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Since the onset of the pandemic, SFCS has been researching and gathering information 
to help senior living communities make their built environment safer and healthier.

This, the third paper in the SFCS series of publications 
regarding healthy living, has been developed to continue the 
conversation about the use of good design, and current and 
emerging technology to make life safe and enriching for our 
residents and staff.  

Protecting residents, staff, and visitors from highly contagious 
viral pathogens, such as coronavirus, flu, and those yet to 
be seen, brings to question what communities can do in the 
future to prepare and protect themselves during  such events. 
Much of the solution and protection involves procedures, 
staffing, and training. This paper primarily explores the role 
engineering systems can play, providing the best practices for 
any community serving seniors in a congregate setting. 

This paper is comprised of three sections. Section one 
explores current design parameters and the best practices for 
HVAC systems. Section two focuses on adaptation strategies 
for existing communities and systems to provide better 
isolation and protection of residents. Finally, section three 
looks at evolving systems and technologies, both available 
and in-development.

Introduction:
Design for 
   Healthy Living     

Heating, Ventilating, and Air Conditioning 
(HVAC) Systems Design

The design, construction, and maintenance of the building’s HVAC 
systems are key components in maintaining a healthy environment 
in facilities. Design of skilled nursing and assisted living facilities 
is generally governed by the Facility Guidelines Institute’s (FGI) 
Guidelines for Residential Health Care and Support Facilities and 
American Society of Heating, Refrigerating and Air-Conditioning 
Engineers’ (ASHRAE) Standard 170: Ventilation of Health Care 
Facilities. In most localities, these are Code requirements for 
the design of facilities. Independent Living (IL) building design is 
generally governed by the International Mechanical Code(s) or 
Residential Building Codes. Though the Code requirements for 
IL buildings are much less stringent than that of Health Care and 
Assisted Living, given the recent pandemic and lessons learned,  
design in these settings to limit the spread of infectious diseases is 
equally important.  Common areas and spaces for recreation and 
public gathering pose a unique set of design challenges since the 
HVAC systems are serving large spaces through central systems, 
and since the spaces have occupant loadings that can widely vary 
throughout a typical day. 

SECTION ONE: CURRENT HVAC SYSTEMS 
DESIGN STRATEGIES AND PARAMETERS 
FOR HEALTHY LIVING



Heating, Ventilating, and Air Conditioning 
(HVAC) Systems Design (continued)

The key elements in maintaining a healthy environment are 
ventilation and exhaust, space pressurization, and temperature 
and humidity control. Ventilation, the introduction of outdoor 
air into occupied spaces, is generally provided by mechanical 
ventilation, as required by Code. In some cases, where allowed 
for Assisted Living and Independent Living, natural ventilation 
may be incorporated utilizing operable doors and windows; 
however, this is generally found in older buildings and in buildings 
that are developed to be first cost sensitive. Reliance on operable 
systems, such as windows and doors, for natural ventilation 
and prevention of the spread of pathogens falls short of best 
design practices. This is because, typically, residents do not use 
these operable systems much of the year. For newer facilities, 
mechanical ventilation is usually employed as a best practice. 

Exhaust of air is removed from resident room bathrooms, staff and 
public bathrooms, bathing rooms and spas, soiled utility rooms, 
janitor’s closets, and other ancillary spaces, as required by Code. 
This is done by the use of central fans operating continuously 
to remove odors and contaminants from these spaces, and to 
provide a negative pressure to pull fresh/filtered air in through 
space pressurization. 

Space Pressurization is the control of airflow so that “clean” 
air flows toward “dirty” air, and is exhausted out of the building. 
Negative pressure is accomplished by exhausting more air from a 
space than the ventilation air that is being supplied to the space. 
Pressure is controlled and monitored through balancing of the 
systems and system control electronic monitoring systems. Some 
areas, such as clean utility rooms, require positive pressurization 
with clean ventilation air supplied to the space greater than any 

exhaust from the 
space to prevent 
c o n t a m i n a n t s 
from other areas 
from entering the 
room. In addition 
v e n t i l a t i o n , 
temperature and 
humidity control 
play an important 
role not only in 
occupant comfort, 

but in maintaining a healthy environment. Controlling indoor 
humidity levels through direct humidification and dehumidification 
can help maintain conditions that reduce the spread of viruses. 

The Sterling chart above, first published by ASHRAE in 1985, 
highlights the optimum range of humidity to limit the prevalence of 
bacteria and viruses. of bacteria and viruses. 

SECTION ONE: CURRENT HVAC SYSTEMS 
DESIGN STRATEGIES AND PARAMETERS 
FOR HEALTHY LIVING

The following are design features that SFCS currently employs 
in the design of senior care communities, in compliance with 
Codes and ASHRAE guidelines, that may affect resident 
health and safety:

Ventilation and Exhaust 

Continuous outdoor ventilation air and exhaust air for a Health 
Care facility is typically provided by Dedicated Outdoor Air 
Systems (DOAS) and 
Central Exhaust Air Systems 
(CEAS). DOAS conditions 
the outdoor ventilation air to 
room conditions by heating, 
cooling, dehumidifying, and/
or humidifying. This process 
supplies the ventilation air 
directly to occupied spaces. 
Outdoor air is filtered to 
higher levels than typical 
room HVAC units with 
minimum efficiency ratings 
of MERV 13, or 90% efficiency. Energy recovery can be employed 
in accordance with current Energy Codes to recover energy from 
the exhaust air to precondition the outdoor ventilation air. This 
is often an energy recovery wheel located in the DOAS that 
rotates between the exhaust airstream and the outdoor airstream 
to transfer heat, as well as moisture, to reduce dehumidification 
loads in warmer months and to  increase humidity colder seasons.

Skilled Care Resident Room 

The typical Skilled Care Resident Room Design has at least two 
air changes per hour (ACH) of conditioned outdoor ventilation air 
continuously supplied to each room. This is commonly supplied 
separately from the room heating/cooling supply air and is 

introduced near the 
entry to the room. To 
ensure that air volume 
is filtered frequently 
enough to remove 
particulate, six ACH of 
conditioned air should 
be continuously 
recirculated within 
the space by terminal 

HVAC equipment. Ten ACH of continuous exhaust air from the 
resident room bathroom, with a neutral or slight negative pressure 
relative to the central corridor or commons areas, is maintained 
with slightly more air exhausted from the bathroom than the 
ventilation air supplied to the room.
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SECTION ONE: CURRENT HVAC SYSTEMS 
DESIGN STRATEGIES AND PARAMETERS 
FOR HEALTHY LIVING

Ventilation and Exhaust (continued)

Resident Gathering Areas

The typical Resident Gathering Areas, such as dining, living, and activity rooms, 
have design parameters of four ACH of conditioned outdoor ventilation air 
continuously supplied to each room. This is either supplied separately from the 
room heating/cooling supply air, or introduced into the unit return to mix with room 
air. 

Common and good design practices feature the following:

• Air is not recirculated to other spaces, but only within spaces. All ventilation 
air that is supplied to the resident rooms is exhausted to the outside.

• Maintaining a neutral or slight negative pressure in the resident rooms will 
minimize potential for air from the resident rooms getting back out into the 
corridor, however, it will not prevent its occurrence.

• The energy recovery wheel allows the potential for cross-contamination of 
the ventilation supply air stream through the energy recovery wheel by the 
exhaust airstream. Although any carryover into the ventilation airstream would 
be greatly diluted, its use is not completely effective in isolating the exhaust 
from the ventilation air. 

• Energy recovery wheel heat exchangers that are properly constructed, 
installed, and maintained have almost zero transfer of particle-bound 
pollutants, including air-borne bacteria and viruses. However, rotary heat 
exchangers that are not properly installed have potential to carry over 
contaminants from the exhaust stream to the incoming fresh air.

Assisted Living Rooms

Assisted Living (AL) rooms are not necessarily required to be designed to the 
same standards as Skilled Care Rooms. Code requirements may vary by locality 
and require verification, but often, 
codes and regulations allow AL rooms 
to be designed to more residential 
standards with reduced ventilation 
and exhaust airflows. While less 
expensive to construct and maintain, 
these typical code requirements and 
standards can leave our Assisted 
Living residents who tend to be frail 
and medically complex vulnerable to 
the spread of pathogens.  

It is common practice by SFCS to 
design AL occupancies to the same standards as Skilled Care, providing at least 
2 ACH of continuous conditioned outdoor ventilation air to resident rooms and 10 
ACH of continuous exhaust from resident room bathrooms. 
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Ventilation and Exhaust (continued)

Independent Living Buildings and Apartments

Independent Living Buildings and Apartments are designed to 
less stringent standards than that of Health Care and Assisted 
Living environments. Outdoor ventilation airflow rates for 
mechanical ventilation of apartments is 15 cubic feet per minute 
(CFM) per person, or a minimum of 0.35 ACH. However, in 
certain jurisdictions, operable windows and doors may satisfy 
the Code for natural ventilation, eliminating the need for 

direct mechanical ventilation air supply. This is becoming less 
common, particularly in larger apartment buildings, as building 
construction guidelines have become increasingly restrictive. 
In some localities, Codes do not allow the application of 
Natural Ventilation. Although central exhaust air systems 
with continuous exhaust airflow from resident bathrooms are 
employed in some of the larger apartment buildings, many are 
designed with switched intermittent bathroom exhaust fans 
that do not run continuously, causing dramatic fluctuations in 
ventilation rates during the day. Therefore, consideration must 
be given to adequate ventilation during times when the fan(s) 
may not be in operation. 

Community Center Spaces and Common Areas
Community Center spaces and common areas shared by all 
residents, staff, and visitors are of great concern as we begin 
to re-open these important social spaces. Areas such as dining 
rooms, spas, wellness centers, social halls and theaters, and 
meeting rooms should employ similar tactics and systems as 
other areas throughout the community. The introduction of 
fresh air, robust filtration, humidity control and proper air flow, 
and direction will all contribute to a system that can minimize 
the transmission of pathogens.   

Temperature and Humidity Control

Dedicated, recirculating type room AC Units typically provide 
independent heating and cooling for individual rooms and 
spaces. One unit is provided for each resident room or 
apartment while common areas (resident dining, living, and 
gathering spaces, etc.) may be served using a single HVAC 
unit or multiple units, depending on the areas served, system 
zoning, and climate. The types of units commonly employed 
for resident apartments and living spaces are:  

• Four-Pipe Fan coil units, ducted or non-ducted.

• Variable Refrigerant Flow (VRF) System Fan coil units, 
ducted or non-ducted.

• Water Source heat pumps, ducted or non-ducted.

• Packaged terminal AC or heat pump units (through-wall).

Ducted room systems commonly have a ceiling filter grille or 
a filter at the unit, featuring disposable pleated media type 
filters, having filtration efficiency of minimum MERV 7, or 
30% efficiency. Non-ducted units, however, commonly have a 
cleanable or disposable filter with a much lower efficiency rating, 
resulting in a less effective filtration of the air. Under normal 
design conditions, typical rooms are maintained between 
70-75°F with individual room temperature controls. Space 
humidity is commonly maintained between 30-55% relative 
humidity (RH). Individual room humidity control is generally 
not provided in traditional design(s). Rather, dehumidification 
and humidification is provided by the DOAS, with control of 
space humidity levels at the system level. Overall building 
humidity levels are maintained, but not for specific rooms. 
Controlling humidity may be the single best measure that 
can help prevent infections. 
Unfortunately, humidification 
is not incorporated on all 
projects, and is often “value-
engineered” out of the project 
scope in order to save cost. 
Even when employed in the 
design, humidifiers require 
regular maintenance and are 
frequently abandoned due to 
failure over time. Maintenance 
and operational diligence 
is the key to good system 
performance, optimum 
energy savings, resident 
health, and sustainable 
system costs.  

Typical Skilled Care Resident Room 
with current design features.

SECTION ONE: CURRENT HVAC SYSTEMS 
DESIGN STRATEGIES AND PARAMETERS 
FOR HEALTHY LIVING
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SECTION TWO: ADAPTATION 
STRATEGIES FOR SAFETY 
AND ISOLATION

Faced with the recent pandemic, many communities have 
been tasked with adapting their existing rooms to “isolate” 
residents and provide as safe of an environment as possible 
for residents and staff as quickly as possible. The following are 
measures that could be taken to enhance and adapt typical 
resident rooms for isolation purposes.

Evaluation of Existing Systems

As a first step, it is necessary to verify the type of existing 
system(s) that exist to evaluate their suitability for modification 
for increased isolation and filtration. Through on-site 
investigation or a detailed evaluation of available technical 
documents, one can determine whether rooms are served 
by a dedicated or central ventilation air system. If the system 
exhaust air directs from a resident room or private bathroom, 
then the central exhaust system incorporates energy recovery. 
If the resident rooms utilize a recirculating system, it is 
necessary to determine the type of air filtration system and 
minimum airflow rating for the filters recommended by the 
manufacturer or system designer.

The layout of room systems and air distribution can also play 
a critical role in how a system functions, determining if or 
how it may spread pathogens and dust throughout a space. 
To evaluate a pre-existing system, take note of the room’s 
A/C unit return air location(s), supply air location(s), and if a 
separate ventilation system exists, note the room ventilation 
supply and exhaust location to determine how effective or 
ineffective your system is at spreading particulate.

Measurement of existing airflows with specialized equipment 
is necessary to determine current airflow/pressurization. 
Measurements should be performed by qualified maintenance 
staff or a test and balance consultant. If feasible, modifications 
of existing ventilation supply and exhaust should be performed 
to create a negative pressure of a minimum 0.01” water gauge 
(wg), with the doors closed. Exhaust airflow should exceed 
supply airflow by at least 30%. If the current system does 
not have exhaust airflow in excess of the ventilation supply, 
additional exhaust to achieve 6 to 12 air changes per hour 
may be provided by adjusting existing central system exhaust 
air systems to increase exhaust air flow through the addition 
of a dedicated exhaust fan in each room discharging to the 
outside. Note that the fan discharge to the outside should be 
a minimum of 25’ away from the outdoor air intake louvers, 
operable doors, and operable windows. 

Exhaust air units incorporating HEPA filters or UV lights may 
be utilized to treat air prior to exhausting from the building 
where 25’ separation of openings into the building cannot be 
achieved and re-entrainment is a concern.

Other tactics that may be used in lieu of or in addition to the 
improvement of the exhaust air systems include the addition 
of a portable room HEPA filter unit in each room to achieve 
12 ACH of filtered, recirculated air. The unit inlet should be 
located near the resident bed, recirculating air back to the 
space and/or to the return of the recirculating room AC unit. 
Note, however, that portable HEPA filters are costly, noisy, and 
require frequent filter changes. The creation of a temporary 
barrier at the entrance to a room, or set of rooms, provides a 

“clean” anteroom that serves to separate and isolate a particular 
room, or set of rooms, from corridors and public spaces. This 
isolation will decrease the likelihood of contamination. If the 
anteroom is outfitted with a sanitization station, it adds another 
layer of decontamination every time a person enters or leaves 
a particular space. Often, it is not practical to have such an 
anteroom serving one room. However, by assigning a block of 
rooms to be used for isolation with a central anteroom created 
in the corridor to the suite, we can separate the isolated suite 
of rooms from the remainder of the resident areas and public 
spaces. As discussed in greater detail in other portions of 
this paper, the application of Ultraviolet Germicidal Irradiation 
(UVGI) or Bi-Polar Ionization technologies to existing room 
HVAC equipment, ductwork, and central systems should also 
be considered.
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SECTION TWO: ADAPTATION 
STRATEGIES FOR SAFETY 
AND ISOLATION

Airborne Infection Isolation Rooms (A.I.I.R.)

Airborne Infection Isolation Rooms (A.I.I.R.) may be provided 
in some communities, although they are no longer common 
for nursing and assisted living environments. The A.I.I.R. is 
a special room used to house a resident with an infectious 
disease. The room is designed to contain and prevent the 
spread of the disease to other areas of the building, offering 
protection to staff and other residents. Also referred to as 
a negative pressure room, it operates by exhausting all air 
in the space directly to the outside by pulling air through 
the closed door from the adjacent corridor, preventing the 
escape of airborne particulates from the space into adjacent 
staff and public spaces. In some localities, these may be 
required by Code, but generally are not. Communities 
equipped with A.I.I.R. typically only have one or two rooms 
that may be designated as Isolation Rooms. As a result, their 
use in a pandemic is limited by availability. The following are 
design features of the A.I.I.R. in accordance with ASHRAE 
170 Guidelines:

• Negative air pressure maintained in the room relative  
to adjacent corridor.Variable Refrigerant Flow (VRF) 
System Fan coil units, ducted or non-ducted.

  - Exhaust air from the space ~30% more than
    ventilation supply air to the space.

  - Negative air pressure of 0.01” wg maintained in the 
    room with door to the corridor closed.

• Minimum 12 ACH total exhaust airflow in space (minimum 6 
ACH for existing facilities).

• Minimum 2 ACH of outdoor ventilation air supply to the room.

• Exhaust air directly to the outside minimum 25’ from outdoor air 
intake louvers and any openings into the building (i.e. doors and 
operable windows).

• Recirculating type room units are prohibited; all air supplied to 
the space is exhausted to the outside.

- If using ducted fan coil unit or water source heat pump for 
room temperature control, return air may be pulled from 
adjacent corridor so that the unit only supplies air into the 
room, but does not return air from the room. All air exhausted 
from the space.

• Exhaust air inlet located in the resident room as well as in the 
resident bathroom with air inlet located near the head of the 
resident bed or breathing zone. Airflow in the room should be 
away from the corridor toward the resident bed.

• Seal all openings into the room:

  - Windows locked shut.

  - Wall penetrations and electrical outlets sealed.

  - Gasketing at windows and doors.

Design for Healthy Living I 2020 · SFCS Architects White Paper
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SECTION THREE: FUTURE DESIGN 
AND TECHNOLOGY FOR 
SENIOR LIVING

As we move into the future and beyond the pandemic, our 
designs need to evolve and take into consideration other 
measures that enhance and improve upon infection control to 
ensure a healthy environment.

Ventilation, Exhaust, and Pressurization

Increased ventilation and exhaust rates above and beyond 
Code minimums should be considered to help dilute pathogens 
in the airstream and more effectively control or eliminate the 
threat of infectious spread. Additional outdoor air ventilation 
will increase equipment and energy costs, however, given the 
current pandemic, a careful balance needs to be maintained 
and risk assessment evaluation performed to determine the 
optimum balance. While Increasing ventilation rates to all 
resident rooms to the meet the standards of an A.I.I.R. may not 
be cost effective or desirable, increasing ventilation rates from 
the Code minimum of 2 ACH to an ACH of 3-4 per hour may 
be a reasonable compromise with a corresponding increase 
in exhaust plus pressurization. Increased air ventilation to the 
common areas may be considered to provide more fresh air to 
the environment, allowing excess air to positively pressurize 
the common areas and corridors relative to the resident rooms.

Although current Code has no pressurization requirement for 
Skilled Care resident rooms, some localities require a neutral 
pressure, as mandated by local officials. It is recommended 
that all future installations provide for a continuous negative 
pressure of resident rooms relative to the adjacent corridor 
or common spaces. These measures may conflict with 
current Building and Life Safety Codes, which would need 
to be reviewed and approved by the Local Authority Having 
Jurisdiction (AHJ). To achieve this, more air should be 
exhausted from the space than make-up air supplied to the 
space by at least 30%, and system and room design should 
achieve a negative space pressure of minimum 0.01” wg, with 
doors closed. The continuous flow of air from the corridor into 
the room will isolate the resident room air from the common 
areas, helping to minimize the spread of diseases and 
odors. From an operational standpoint, any time a resident 
is suspected of having contracted an infectious disease, the 
door to the room should remain closed at all times to ensure 
that a negative pressure is achieved. Consideration may be 
given to installing pressure monitors at each room to indicate 
the actual room pressurization with alarm conditions, giving 
an added level of safety and condition monitoring of system 
performance. 

Upgrades to the design and placement of air devices and airflow 
patterns will likely evolve as a new set of design parameters 
and good practices are developed. While much research is 
now being done on room airflow and patterns, good practical 
design may now include the addition of a second exhaust 
location within the resident room, in addition to the bathroom. 
This exhaust should be located near the resident bed, low 
within the space, and within the resident breathing zone. 
Ten ACH of exhaust would still be maintained in the resident 
bathroom as required by Code, but an approximately equal 
amount of exhaust may be provided near the resident bed. In 
traditional designs, the return air grille for the room HVAC unit 
has been located near the entry to the room, effectively pulling 
air from the space and back toward the corridor where staff or 
visitors will enter. Consideration should be given to locating 
the return air grille closer to the interior of the room, so that air 
will be returned away from staff entry areas. With increased 
room pressurization, this will allow “clean” air from the corridor 
to pass through the room entry zone, uncontaminated by room 
return air. Even where not required by Code, it is recommended 
that dedicated outdoor air systems are provided for all Skilled 
Care and Assisted Living occupancies, providing a minimum of 
2 ACH of conditioned outdoor ventilation air to resident rooms.

LARGE CENTRAL AIR HANDLING 
SYSTEM BEST PRACTICES

Best Practices:
1. Increase Outdoor Air Ventilation
2. Decrease Energy Recover Cross-Over
3. MERV 13 Filters
4. UVGI
5. Dehumidication (60% RH MAX)
6. Humidification (40% RH MIN)
7. Bi-Polar Ionization
8. High Supply/Low Return
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SECTION THREE: FUTURE DESIGN 
AND TECHNOLOGY FOR 
SENIOR LIVING

Air Filtration

Increased air filtration may be considered for resident room and common area 
AC units, as well as central systems. Avoiding the use of any room AC units 
that only incorporate a cleanable type or low efficiency disposable filter, such 
as PTAC units or ductless split system units, provides a cleaner environment 
and substantially better overall air filtration. The best practice is to provide room 
units with a minimum MERV 11 or higher pleated media filter, however, note 
that filters with higher MERV ratings will typically have higher pressure drop. 
Therefore, filters should be “oversized” to minimize air velocity and air pressure 
drop through the filter, matching the static pressure capability of the room AC 
unit.

The use of HEPA (High Efficiency Particulate Air) filters are typically prohibitive 
in room AC units due to their excessively high pressure drop since they cannot 
overcome this high static pressure. In addition, the extremely high cost of HEPA 
filters for each resident room may make them cost prohibitive from an operational 
perspective. 

However, in the central DOAS systems and large air handling units, the best 
practice is to incorporate as high of an efficiency filter as possible, MERV 13 
or higher, in addition to a pre-filter. In situations where the exhaust air systems 
incorporate energy recovery wheels, a filter should be located upstream of the 
wheel with an efficiency as high as possible, up to MERV 13. Energy recovery 
wheels should be designed to include purging sectors that ensure leakage 
across the wheel occurs from the clean air stream into the exhaust. 

Although not necessarily recommended as a permanent fixture, HEPA filter air 
recirculation units may be employed in rooms where a resident is suspected of 
having contracted an infectious disease. These units are available as portable 
recirculation air units that include a fan and HEPA filter rated to 99.99% efficiency 
at 0.3 microns. Units that also include a germicidal UV lamp are available for 
enhanced protection. These units recirculate air within the space, increasing 
the air changes to recommended isolation room levels while filtering out most 
particles greater than 0.3 microns. These may be kept on hand and only utilized 
when necessary to isolate an infected resident. Again, cost, maintenance, and 
noise should be considered carefully with the portable HEPA filters. 
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SECTION THREE: FUTURE DESIGN 
AND TECHNOLOGY FOR 
SENIOR LIVING

Whole Room Disinfection

Ultraviolet Germicidal Irradiation (UVGI) 
Ultraviolet germicidal irradiation (UVGI) is a disinfection 
method that uses short-wavelength ultraviolet light, C or UVC, 
to kill or inactivate microorganisms by destroying nucleic acids 
and disrupting their DNA and RNA. This prohibits them from 
replicating or performing vital cellular functions. UVGI is a 
tested and proven disinfection method that has been utilized 
since the turn of the century. UVGI must be applied with caution, 
as direct exposure to humans by ultraviolet light is a health 
hazard. Additionally, many common building materials may be 
degraded by exposure to UV light. Similar to fluorescent lamps, 
UVGI utilizes mercury-vapor ultraviolet lamps to generate and 
radiate ultraviolet light onto surfaces and in the atmosphere. 
These lamps can be used in various applications.

Portable UVGI equipment can be used to disinfect a room 
while occupants are absent, such as cleaning a resident 
room or therapy space between uses and during resident 
changeover. Upper Room Disinfection, which utilizes a UVGI 
light fixture located high within an occupied space, directs UVC 
horizontally across the upper, unoccupied level of a room, 
creating a disinfection zone. Natural or forced air movement 
brings contaminated air from within the occupied zone of the 
space into the upper disinfection zone where viruses may be 
“killed”. Care needs to be exercised in applying this method to 
assure that UV light is not directed or reflected into the occupied 
zone. Thus, it is necessary to conduct tests after installation to 
measure UVC within the occupied zone. 

UVGI lamps may be installed within duct systems to deactivate 
airborne viruses that may be circulating within the system. 
Due to the limit of the 
amount of exposure 
time viruses have in 
the moving airflow, the 
effectiveness is not 
100%, but remains 
an effective tool in 
reducing the amount 
and concentrations of 
microorganisms in the 
airstream. In addition 
to duct-mounted UVGI 
lamps, they may also 
be installed within 
HVAC equipment 
and air handling units 
to disinfect surfaces 
within the equipment, 
including components 
such as cooling coils, filters, and condensate drain pans. 
Several manufacturers of UVGI lamps design specifically for 
installation within HVAC equipment and ductwork. Note, these 
manufacturers should be consulted for the sizing of lamps to 
allow for a proper fit within the equipment, ensuring optimal 
effectiveness. 

Communities should be aware that UVC light can degrade 
organic materials, including furnishings and finishes. UV-
resistant materials should be used whenever possible, or non-
resistant materials should be shielded to limit exposure to UVC. 
If not possible, be aware that more frequent replacement of 
certain fabrics and materials may be necessary. UVGI lamps 
must be replaced periodically, typically after 6,000 to 10,000 
hours of operation. Lamp disposal is considered hazardous 
due to mercury content and must be disposed and/or recycled 
properly. The operation of lamps should be periodically visually 
inspected. Due to the health hazard, protective viewing 
clothing and equipment or UV-absorbing viewing ports must 
be utilized along with appropriate warning labels, switches, 
and disconnects.
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SECTION THREE: FUTURE DESIGN 
AND TECHNOLOGY FOR 
SENIOR LIVING

Whole Room Disinfection (continued)

Bi-Polar Ionization or Needle-Point Bi-Polar Ionization

Ions are positively or negatively charged oxygen atoms that 
are present naturally in the air. They can be found in high 
concentrations at high elevations. Bi-Polar Ionization technology 
artificially generates positive and negative ions that are 

released into 
the airstream 
or space. As 
the particles 
agglomerate, or 
stick together, 
they create a 
larger surface 
and mass that 
can either fall 
to the floor or 
travel within 
the airstream 
back to the 
system’s filter. 

By capturing these particles in the airstream and delivering 
them to the filters, they are more effectively removed from the 
environment.

The ions produced are attracted to pathogens, such as viruses 
and bacteria. These ions steal away hydrogen atoms from 
these pathogens, leaving them to “die”. In viruses, such as 
SARS-CoV-2, the bond between the ions and the pathogen 
renders the airborne virus, bacteria, or mold spore inactive, 
effectively “killing” it. 

We have learned that several manufacturers have completed 
initial testing on the COVID-19 virus (SARS-CoV-2) in an 
aircraft setting, which has shown a 99.4% deactivation rate of 
the virus within a 30 minute period. While the aircraft setting 
occurs at a level with higher ion concentration than typically 
seen in a commercial building, this technology reduces the 
concentration of active infective particles in the air over time. 
A direct correlation between laboratory testing and real-world 
application is challenging due to the many factors, including 
the ion concentration and quantity of infected individuals in a 
space. Infected occupants will contribute to the pathogen load 
over time as they breath and cough. In a room vacated for an 
hour, this technology may achieve deactivation rates near the 
test results. In occupied areas, however, the performance of 
this technology will always be at a point between laboratory 
test results and well above the same HVAC system without the 
technology.

Odors and Volatile Organic Compounds (VOC) are broken 
down by the bipolar ions, resulting in the elimination or 
reduction of odors. Ions react with VOCs to break them down 
into their constituent components that are naturally occurring 
within the atmosphere. 

The following are design considerations for Bi-Polar 
Ionization:

• Applications of Bi-Polar Ionization utilizes ion-generating 
lamps, tubes, or strips that are typically mounted in the 
supply air duct of an HVAC unit or system to release 
the positive or negatively generated ions into the supply 
airstream and then into the space. 

• There are several manufacturers that make Bi-
Polar Ionization products for HVAC systems. These 
manufacturers should be consulted for the sizing of the 
systems to fit the equipment or ductwork and to provide the 
desired effectiveness.

• Maintenance considerations include the replacement of 
lamps every few of years, periodic cleaning for those that 
are not self-cleaning, and inspection of ion generating 
devices. 

• These systems significantly reduce particulates in the air, 
including mold, bacteria, and viruses. This alone, in our 
view, makes a strong case for Bi-Polar Ionization. Several 
studies have shown statistically significant health benefits 
to occupants in ionized spaces, such as a 70% reduction 
in headaches, 66% reduction in flu-like symptoms, and a 
general sense of well-being.  

Global Plasma Solutions self-cleaning 
needle point bi-polar ionization unit.

AtmosAir Ion formation Diagram
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SECTION THREE: FUTURE DESIGN 
AND TECHNOLOGY FOR 
SENIOR LIVING

Whole Room Disinfection (continued)

UVGI vs. Bi-Polar Ionization 

UVGI and Bi-Polar Ionization appear to have benefits; 
however, the testing of their effectiveness against the SARS-
CoV-2 virus, the cause of the COVID-19 disease, has just 

begun. Both technologies have 
shown promising results, having 
high deactivation rates against 
similar types of pathogens 
when properly installed. UVGI is 
typically effective at short-term 
contact deactivation via direct 
exposure; however, it  is not 
capable of being actively applied 
to an occupied space, as it is 
hazardous to residents and staff 
and degrades plastics, rubbers, 
and other non-UV stabilized 
materials. Bi-Polar Ionization 
carries the beneficial particles 
into the space where they can 
improve conditions in occupied 
areas, however, the effective 
life of the ion, before they bond 

with other particles, requires they be installed in a system that 
quickly supplies air to the occupied space for best results.   

Based on the information from the American Society of 
Heating, Refrigerating and Air-Conditioning Engineers 
(ASHARE) and the World Health Organization (WHO), it is 
believed the COVID-19 virus spreads primarily through two 
exposure mechanisms:

1) Close contact transmission via large droplets of saliva or 
discharge from the nose when an infected person coughs, 
sneezes, or exhales. Most of these large droplets fall on 
nearby surfaces and objects within three to six feet. If 
people are within the three to six-foot radius of an infected 
person, they can contract it directly by breathing in droplets 
dispersed by sneezing, coughing, or exhaling.

2) Talking and breathing also releases small droplets, from 
which the water evaporates to form small, <5 microns, 
particles called droplet nuclei. These droplet nuclei behave 
more like a gas and can travel through the air for longer 
distances. This permits them to be transmitted through 
HVAC ducts, where they can transmit to people and settle 
on surfaces. 

For this reason, the inclusion of UVGI and Bi-Polar Ionization 
in HVAC systems greatly impacts the aerosol-like transition 
of fine particles in the air. Unfortunately, it has a lower effect 
in directly disinfecting the surfaces in occupied spaces where 
larger droplet deposits occur due to gravity and human 
contact. It should be noted, however, that transmission risk 
can be reduced, but not eliminated. Increases in ventilation 
rates and application HVAC system technologies are one 
aspect to help combat the spread of this disease.

Emerging Technology: FAR UV 

An emerging technology, known as FAR UV, is a disinfection 
method that uses shorter wavelength ultraviolet light than 
that of UV-C. The advantage of FAR UV is that it does not 
penetrate human or animal skin and eyes, unlike UV-C. As a 
result, it can be applied in occupied spaces. Products using 
this technology are still in development and are not widely 
or readily available. However, this may hold more hope for 
the future in applying UV disinfection in a safe and effective 
manner.

I O N I Z AT I O N
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SECTION THREE: FUTURE DESIGN 
AND TECHNOLOGY FOR 
SENIOR LIVING

Reimagining the Skilled Care Resident 
Room for the Future

Below is an example of how the design of a typical Skilled Care 
Resident Room might be modified to adapt some of the features 
described above. The actual design may vary based on room design, 
layout, and configuration. Not all modifications may necessarily be 
incorporated, but that would depend on the project budget and the 
owner’s risk assessment. The design is not intended to provide the 
same level of protection as an Airborne Infection Isolation Room, 
but incorporates some of the same concepts to achieve a safer 
environment than that of current room designs by helping to prevent 
the spread of infectious diseases and providing a healthier and safer 
environment for residents and staff.

Disclaimer: This document is based upon available evidence and 
research of known pathogens. However, the Corona Virus, SARS-
CoV-2, is so recent that additional research will undoubtedly lead 
toward additional and/or different recommendations for best practices 
in Senior Living Communities. Before implementing any of the 
recommendations and practices noted in this paper, it is suggested 
that a professional engineer be engaged to review the entire systems 
for implementing in new or existing buildings. Also, consult and 
adhere to local codes, guidelines, and recommended practices.  
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