
The Living Lab

Solar Panels
There will be two 21” x 24” solar panels located 
at the top of each of the front panes of glass 
to power lighting, laboratory equipment, and 
laptops. They would provide about 2,000W 
maximum, which would be enough to power 
25-35 laptop charges or 150- 80 Watt LED light 
fixtures.

Windows
Each of the eleven panels that make up the 
south face of the building will be made of one 6’ 
x 10’ piece of 16mm Triple Pane Polycarbonate. 
This has an R value of 2.5 and a transmission 
rate of 76%, so light transmission would not be 
sacrificed for thermal efficiency. 

Retractable Insulation
Inside the windows there will be a retractable curtain of 
insulation. It’s lowered after sunset and raised again before 
sunrise, and will keep heat inside the building. An insulation 
curtain equivalent to 1” of styrofoam can reduce energy loss 
on winter nights by close to 60%!

Thermal Tubes
Hot air that rises in the building will be cycled 
under the ground by two thermal tubes that 
run along the ceiling. These will be perforated, 
and will suck the hot air in with a small fan. The 
air will then be piped down along the east and 
west walls into the ground and trace the pattern 
of the ceiling apex about two feet under the 
floor before being let out on the outside of the 
building. 

Roof/ Wall Materials
The roof and walls will be made from 12” thick 
structural insulated panels. These panels have an 
R value of 48 and are more thermally efficient 
than standard stick-frame construction. 

Solar Tubes
There will be three solar tubes spaced evenly 
across the back section of the building, which (in 
combination with high efficiency LED light fixtures 
powered by the solar panels) should provide 
sufficient light to the space on sunny days.

Ground Insulation
A layer of insulation and tarp will be added 
underground around the building to retain the 
heat that is added to the ground by the thermal 
tubes. This insulation “skirt” made from foam will 
extend 15 feet from all sides of the building. There 
will also be insulation under part of the floor to 
allow the heat from the thermal tubes to travel 
laterally and resurface through the uninsulated 
portions of the floor in 6 months.

Berm
The floor of the building will be 3 feet 
underground, and there will be a berm of soil 
that comes all the way up to the roof of the 
building on the north side. This berm will act as 
further insulation for the building on its north side 
where it is the most susceptible to losing heat.

Thermal System

The building will be thermally net-zero using a passive annualized heating system and thick 
insulation, including on the windows at night. The passive annualized heating system funnels excess 
heat trapped in the building during the summer underground, where it heats the ground under the 
building. Insulation is placed in strategic locations under the floor and around its perimeter so the 
heat resurfaces in the building during the cooler winter months. The roof shape is essential because 
it concentrates warm air that rises to the peak, where it can be easily sucked into a thermal tube 
and funneled underground and then outside. To complement the passive heating, the walls are 
made from R-48 structural insulated panels, and the building is sunk into the ground slightly. There 
will be a berm on the north side, and the windows will be made from R-2.5 polycarbonate panels 
supplemented by R-5 retractable insulation panels at night.

Lighting

The majority of the building’s lighting will come 
from the daylight that enters the building 
through the windows on the south facade 
as well as through the solar tubes that will be 
installed on the north side of the roof. In the 
evening and on dreary days, the building can 
be lit by LED light fixtures that will be powered 
by the solar panels also mounted on the south 
facade.

Budget

Solar panels - $9,000
Windows - $2,200
Roof/ Wall Materials - $12,500

Total for These Components - $23,700

Total Building Estimate - $60,000-120,000

Shape

The south side of the building’s footprint is one third of a circle in order to optimize 
the sunlight from 8am to 4pm. Since the sun moves across the sky from east to 
west, the curve of the building lets in light for a greater period of time each day. 
The windows on the south facade will be at a 35 degree angle to vertical so they 
are optimized for light entering in the late winter months, which will help warm 
the building. Additionally, the fact that the building’s roof rises to a single peak 
concentrates warm air for the thermal system.

Ben Chapman, Lyra Silverwolf, 
and Steph Northway


