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Enclosure Design

uRoof Assembly: Compact 
(unvented) roof assembly with 
existing 2x8 rafter framing and 
2x3 cross furring, framing cavity 
and portion of furring cavity filled 
with R-56 Demilec Heatlok Soy™ 
medium density spray foam 
insulation.

vWall Assembly: 2x4 stud wall 
constructed to inside of original 
post and beam frame with 1” gap 
between existing and new framing. 
R-32 (~5”) medium density spray 
foam insulation sprayed into wall 
cavities and over rim beam. 

wWindow Specifications: New 
Harvey Tru Channel storm windows 
over existing wood-framed, double-
glazed, low-E windows; approx. 
composite performance: U=0.25, 
SHGC=0.52.

xAir Sealing: Continuous layer 
of medium density, closed-cell 
spray foam insulation provides air 
flow control in the field of the wall 
and roof assemblies. Spray foam 
insulation also applied at rim beams 
and in a floor assembly over a crawl 
space. Low-expansion foam sealant 
applied around windows and doors, 
and at any mechanical or electrical 
penetrations through the enclosure.

yFoundation Assembly: 
Conditioned basement with 3-5” 
medium density spray foam 
insulation applied directly to field 
stone and concrete foundation 
walls. Spray foam insulation painted 
with Blaze Lok 1B™ ignition barrier 
paint.  A 12” high strip of 2” XPS as 
the slab perimeter thermal break 
also allows foundation walls to drain 
to the sub-slab drainage system. 
Several trenches with drainage pipe 
connected to drain and filled with 
gravel manage bulk water. New cast 
concrete basement floor slab over 6 
mil poly, 2” XPS and continuous bed 
of gravel.
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impending construction start, BSC and 
the builder worked to identify resolutions 
to these issues that fit within the 
homeowners’ established budget and 
the conditions of the project and also 
satisfied the objectives of the pilot. A 
high efficiency, ducted heating system, 
storm windows and window flashing 
remediation were incorporated into the 
renovation plans. During construction, 
the builder sought BSCs review of 
existing water management conditions. 
These investigations identified several 
conditions (beyond those identified in the 
plan) which required remediation. 

Mechanical Design

uHeating: 96.7% AFUE sealed 
combustion propane furnace in 
conditioned space. High SEER coil 
installed for future connection to air-
source heat pump.

vVentilation: High efficiency heat 
recovery ventilator (HRV) with dual 
ECM motors and 74% recovery 
efficiency. Outside air supply ducted 
to heating system distribution, 
exhaust air taken from bathroom.

wSpace Conditioning 
Distribution: Insulated sheet metal 
trunks with insulated flex run-outs. 
Ducted return in each bedroom plus 
two additional returns in first floor 
areas. Entire distribution system 
within thermal enclosure.

xDHW: 0.86 EF on-demand 
propane-fired water heater.

yLighting: Hard wired ENERGY 
STAR®CFL lighting plus high 
efficacy (60 lumen/Watt) LED 
lighting.

zAppliances: ENERGY STAR® 
dishwasher, refrigerator and clothes 
washer.
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Construction

The Builder had already designed the 
renovation project and contracted with 
the homeowners when the National Grid 
Deep Energy Retrofit Pilot Program was 
launched less than two months before 
the scheduled start of construction. 
Nonetheless, the builder and homeowners 
decided to explore participation in this 
pilot program. The builder submitted a 
preliminary application which described 

the builders planned changes to achieve 
the Pilot’s high performance objectives.  

As part of its evaluation of the DER 
plan, BSC identified several issues 
that would need to be resolved before 
the project could be accepted into 
the National Grid pilot. These issues 
included the heating system efficiency 
and configuration, window performance, 
and water management of the wall 
system. Under the time pressure of 
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This case study has been prepared by Building Science Corporation for the Department of Energy’s Building America 
Program, a private/public partnership that develops energy solutions for new and existing homes. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or any agency thereof.

For more information about Building America go to www.buildingamerica.gov

For more information about this or other case 
studies by Building Science Corporation and 
the Building America Program go to: www.
buildingscienceconsulting.com/services/
building-america.aspx

Design Challenge: Converting a Cold, Wet Cellar into a 
Useable Space

The renovation plans included providing access for the homeowners to 
wheel their bicycles into the basement. Because these residents of a rural 
and hilly part of Massachusetts relied upon their bicycles for transportation, 
condition of the space in which they store their vehicles is very important.

Prior to the renovation project, the basement was a cold and damp space. 
It often contained standing (sometime flowing) water. The homeowner and 
builder combined efforts to dig trenches in the basement, install drainage piping 
draining to daylight, and load several cubic yards of gravel into the basement. To 
supplement these liquid water control measures, BSC recommended an insulated 
concrete slab in contact with a polyehtylene sheet to provide condensation 
control, vapor diffusion control and to control convective (air flow) transfer of 
moisture and soil gases into the space. BSC also provided a detail to ensure that, 
after spray foam insulation is installed against the foundation walls, any water 
that leaks through the walls is able to drain into the sub-slab drainage system.  

Testing

After the renovation was substantially 
complete, BSC inspected the home 
and conducted performance testing 
of systems to verify that performance 
objectives were met. BSC conducted 
blower door testing to measure the air 
tightness of the building enclosure and 
duct blaster testing to measure the 
duct leakage of the space conditioning 
distribution.

The target air tightness of the closure in 
BSC’s Building America work is 2.5 in2 
of effective leakage area per 100 ft2 of 
building enclosure area. For this home 
the target corresponds to ~925 cfm 
at 50 Pascals (cfm50) or 0.25 cfm50 
per ft2 of enclosure. The National Grid 
Deep Energy Retrofit Pilot set an even 
more aggressive air leakage target of 
0.1 cfm50 per ft2 of enclosure. BSC 
measured air leakage of 468 cfm50 or 
0.13 cfm50 per ft2 of enclosure. While 
falling just short of the Pilot target, these 
results are, nonetheless impressive and 

are a testament to how well the builder 
used the medium density spray foam to 
create a continuous air flow control layer 
around the building.  

BSC conducted duct leakage testing and 
found total duct leakage for the nominal 
3 ton system to be 98 cfm at 25 Pascals. 
Testing measured zero cfm of leakage 
to the outside as was expected with the 

distribution system entirely contained 
within the very air tight thermal enclosure 
of the building.

Moving Forward

BSC conducted analysis of the completed 
project to evaluate its predicted energy 
use under standard operating conditions. 
Because the homeowners evince a very 
low energy lifestyle, it is expected that 
the actual energy use for this home will 
be well below that predicted for the home 
under standard operating conditions.  

Agreements between National Grid 
and the homeowners stipulate that 
the homeowners will make energy 
consumption data available for review 
and analysis for a period including at 
least two full heating seasons after 
completion of the project.

The homeowners have been thrilled with 
the transformation of their home and 
have enthusiastically shared information 
to help others considering a Deep Energy 
Retrofit path.
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