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Background
The intersection between health and the built environment has long been known. Since the 18th century, public
health officials have been targeting building issues, such as crowding, poor sanitation, and inadequate
ventilation in efforts to reduce infectious diseases and fire hazards.1 More recently, federal agencies, such as
the U.S. Environmental Protection Agency (EPA), the Centers for Disease Control and Prevention, HUD, and
the DOE have been working to reduce or eliminate indoor building factors that are known to have adverse
health impacts on Americans, including reducing lead in housing and indoor air pollution that causes
respiratory disease, and ensuring access to adequate heating, cooling, and moisture control.
PNNL, in support of FEMP’s Healthy Buildings Toolkit, undertook a review of literature and existing best
practices to identify current activities and research on the intersection between traditional energy-efficiency
measures and occupant health within multi-family buildings. While the Toolkit methodology has focused on
traditional office building spaces, it is now expanding into additional building use types. This overview
explores some of the most impactful resources to help property owners and managers understand more about
multi-family residential buildings that are both healthy and energy efficient. The federal government provides
direct oversight and operation across several types of multi-family residential housing, including dormitories,
barracks, and senior community living centers.

Healthy Buildings Toolkit
The methodology developed by PNNL (outlined in Figure 1) estimates the potential financial gains from
occupant productivity improvements and identifies specific modifications customized for that building. The
Healthy Buildings Toolkit currently evaluates commercial and public office buildings but may be expanded to
include multi-family buildings in subsequent editions. There are three modules within the overall
methodology framework:
1. The Performance Baseline Module collects baseline indoor environmental quality (IEQ) data by
monitoring parameters such as carbon dioxide, temperature, humidity, and light levels, and administering
an occupant survey;
2. The Improvement Opportunities Module uses the baseline IEQ data to guide the collection of additional
building characteristic, operation, and asset information needed to understand the reasons for any IEQ
issues. This information is used to identify specific improvement actions to help achieve the IEQ targets;
and
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3. The Productivity Financial Gains Module uses the data collected in Module 1 to estimate the potential
productivity improvement for a building. PNNL developed a series of correlations between IEQ metrics
and human productivity from a meta-analysis of 51 experimental conditions from peer reviewed
academic studies. The potential productivity gains between the baseline IEQ values and the target IEQ
values are converted to financial gains using the cost of employees in the building.

Figure 1. Modules comprising the Healthy Buildings Toolkit.

Multi-family Buildings: Opportunity Space
This case study reviews existing literature and program areas that target multi-family buildings. In the U.S.,
one in five people, approximately 80 million, live in some type of multi-family building.2 It is estimated that
comprehensive and cost-effective energy-efficiency upgrades could improve the efficiency of multi-family
residential buildings by 15-30%, saving $3.4 billion in utility costs across the U.S.3 With 24% of Americans
doing some or all of their work at home,4 this represents an important opportunity space when reviewing the
connection between health and energy—especially given potential productivity impacts on occupants.

HUD STRATEGIC PLANNING TOOLS
A Capital Needs Assessment (CNA) is an
evaluation strategy for Public Housing
Authorities (PHA) to prioritize HVAC, structural,
electrical, and site improvements and leverage
funds for all PHA units. A CNA will identify
improvements to the building envelope and
HVAC system which can lead to reducing energy
consumption and creating healthier public living
environments.
HUD-assisted housing assessors can manage
the project with the CNA e-Tool released in
2016. The CNA e-Tool is mandatory for
properties seeking Federal Housing Association
(FHA) insurance. The FHA Green Mortgage
Insurance Premium gives a 44-58% reduction to
borrowers on their mortgage premium for
meeting qualifications in one of the designated
green building certifications.5
HUD’s strategic planning tools have enabled
energy efficiency and indoor environment
upgrades in many multi-family buildings;
however, there is an opportunity to expand the
health considerations and strategies beyond
what is currently available in these programs for
millions of U.S. residents.

The definition of a multi-family building differs slightly
depending on the agency or code consulted. For example,
ASHRAE/IES 90.1 and 90.2 defines mid- and high-rise
multi-family buildings as having more than three stories
above grade and low-rise multi-family buildings as three
stories or fewer above grade containing three or more
individual units. HUD defined multi-family buildings as
five or more units, regardless of stories. Definitions across
state codes or energy-efficiency programs may similarly
vary.
Multi-family residential buildings face distinct challenges
to maintain or improve indoor air quality compared to
single-family homes. Spaces, equipment, building
operations, and purchasing power often have conflicting
incentives and can depend on the leasing and ownership
structure. Additionally, these buildings can be mixed-use,
including both residential units and commercial space,
such as retail units or office spaces. Mixed spaces can
introduce contaminants not typically found in single
residential units, generating a broader range of indoor
pollutants.6
The U.S. Department of Defense (DoD) provides housing
for its service members and military families. While the
majority of military families utilize housing allowances in
privatized housing, approximately 10% are housed in
DoD owned and operated units.7 On-base housing has an
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average age of 33 years old, and approximately a quarter is over 40 years old. Single, junior-enlisted service
members are required to live in barracks, which are often “sub-standard, inadequately maintained, or
obsolete.” DoD has found a connection between quality housing and personnel retention, noting that the
proportion of personnel remaining in service from bases with high quality housing is about 15% higher than
those stated at places with low quality housing.8 According to a 2014 U.S. Government Accountability Office
report, the majority of the U.S. Department of State’s overseas leased properties are multi-family residences,
spending an estimated $500 million on leases in 2013.9 Only 15% of these overseas residential properties are
federally owned.
As of 2017, HUD annually spends $6.9 billion per year on energy and water subsidies and allowances across
its almost 5 million units of public and assisted housing and Section 8 housing choice vouchers (a form of
government rent assistance).10 Energy expenditures have declined an estimated 16.3% over seven years, with
energy upgrades in 128,000 units in 2017 and new Energy Performance Contracts financing an estimated
$400 million in savings across 64,000 units. With the expansion of the Rental Assistance Demonstration by
Congress in 2015, HUD and other public housing owners have been able to take on more debt, which has
enabled energy efficiency and health upgrades that were previously not feasible in 185,000 units.11

Multi-family Energy Efficiency Measures with Health
Impacts
Within the energy efficiency sector, much has been written about non-energy benefits driving consumer uptake
of energy efficiency technologies and systems.12 In a previous case study, HBI discussed certification
programs that promote health in commercial and multi-family buildings focusing on Facility Innovations
Toward Wellness Environmental Leadership (Fitwel) certification and the International WELL Building
Institute’s WELL Building Standard, among others. Both programs have developed special modules for multifamily residential buildings and Fannie Mae's Healthy Housing Rewards program provides discounts to multifamily affordable housing providers on capital loans for investing in healthy building improvements and
obtaining Fitwel certification.13 Enterprise Green Communities is another certification program that is very
common for affordable housing projects. This section reviews health considerations and linkages between
energy efficiency measures in multi-family buildings.

Noise
Studies have increasingly recognized noise as having an impact on health, affecting not only the auditory
system but also resulting in annoyance, sleep disturbance, and increased risk of hypertension, heart attack, and
stroke.14,15 The World Health Organization Regional Office for Europe estimated that in Western Europe, the
disability-adjusted life-years (number of years lost due to ill-health, disability, or early death) lost annually
from environmental noise include 61,000 due to heart disease, 45,000 for cognitive impairment of children,
and 903,000 from noise-induced sleep disturbance.16,17
Noise Measures: Windows and Envelope
Windows can provide valuable health benefits, such as exterior noise reduction when double- or triple-paned
glass is used, or an insulated window film is applied.18 Sound requires air to travel through, meaning even
basic weatherization and efficiency measures, such as air sealing with caulk, can also reduce noise. Fitwel,
Enterprise Green Communities, and WELL have noise control measures that can reduce noise from both
exterior sources and interior sources. Fitwel acoustical control measures include sealing windows and doors to
reduce exterior noise19 and WELL recommends sound barriers, absorption, and masking technologies and
construction practices.20 Fitwel also references sound and vibration-absorption materials, such as fiberglass
thermal insulation material, which can enhance thermal comfort in addition to the sound reduction benefits.
Enterprise Green Communities offers three options for compliance: testing that noise levels do not exceed
continuous and single-event thresholds; provide a noise abatement plan; or make sure walls, windows,
ceilings, floors, and doors meet sound transmission class rating thresholds.21

3

Lighting
The average U.S. household spends about 5% of its energy budget on lighting.22 Traditional energy efficiency
approaches to lighting include switching from conventional lighting to highly-efficient bulbs (e.g., LEDs),
which the DOE estimated enabled 1.1 quads of energy savings in 2017, resulting in $12 billion in savings for
U.S. consumers.23 Additionally, energy-efficient lighting design includes maximizing the use of daylighting to
reduce the need for artificial lighting entirely during daylight hours.
In addition to energy consumption, lighting can have major impacts on occupant satisfaction within a space.
For example, one survey of occupants within multi-family residential buildings found that the levels of
satisfaction with lighting improved with better quality and longer duration of daylighting.24 Humans naturally
produce melatonin during the dark hours and stop production upon optic exposure to daylight; when exposed
to sunlight (or blue or white artificial light with sufficient intensity) in the morning and midday, natural
melatonin production can occur sooner in the evening and reduce sleep latency (time to fall asleep) and sleep
efficiency (time in bed spent sleeping) at night.25 While daylighting is the best option to regulate sleep cycles,
LEDs with a tunable color spectrum can provide an alternative when daylighting is inadequate. This concept of
using light to cater to humans’ biological sleep cycles is called circadian-rhythm lighting design. Its health
impact has been observed in studies in nursing homes, with one study finding residents slept better and had a
decrease in agitated behaviors (yelling and crying) after a color-tuning LED system replaced fluorescent
bulbs.26
Multiple certification systems provide daylighting measures within their multi-family programs. For example,
the U.S. Green Building Council’s Leadership in Energy and Environmental Design (LEED) v4 for multifamily residential buildings requires minimum access to daylight in living spaces across 90% of floor area in
residential units in addition to daylight for the building, or should provide “quality views.”27 Both Fitwel and
WELL healthy building certification programs also include requirements for daylight access, with WELL
specifying measures for occupant control of lighting environments, as well as daylight simulation, circadian
lighting design, and electric light quality.28 Enterprise Green Community requires meeting minimum
illumination levels from overhead lighting and recommends including daylight in design.29

Indoor Air Quality
Residential activities can result in the creation of indoor pollutants, such as nitrogen dioxide produced from
cooking on a gas stove, indoor gas heaters, or smoking. Pediatric asthma can be exacerbated by such
pollutants, including both particulate matter and nitrogen dioxide (NO2).30 Indoor NO2 concentration can
adversely impact asthmatic children even at levels well below EPA outdoor standards across urban and
suburban homes. Research has demonstrated that even a 5 part-per billion (ppb) increase in NO2 exposure
above a threshold of 6 ppb can result in increased risk of severe asthma symptoms that can lead to increased
hospital treatment in children.31
Indoor Air Quality Measures: Windows and Envelopes
A simple method of decreasing the concentration of indoor pollutants is to increase natural ventilation by
opening windows and doors.32 Both Fitwel and WELL multi-family residential building certification programs
include measures for operable windows in all dwelling units. However, for multi-family buildings in highdensity urban centers, there can be a trade-off between opening windows to address indoor air pollutants and
introducing exterior pollutants (e.g., pollutants from nearby traffic or construction). An efficient exhaust or
ventilation system with particle filtration becomes more critical in these locations.
As the building envelope is tightened and less outdoor air can leak in, indoor air quality problems can be
exacerbated due to lack of overall ventilation supplied to the building, although thermal comfort and moisture
control is benefited.33 On the other hand, under-sealing in multi-family residential buildings face unique
challenges in terms of indoor air quality, including outdoor pollutants entering the building without filtration
and indoor pollutants moving from unit to unit. Residents often can seal or caulk their unit but have limited

4

ability to make changes to the building structure itself,34 making it a responsibility of the building operator to
increase ventilation to over-sealed spaces to reduce buildup of indoor air pollutants.
Indoor Air Quality Measures: Ventilation System and Pollutants
ANSI/ASHRAE Standard 62.2 provides standards for ventilation and acceptable indoor air quality in
residential buildings and was most recently updated in 2019. Enterprise Green Communities, Fitwel, and
WELL multi-family residential building certification programs include measures related to air quality. WELL
focuses on effective and enhanced ventilation, including:
• giving credit for increased outdoor air supply 30% above ASHRAE 62.2, and an additional credit for
60% above;
• demand-controlled ventilation targeting CO2 thresholds with increasing credits of 900 ppm, 750 ppm,
and 600 ppm;
• and meeting thresholds for particulate matter, organic gases, and inorganic gases.35
Fitwel includes testing requirements for indoor air quality, requiring certified buildings to comply with a
minimum of five measures of the following list:
• particulate matter (less than 25 μg/m³);
• carbon dioxide (less than 1100 ppm or 700 ppm
over ambient);

NON-ENERGY BENEFITS FROM
RESIDENTIAL WEATHERIZATION

• total volatile organic compounds (less than
500 μg/m³);

Oak Ridge National Laboratory (ORNL) led a
multi-year evaluation of the DOE’s Weatherization
Assistance Program covering program years
2008 and 2010. Typical weatherization
measures could include mechanical measures
(heating and/or cooling systems, programmable
thermostats, water heaters), building shell
measures (insulation, air sealing, window/door
repair or replacement), and electric and water
measures (efficient lighting).38

• carbon monoxide (less than 9 ppm);
• formaldehyde (less than 27 ppb); and
• relative humidity (between 30-60%).36
Enterprise Green Communities requires conforming to
ASHRAE 62.1 mechanical ventilation system and
direct exhaust requirements and verifying that the
ventilation rate meets the design specifications and
recommends installing mechanical efficiency rating
value (MERV) 13 particle filters.37

ORNL found that for every $1 invested in
weatherization, participants received $2.78 in
non-energy benefits; after weatherization,
families had “more livable” homes, missed fewer
days of work, and decreased out-of-pocket
medical expenses by an annual average of
$514.12 of the 11 health-related non-energy
benefits evaluated,39 five link to measures
included in the HBI methodology, including:
reduced thermal stress on occupants, reduced
asthma-related medical care and costs,
increased productivity at work due to
improvements in sleep, increased productivity at
home due to improvements in sleep, and fewer
missed days at work. The evaluation also found
over 30% of respondents reported improved
health benefits and found statistically significant
drops in visiting the emergency room and being
hospitalized after weatherization for those with
severe asthma.40

Thermal Comfort
In multi-family residential buildings, heating and
cooling is either controlled by the resident via
individual controls (e.g., thermostat), the building
operator centrally, or some combination of the two
(e.g., heating or air conditioning controlled centrally,
but occupant has some control over the temperature in
their unit). Public housing agencies operating in states
or localities have minimum heating requirements in
public housing. If no local standards exist, they are
required to follow guidance issued by HUD, which
requires minimum unit temperatures of 68 degrees
Fahrenheit and the requirement that indoor
temperatures should not drop below 55 degrees
Fahrenheit as outdoor temperature approaches the
design temperature of equipment.41 ANSI/ASHRAE
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55-2017 provides standards for thermal environmental conditions for human occupancy, specifying a threshold
and methodology for calculating thermal comfort based on a variety of environmental factors (e.g.,
temperature and humidity) and personal factors (e.g., activity, clothing).
Beyond the immediate life and safety impacts from thermal conditions, there are benefits of further improving
thermal comfort. For example, research has shown a connection between thermal comfort and sleep quality.42
Research has shown a connection between poor sleep and numerous health outcomes, including depression,
suicide, anxiety and disability,43,44,45 diabetes, obesity, and hypertension.46,47,48 Those who report excessive
daytime sleepiness due to disturbed sleep also report impacts on activities, mood, and acuity.49 Research has
similarly shown a linkage between sleep quality and productivity in the workplace, with one experiment
showing a decrease in productivity related to tiredness or sleepiness up to 6.1%, resulting in an estimated cost
per employee linked to an annual productivity decrease of $3,156.50 Increasing occupant control of the
temperature in sleeping spaces, such as bedrooms, may help improve the quality of sleep and increase positive
health and productivity outcomes.

THE BRIGHT STUDY
From 2011 to 2014, funded by the HUD 2010
Healthy Homes Technical Studies grant, the
Boston Housing Authority teamed up with the
Harvard T.H. Chan School of Public Health to
investigate the effects of IEQ on resident health,
satisfaction, and comfort.51 The study
established three groups of occupants: a control
group living in old, conventional housing units for
two years, an experimental group of occupants
switching from old units to redeveloped units
after one year, and a group who lived in new,
healthy units for the two years of the study.

Thermal Comfort Measures: Windows and Envelope
Typically, energy efficiency and weatherization
programs seek to upgrade windows in existing buildings
as inefficient windows can be responsible for 25-30% of
residential heating and cooling use.54 When inefficient or
damaged windows let in excess heat or cold air, residents
must rely on heating and cooling systems to make up the
difference; this can result in extra charges in energy bills
or, if the system’s capacity cannot handle the load,
uncomfortable occupants potentially to the point of life,
health, and safety implications.

Associations of adverse health outcomes with
excessively hot and excessively cold weather are well
The study confirmed the IEQ improvement
documented, resulting in increased prevalence of death
between the old units and the new units: 65%
and hospitalizations.55 Extreme temperature can
lower NO2, 57% lower PM2.5, and 93% lower
especially impact vulnerable populations; extreme heat,
nicotine.52 They found that this IEQ difference
for example, often disproportionately impacts the
correlated to 47% fewer sick building syndrome
elderly, pregnant women, and infants. People with
symptoms, school absences, and hospital visits
cardiovascular or respiratory disease, diabetes, obesity,
in asthmatic children.53
and conditions, such as asthma, are at greater risk from
heat exposure.56 Increased envelope insulation and reduced infiltration not only save energy, but also make
sure a safe and healthy shelter for residents.
Both WELL and Fitwel include thermal comfort measures, with Fitwel requiring access to thermal comfort
control devices (such as, thermostat controls, building management systems that allow for temperature
requests, or stand-alone fans)57 and WELL recommending thermal comfort ranges, occupant satisfaction
levels, humidity control, and individual control of thermal comfort.58 Enterprise Green Communities requires
designing to maintain relative humidity below 60% or monitoring relative humidity and infrastructure for
dehumidification if needed.59

Conclusions
Traditionally, multi-family buildings represent a challenging building type for many in the energy-efficiency
sector given competing definitions, ownership issues, and multiple stakeholders. Implementing energy
efficiency upgrades may become more feasible if the non-energy benefits, in the form of positive health
outcomes for occupants, are included in calculations. The existing multi-family research links IEQ
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components, such as thermal comfort, noise, lighting, and air quality to health impacts, such as sleep quality
and various illnesses and disease. These health gains could be quantified by healthcare costs or equivalent
years of life lost.
The IEQ categories studied in multi-family buildings are similar to those used in the Toolkit methodology
(electric light, daylight, thermal comfort, and indoor air quality). The current methodology only quantifies
health benefits related to employee productivity and financial incentives for employers. By expanding this
research to the residential sector, a novel incentive structure will be possible for multi-family buildings.
The multi-family research presented
in this document identifies specific
opportunities to explore and take
advantage of the intersection of
energy efficiency with health aspects
to improve overall occupant
satisfaction, comfort, and well-being.
Given the special populations that
tend to make up larger populations
within federally operated or owned
multi-family residential buildings,
establishing specific use cases,
resources, or tools within the
Healthy Buildings Toolkit may
expand opportunities for “win-win”
solutions.
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