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Mechanical Design

�X�+�H�D�W�L�Q�J�� 96% AFUE sealed-
combustion gas furnace with a 
MERV 13 filter.  Furnace installed 
in conditioned space.

�Y�9�H�Q�W�L�O�D�W�L�R�Q�� Central-fan-
integrated supply (CFIS) 
ventilation with Aprilaire controller.

�Z�6�S�D�F�H���&�R�Q�G�L�W�L�R�Q�L�Q�J��
�'�L�V�W�U�L�E�X�W�L�R�Q�� Air handler and 
distribution entirely within 
conditioned space. Sheet metal 
trunks and run-outs. Ducted return 
from first floor with transfer grilles 
above bedroom doors.

�[ �'�+�:�� 0.82 EF on demand gas 
water heater

�\ �/�L�J�K�W�L�Q�J�� 90% ENERGY 
STAR® CFLs

�] �$�S�S�O�L�D�Q�F�H�V�� ENERGY STAR® 
dishwasher, refrigerator and 
clothes washer
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�� ��
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Consruction

The Habitat for Humanity (HfH) 
Construction Supervisor is accustomed 
to the challenges of coordinating a 
rotating crew of volunteers and of 
tailoring the construction to make the 
best use of donated materials.  This 
project faced the added challenges 
inherent in retrofitting a 150 year-old 
building in an historic district.  Students 
in carpentry and plumbing programs 
at nearby Shawsheen Technical High 
School contributed significantly to the 
project.  

Of significant benefit to the high 
performance goals, is the fact that the 
HfH Construction Supervisor had worked 

with BSC on a recently completed 
Building America project.  Many of the 
techniques employed in this project are 
familiar to the builder.  

As might be expect for a retrofit project, 
construction demolition revealed 
conditions have could not have been 
anticipated in the initial design.  The BSC 
design and construction support team 
provided details and revised others in 
order to preserve performance objectives.  

In order to ensure the successful 
implementation of critical details, 
BSC was frequently on site to provide 
construction guidance.  For example, 
BSC conducted a demonstration of the 
window sequence before crews installed 
windows. BSC used blower door and 
duct blaster fans to guide air sealing and 
duct sealing prior to drywall installation 
BSC provided support through frequent 
communication with the site supervisor 
and subcontractors.
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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: Air 
Leakage Control

Initial plans for this project called for air leakage control of 
the wall assembly to be accomplished by a carefully detailed 
housewrap layer applied over the existing sheathing after 
removal of the existing cladding. During the course of several 
protracted project delays, this housewrap layer became 
severely damaged.  Rather than remove and re-apply a 
housewrap air barrier, BSC and HfHGL decided to implement 
the air barrier at the exterior face of insulating sheathing.  

BSC developed details to resolve complex air barrier 
transitions at the base of the wall, windows, mechanical 
penetrations, and at roof-wall transitions.  Visual inspection 
as well as blower-door assisted air barrier remediation 
demonstrated that the air leakage control strategy is highly 
dependent upon workmanship, project schedule, and timing.  

While it certainly is possible to achieve effective air leakage 
control at the exterior face of insulating sheathing, it is likely that 
air leakage control systems implemented at the face of existing 
sheathing will be more readily feasible for retrofit situations.

Testing

After the major construction had been 
completed but before the building 
was turned over to the residence, 
BSC conducted performance testing, 
including overall air infiltration (blower 
door), duct leakage (total and to 
exterior), HVAC system static pressure 
and overall flow, HVAC register flows, 
room pressurization, and ventilation 
system flows.

The total air distribution system leakage 
testing measured 285 cfm at 25 Pa. 
Testing found 50 cfm leakage to the 
outside. The total leakage measurement 
was higher than expected given that 
the HVAC installer had used mastic 
on joints and connections, and that 
duct pressurization was used to help 
volunteers and BSC staff locate and seal 
duct leakage. The fact that the distribution 

system had been reconfigured during 
the course of the project undoubtedly 
affected duct leakage.

Initial whole-building air tightness 
measurements were disappointing. BSC’s 
initial guarded leakage measurement 
was 2560 cfm50 corresponding to 
5.1 in2 per 100 ft2 of enclosure or 9 
ACH50. A team of BSC engineers and 
technicians conducted intensive air 
barrier remediation and achieved a 32% 
reduction in total leakage. The resulting 
guarded leakage is estimated at 3.6 
in2/100 ft2 or just under 5 ACH50. The end 
results fell short of the Building America 
target for new homes but were deemed a 
significantly positive achievement for this 
retrofit situation.

Moving Forward

Through this project, Habitat for Humanity 
of Greater Lowell has demonstrated that 
a high performance housing is achievable 
even in the face of the triple challenge of 
retrofit, affordable housing, and volunteer 

labor. The projected energy performance 
represents a significant improvement 
relative to typical US housing stock and 
compared to code-built new construction 
built by building professionals.

BSC developed many construction 
details to allow this project to achieve its 
high performance objects. Through the 
challenges of implementing an effective 
air barrier, BSC has identified more 
robust, less workmanship-dependent 
systems to ease the achievement of high 
performance on successive projects.


