Sustainability and Affordability
How Single-Family Home Retrofits Can Accomplish Both: A Southern Arizona Case Study
Tucson Housing Cost and Affordability
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Intro

Case Study

• Sustainable housing is often perceived to be unaffordable for
the average person, resulting in the environmental, social, and
economic benefits of sustainability only being available to a
small fraction of the population.
• With the threats of climate change and population growth
outstripping the earth’s carrying capacity, sustainable living
must be adopted by more than small segments of society.

•The base case,
•built in 1954, is a typical Tucson slump block constructed, 3
bedroom - 1 bath, 1,344 ft² single-family home on 0.17 acres.
Bought for $117,500 in 2013.
•Assets include:
•north-south solar oriented, trees provide shade, overhangs
shade all but two windows, 16 SEER HVAC, new plumbing and
water main, remodeled interior
•Liabilities include:
• no insulation, poor windows & skylights, south wall is
exposed to summer sun, drafty, maintenance intensive, underinsulated roof, electrical not to code, builder grade plumbing
fixtures, no grey water or rainwater collection systems.
•The Base Retrofit:
• replaces windows and skylights, adds R-15 exterior insulation,
insulated metal roof over existing (R-50+) w/ gutters for rain
collection, back patio is extended the full length of the south
wall, electrical is upgraded, all fixtures upgraded with LED
bulbs, plumbing fixtures replaced, Sloan AQUS greywater toilet
system installed, solar hot water heater added.
•The Retrofit+Addition:
•1875 ft² with addition of bedroom and bath. Receives all of
the improvements described in the Base Retrofit plus shed
dormer windows above kitchen and dining for improved
daylighting and ventilation, optional one car garage, and an
enlarged bath, laundry closet, and open office are created
within the existing floor plan.
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Literature Review
• Climate change is real, and is directly related to man-made
causes.
• Buildings consume 40% of global energy, 40% of global
resources, 25% of water, and produce 1/3 of all greenhouse
gases (GHGs).
•U.S. buildings produce 40% of our total GHG emissions and
produce over 80 million tons of construction and demolition
waste annually.
•Buildings in the U.S. consume 70% of all electricity produced.
• Thermoelectric power generation accounts for more than
45% of all groundwater withdrawals in the U.S.
• U.S. urban land use has quadrupled since 1950, growing
twice as fast as the population.
• Current median-sized homes are 1,000 ft² larger than a home
built in 1970, while family sizes have shrunk.
• Most existing homes could reduce energy usage by 30%
with an investment of only $2,000-5,000.
• If every single-family home in the U.S. installed water-saving
fixtures consumption could be decreased by 30%, or a savings
of 5.4 billion gallons/day.
(Source: IPCC: Climate Change 2013: The Physical Science Basis)

(Source: Sustainable Buildings and Climate Initiative)

(Source: IPCC: Buildings and their Impact on the Environment: A Statistical Summary, 2009).

(Source: water.usgs.gov/watuse/wuto.html)
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Methodology
Climate Consultant Design Strategies

•A survey of existing green/sustainable home listings in
Southern Arizona was compiled to determine availability, cost,
and degree of implementation of sustainable design
principles.
• The median household income and the median affordable
home were determined as a target price range for the retrofit
case studies.
•Climate Consultant 6 software was used to model the Tucson
climate and develop retrofit strategies.
• The case study house was chosen for its base price, style and
construction materials, and the fact that homes built before
1970 represent 1/3 of the building inventory in Tucson.
• Energy modeling programs ResCheck and Energy-10 were
used to test and evaluate the retrofit decisions.
(Source: American Housing Survey, 2013)

Carport

3” Polyiso rigid foam insulation

New operable, energy efficient
skylights

New low-e
vinyl-framed windows

Patio extension

Existing patio

Bedroom and bathroom additions

Remodeled interior: enlarged bathroom,
laundry closet, furnace relocated,
bedroom becomes open office w/skylight

Optional garage, property
line dictates size and shape

New millwork adds storage space

Results & Conclusions
•The Base Retrofit and
Retrofit+Addition
decreased electricity
and total energy
consumption by over
65%, resulting in
significantly lower
emissions compared to
the base case.
•New, energy efficient
homes (30% better
performing than code)
can take 35-50 years to
offset the CO2
produced during
construction, while
retrofits can begin
reducing emissions
immediately.
(Source: National Trust for Historic Preservation)
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•The Base Retrofit cost estimate was $49,486 to implement all
of the proposed strategies. The Retrofit+Addition cost was
$140,816 including the garage, or $104,003 without.
•The Base Retrofit was priced well within the median income
affordable home range ($166,986). The Retrofit+Addition
came in at $258,316.
•Retrofits can achieve affordable sustainability, and even a
substantial remodel priced slightly above median income
affordability can offer significant performance and value
•Retrofits alone cannot meet the housing needs of the future,
but their environmental and economic value should be given
strong consideration.

