penetrations

None, except high-wind areas

Typical Power Output

.95 kWp/100 ft²

Deployment Options

Roof sites

High Wind Resistance

Up to 120 miles per hour

Access

Integrated walkways allow easy access
to modules, equipment and roof surfaces

Warranty

Full system warranty

SunPower A-300 Solar Cell

Key Attributes:

T10 Solar Roof Tiles feature SunPower
A-300 solar cells. One of the most
advanced and efficient solar cell on the
market, the A-300 is a combination of
aesthetic design and
smart technology.

· All-back-contact design reduces sun blockage for
higher efficiency output up to 21.5%

Cell Front

· Uniform dark front gives velvety-black appearance
· 4 mm thick high transmission tempered glass
enhances product stiffness and impact resistance
· Lower temperature coefficient enhances high
temperature operation & energy output

Cell Rear

The SunPower T10 Solar Roof Tile technology is protected by US Patent Numbers 5,505,788 and 5,746,839. Other US and/or international
patents issued or pending may apply.

About SunPower
SunPower designs, manufactures and delivers high-performance solar electric technology worldwide. Our high-efficiency
solar cells generate up to 50 percent more power than conventional solar cells. Our high-performance solar panels, roof
tiles and trackers deliver significantly more energy than competing systems.

www.sunpowercorp.com
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