
Fig. 3: Ductwork in house with ASR roofing tile

The American Solar Roofing tile has demonstrated mid-
temperature performance in proof of concept tests. These
tests showed stagnation temperatures of 205°F (96°C) and
continuous temperature operation at 155°F (68°C) even with
several inefficiencies in the materials and air flow rates used.
This was 115°F (64°C) above ambient at stagnation and
60°F (33°C) above ambient with airflow. Eliminating the
inefficiencies with commonly used solar collection materials
and air flow management methods will improve
performance.

One advantage of mid-temperature performance is that the
behavior of the solar roofing tile collector system can be
modeled using existing solar engineering techniques. The
large amount of data available for mid-temperature, glazed,
air heating collectors supports modeling for all roof
configurations.

Predictable thermal performance is matched by the
predictable construction costs of the system. This
predictability comes from the similarity of the solar roofing
tile and the installation methods with those of existing
roofing tiles. Additional ductwork and thermal storage
assemblies all represent routine construction operations for
plumbing and heating trades. All of these similarities allow
the use of construction cost estimating guides to estimate the
installed costs of the solar roofing tile system.

Figure 4 shows the monthly space heating and hot water
requirements for the conventional house. It also shows the
available solar heat provided by the solar roofing tile
system. The solar roofing tile system on the house in this
study can provide 100% of the hot water heating required,
50 % of the total heating and hot water load, and, in the

month of January, 25% of the peak space heating load.

Fig. 4: Available solar energy and heating requirements

In the Boston area, this represents $615 per year in reduced
heating costs compared to heating with natural gas delivered
at a typical, state wide, residential rate of $9 per million Btu.
In addition to the energy cost savings, the long, 50 year, life
of the roof can eliminate several re-roofings and dumping
fees for disposal of the old roofing. This amounts to an
additional $1000 in cost savings over the life of the roof.  If
a $1500 tax credit is allowed for solar hot water heating,
then the total annual, non-discounted savings equals $665
per year, or $1.10 per year per square foot of installed roof.

The installed cost of such a roof is projected to range from
$7-12 per square foot, or $4,200 to $7,200 for 600 square
feet. Using the National Institutes of Standards and
Technology building life cycle costing methodology with a
6% discount rate, the roof provides thermal energy at a cost
of approximately $5-6 per million Btu. This cost of
delivered energy is 33-44% lower than the cost of energy
from burning natural gas at a delivered price of $9 per
million Btu. The net present value of the cost savings to the
homeowner are on the order of  $3,000 to $6,000.

The system can deliver 62 million Btu per year for space
and hot water heating. An additional 47 million Btu of solar
energy is available in the months from May through
October. Use of this excess heat through desiccant cooling
or other methods can further reduce the cost of delivered
energy. Different roof configurations which take advantage
of garages, carports, porches, etc. can increase the usable
roof area and increase the amount of solar energy supplied
by the roof. Different house configurations such as a single
story house with a greater roof area-to-heated volume can
substantially increase the fraction of solar energy delivered.
With a large solar fraction, the size of the backup heating



system can be substantially reduced. Several case studies
have shown that with adequate solar energy gain and thermal
storage, a backup system no larger than a water heater is
required. Each of these design details creates opportunities
to further reduce delivered energy costs.

6.  RESEARCH, DEVELOPMENT, AND POLICY
REQUIREMENTS

Accelerating the installation of these BIST systems on
existing buildings will deliver benefits to the building
owners and the help cut traditional energy use. With more
than 66 million residential buildings, nearly 5 million
commercial buildings, and approximately 2.5 million farms
and manufacturing facilities, many with multiple buildings,
the energy savings potential is enormous. Energy savings
from BIST roofing installation on a fraction of the total
building stock can contribute substantially to national energy
goals of ensuring a secure and sustainable energy supply at
competitive costs and reducing greenhouse gas emissions.

To capture the benefits of using BIST roofing systems in
existing buildings, research is needed in the following areas:
· Develop BIST screening tools to quickly assess the

economics of a building’s solar potential using each
system.

· Develop light weight, long life glazing materials
that minimize loads on existing roof structure.

· Develop low pressure, medium temperature, air to
water heat exchangers.

· Develop assessment tools and measurement devices
to predict the impacts of partial roof shading from
trees and other obstructions.

· Analyze thermal and economic impacts of absorber
color variations and selective surface use.

· Design BIST systems to meet clothes drying and
cooling thermal loads within a building.

· Design backup heating systems which operate at a
fraction of the output of typical heating systems.

· Design low cost, low pressure, long life, storage
tanks with integral air to water heat exchangers.

· Analyze flat roof retrofits of BIST systems.
· Evaluate business models for BIST companies.
· Evaluate regional market potential for BIST.

Policy development, with emphasis on financing BIST
systems is another pressing need. Current financing
mechanisms at competitive and supportive interest rates are
too complex and time consuming to support the quick sales
cycle of solar energy systems. Those that have a shorter
cycle often have interest rates too high to support wide scale
use. A method of reducing loan interest rates for solar
energy systems to those comparable for home mortgages

would greatly accelerate BIST deployment as well as the
deployment of most other solar energy systems. Loan
guarantees or secondary market development for these loans
should be pursued. 

7.  CONCLUSIONS

There is a long history of innovation in building integrated
solar thermal design. Of the most recent innovations, three
are either in production or under development.

There are many advantages to using the building integrated
solar thermal roofing systems currently under development.
The aesthetics and building envelope performance of these
BIST systems can match that of existing building products
and therefore hasten their adoption by building owners. 
These systems can also provide substantial savings to the
building or home owners from reduced heating, maintenance
and repair costs. A case study for a house in a heating
climate shows that BIST systems have the potential to
deliver energy at lower cost per Btu than typical fuel sources
and provide net savings to the homeowner.

The possibility of installing these cost and energy saving
systems on millions of buildings in the U.S. suggests that the
systems can aid substantially in meeting national energy
goals. Research should be accelerated in those areas most
critical to speeding deployment of these systems.
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