
MAINTAIN HEALTHY
BUILDING
ENVIRONMENTS

2022

LEVERAGING SUSTAINABLE
TECHNOLOGIES TO



LEVERAGING SUSTAINABLE TECHNOLOGIES TO MAINTAIN HEALTHY BUILDING
ENVIRONMENTS
Copyright © 2022

All rights reserved. except as permitted under U.s. copyright act of 1976, no part of
this publication may be  reproduced, distributed, or transmitted in any form or by
any means, or stored in a database or retrieval system, without the prior written
permission of the publisher.

Design by Fitzemeyer & Tocci Associates, Inc. 
Visit our website at www.f-t.com



Table of Contents

Introduction 01

The Challenge 04

Technical Opportunities and Solutions 06

Building Electrification 16

Summary 18

References 19



PAGE 1

Over the last decade, major advances in sustainable building design and technologies have
been developed. Building electrification, for example, and net-zero energy and carbon-neutral
building performance goals are quickly becoming a near standard for high performance
buildings and their owner’s strategic building goals. More recently, however, the COVID
pandemic has disrupted these efforts, causing many building owners to make abrupt changes
—particularly to ventilation systems—that may not align with long term energy efficiency and
sustainability goals. 

Energy efficiency has been a goal of building owners, designers, and municipalities for years,
driven by a goal to reduce energy costs, consumption, and greenhouse gas emissions.  The
building sector has been identified as one of the primary contributors to greenhouse gas
emissions in the United States[i].  Energy codes and high-performance building standards such
as Passive House and LEED have advanced green building practices, and many owners have
incorporated green building and energy efficiency goals into their design and construction
standards.

Simultaneously, awareness has been growing around how buildings affect human health. 
 Americans, on average, spend 90% of their time indoors, where concentrations of pollutants
are often two to five times higher than typical outdoor concentrations[ii]. 
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This guide will discuss: 

Outcome 1

Identify building systems and control
strategies for maintaining healthy and
sustainable environments under various
conditions.

Outcome 2

Quantify the energy impact associated
with various air filtration methods to
reduce airborne contaminant
transmission.

Outcome 3

Identify building system retrofits that
reduce building energy costs.

Outcome 4

Identify and address current challenges
with building electrification.

Learning Outcomes 

 Indoor air pollutants such as radon, carbon monoxide and legionella are known to have severe
health consequences. Other pollutants such as mold, pet dander, smoke and small particles can
trigger illness such as asthma or sick building syndrome[iii]. The COVID pandemic has brought
increased public awareness to indoor air quality and the effects buildings have on health. People who
have spent little time thinking about HVAC and building mechanical systems are now being exposed
to these topics. 

Recent events now call for more creative solutions to achieve long term sustainability. Designers are
challenged to reduce building energy use and associated carbon emissions while maintaining
healthy indoor environments under most any conditions. This guide focuses on the technologies,
building control strategies, and systems that provide both sustainable and healthy building
environments under any operating conditions.

[i] https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
[ii] https://www.epa.gov/report-environment/indoor-air-quality
[iii] https://www.epa.gov/sites/default/files/2014-08/documents/sick_building_factsheet.pdf
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The COVID pandemic has brought increased public awareness to indoor air quality and the
effects buildings have on personal health.  People who have spent little time thinking about
HVAC and building mechanical systems for example are now being exposed to these topics.  

The current understanding is COVID (and other infectious illnesses) are spread through the air,
especially in indoor spaces.  An immediate response has been to increase ventilation rates
using various mechanisms (mechanical and natural) and over longer hours to reduce the risk of
infectious transmission, as well as improving air filtration where possible.  An increase in energy
use associated with these measures was an accepted consequence due to the primary goal of
reducing the spread of infection. With buildings being steadily reoccupied, a renewed focus on
maintaining healthy building conditions in an efficient manner is required. 

HVAC upgrades are the most common way to address indoor air quality and garner the most
attention. However, other building system components are conjoined: the electrical services
needed to power such systems, potable water for use in maintaining acceptable humidity
levels, and so on. All trades need to work in concert to provide a functional solution.

Go Unnoticed
“It’s important that this [improving indoor air quality] becomes a passive control measure—
passive in the sense that it doesn’t require people to do anything,” said Joseph Allen, director of
the Healthy Buildings program at Harvard University’s T.H. Chan School of Public Health.  “It’s
not requiring you to wear a mask or wear a good mask or wear it right.  It’s operating in the
background all the time.”[i] This is the mindset that engineers need as they focus on
engineering healthy buildings.And part of that mindset needs to be identifying building
improvements or changes that also minimize and control energy use.
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THE CHALLENGE



 

DID YOU KNOW?
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Government
Accountability Office

estimated in 2020 that
41% of K-12 schools

nationwide are in urgent
need of upgrades or

replacement of aging
HVAC systems. This

provides a great
opportunity to design
and implement highly
effective and energy-
efficient ventilation

systems.
 
 

Opportunities Abound
Opportunities to improve building conditions for
maintaining a healthy occupant environment stretches
across many building sectors. For example, the ASHRAE
Epidemic Task Force stated many schools lack ventilation
or are significantly under-ventilated[i], while the
Government Accountability Office estimated that 41% of
K-12 schools nationwide need upgrades or replacement
of aging HVAC systems[ii].  Providing for safe indoor air
quality in schools can be addressed when these HVAC
systems are improved or replaced. Other market sectors,
such as healthcare and commercial properties, also offer
opportunities for improvement as buildings serving these
sectors are continuously undergoing changes in many
cases.

Going Forward
It took a pandemic to finally bring attention to building
environmental systems that occupants, and albeit, many
building managers, took for granted.   The engineer’s role
is to specify and design equipment and systems to
minimize the impact of airborne illnesses in all building
settings. These systems should be easy to operate and
maintain, while not requiring occupants to change their
behavior. While no building systems can entirely reduce
the risk of acquiring airborne-sourced illnesses, well-
designed improvements to HVAC and other building
systems can greatly improve the conditions that
occupants should come to expect.
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TECHNICAL
OPPORTUNITIES AND

SOLUTIONS

Controlling the Indoor Environment
Much of what has been learned about making indoor environments healthier comes down to maintaining
control over the indoor environment, in terms of airflow, air quality, temperature and humidity.

Ventilation and filtration are the mechanisms used to control airflow and air quality. It is now well
understood that all buildings, especially commercial buildings, require controlled mechanical ventilation    .  
Relying on leaky building envelopes and operable windows is not a sound strategy for ventilating spaces. 
 Controlled ventilation means the purposeful introduction of fresh air and exhaust of stale or contaminated
air. 

A well-controlled indoor environment starts with the building enclosure.  The building enclosure is the
separation between the interior environment and the outdoors; it is the first line of defense against air
leakage and heat loss or gain that are detrimental to occupant comfort.  A well-sealed building enclosure
also prevents outside contaminants from getting inside.

vii

Concord Museum, Massachusetts 
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Minimizing Duct Leaks
Air is invisible to humans which may be why we tolerate leaks in our building air distribution systems.
Imagine a hydronic heating system losing 20% of its contents before reaching the terminal units. Many
forced air systems experience leakages on that magnitude ix. Because we don’t see air leakage, it’s not a
major concern to most people. However, the effects of duct leakage do show up in our energy bills and can
impact indoor air quality. 

A well-sealed duct system is critical for the energy efficiency of any air-based HVAC system. The U.S.
Department of Energy identifies leaky ductwork as one of the biggest contributors to energy waste in
buildings    . When a duct system is not well-sealed, the fan must work harder to push more air through the
system to achieve adequate airflows in the spaces. Fan affinity laws tell us that power and energy use
increase to the cube of an increase in the volumetric flow rate. 

Leaks in ducts not only reduce the efficiency of the system but can lead to indoor air quality (IAQ) issues.
Leaks can allow contaminants to be drawn into the duct system and then distributed to occupied spaces.
Duct sealing is important not just to reduce energy loss but to help better control building air quality.

viii

High Efficiency Air Movement and Energy Recovery
Maintaining proper IAQ and reducing carbon emissions are two trends accelerating in the building
industry. These trends are sometimes regarded at odds with each other because a common approach to
improving indoor air quality is increasing the quantity of outdoor air ventilation.  All else equal, increasing
the quantity of outdoor air ventilation will increase energy use. However, various mechanical solutions exist
to address IAQ while minimizing energy use and carbon emissions, such as energy recovery systems,
efficient filtration, and optimized ventilation controls. In some cases, these solutions can be incorporated as
part of electrification initiatives currently being promoted by various state and municipal agencies. High
efficiency air movement may seem like old news to those familiar with HVAC systems, but it can have a
huge impact on energy use and the comfort of the building. 

Dedicated outdoor air systems (DOAS) with energy recovery ventilation eliminate recirculated air for
ventilation with significant energy savings over traditional air handling units. Essentially, DOAS with energy
recovery can deliver the IAQ benefits of a traditional AHU adjusted to provide 100% outside air, while using
far less energy and should always be specified where possible.
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“Dual core,” which can deliver 90% recovery effectiveness
Enthalpy wheels, which can range from 60% to 85% in recovery effectiveness
Fixed plates and heat pipes, which operate at 50% to 60% recovery effectiveness, and usually result in
no transfer (leakage) of air from exhaust to supply
Glycol run-around systems, which can operate in the 50-55% effectiveness range

Air-side Energy Recovery Systems
Air-side energy recovery, or air-to-air energy recovery, is a proven technology that works well in
combination with 100% outside air systems or DOAS, or systems with otherwise large ventilation loads. In
the winter, air-to-air energy recovery systems recover much of the heat from the exhaust stream and
transfers it the incoming fresh air stream.  In the summer, the reverse happens, and the hot, humid
incoming air is partially cooled and dehumidified by the exhaust air.

A variety of technologies are used in air-to-air energy recovery devices, the technology that applies best
will depend on the application and the project. Commonly used systems include:

1

[1] A dual core heat recovery system utilizes two fixed plate cores that work in tandem to minimize frost build up associated with continuously
operating, single fixed plate cores.

Example of an air-to-air heat recovery system.  Image courtesy of Swegon North America.

One might choose one of these technologies over another for a variety of reasons: cost, packaging, energy
recovery efficiency, or protection from air-side cross contamination. Most energy recovery devices allow
small amounts of air leakage between the supply and exhaust streams. Plates and heat pipes are superior
to enthalpy wheels in terms of air leakage; however, enthalpy wheels are much better at latent heat
recovery.  While there can be a small amount of cross-contamination with ERVs between air streams, the
leakage is usually inconsequential.
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Electrification of DOAS with Heat Pump Technology
DOAS with energy recovery also provides an opportunity to integrate the system’s air tempering section
with a heat pump as an alternative to gas-fired heating in certain instances. Since the ERV requires cooling
during the summer to condition the makeup air, ERVs with direct expansion cooling can be specified with a
heat pump to provide air tempering during the winter months as well. This is even true for cold climates
with heat pump units available that operate at ambient temperatures below 0oF, which can meet the
system’s supplemental heating requirements under almost any conditions.This also provides another
opportunity to further electrify a building, and in this case provide a solution at a lower net cost compared
to a gas-fired supplemental heater.

Pandemic Mode” – Design for flexibility
In response to the COVID-19 pandemic, many facilities and building operators have insisted on HVAC
systems designed with the capability to quickly change from normal operation to “pandemic mode,”
providing air handling systems with the flexibility to increase ventilation rates for improved IAQ during an
emergency event. Owners understand that there will be an energy penalty associated with running air
handling units (AHUs) at 100% outside air, but the expectation is that this will be a rare or occasional
occurrence, and during “pandemic mode” energy use will not be a priority. 

ASHRAE outlines measures for emergency response plans in a published positions document on infectious
aerosols   .  ASHRAE’s recommendations include increasing outdoor air ventilation by disabling demand-
controlled ventilation controls and opening outdoor air dampers to 100% as outdoor conditions permit.
The reason for these recommendations is that the use of recirculating air systems is a leading cause of
COVID transmission (and other pathogens). Most commercial buildings and hospitals have systems that
recirculate some amount of air under normal circumstances. 

xi

Designing for Air-Side Flexibility – a Healthcare Setting Example
Presented here is an example of a design solution to provide flexibility in space pressurization for a hospital
emergency department. The design intent was to have the ability to switch a series of exam rooms from
balanced to negative pressurization when there is an elevated risk associated with specific patients. 

During standard operation, each exam room is operated at a ventilation rate of six air changes per hour
(ACH) of supply air, and a minimum of two ACH of outside air. Ducted supply air is provided to the space
and return air is ducted back to the AHU.  Under standard operating conditions, each exam room is under
neutral pressure (balanced supply and exhaust airflow).

A dedicated exhaust system was provided for the purpose of exam room dual mode operation. When
negative pressure is required for a particular zone of exam rooms, an exhaust fan is energized and dampers
located within the exhaust ducting modulate open, while dampers in the return ducts modulate closed. 
 Supply air continues to flow at the same rate, while the dedicated exhaust system provides 12 ACH of
exhaust air, thereby maintaining the desired negative air pressurization in the affected spaces.
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Standard Operation Mode.

Exhaust Operation Mode.

The exam rooms were divided into predesignated zones for the purpose of operating
spaces in dual mode.  Each zone received a dedicated variable air volume exhaust air
venturi valve to modulate the flow of exhaust air for a particular zone.  The exam room
zones can be seen in the following figure (red zones are exam rooms that required dual
mode operation).
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Exam room exhaust zoning to create negative pressurized spaces.

Air Filtration
Over the past few years, the consensus is that buildings should incorporate a minimum of MERV 13
filtration in AHUs. HEPA filtration is also utilized, often in space-based air filtration systems but also in
central AHUs, especially in hospitals. Selecting the right filtration method will depend on the project and
the application.  

Let’s look at how the energy use for these strategies measure up by the following example. The increase in
static pressure resulting from upgrading the air filtration in a central AHU from MERV 8 to MERV 13 results
in an additional energy use of 24 Watts per 100 CFM of supply air or 13% more supply fan energy.Now
assume we are converting from MERV 8 filtration to HEPA filtration at the AHU, the energy use increases by
34 Watts per 100 CFM compared to MERV 8, resulting in over an 18% increase in supply fan energy use.
Finally, if we consider HEPA filtration at the space (occupant) level, while maintaining MERV 8 filtration at
the AHU, this results in an increase of 23 Watts per 100 CFM in additional energy use (by the HEPA filtration
units) or 12.4% compared to just MERV 8 AHU filtration.
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The above results clearly demonstrate an impact on energy consumption with additional air filtration
measures—as expected. The decision on what type of filtration to apply depends on many factors, such as
the owner’s goal of what is an acceptable level of air filtration, ability to modify existing AHUs to accept
larger filters, the ability or desire to deploy in-space HEPA filtration, and so forth.

Water-side Heat Recovery – Chiller Desuperheaters
It’s one thing to electrify a home (PV, heat pumps, battery storage), but another to electrify energy-
intensive facilities such as hospitals and labs.  So how does one cost-effectively electrify thermal loads? 
 These types of facilities require both simultaneous chilled water and heating, which provides opportunities
for creative solutions. 

Chiller desuperheaters offer a synergistic approach to providing simultaneous cooling and heating.  Many
years ago, they were a more common sight in chiller plants. Though, unfortunately, sometimes these were
bypassed due to service issues or concern of energy impacts on the chiller plant. But in the right
applications, such as hospitals, this classic energy conservation technique offers a practical means to
electrify a portion of a facility’s year-round thermal energy load, which is especially important for
maintaining healthy building environments through simultaneous cooling and reheat. 
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Desuperheaters are available for both water and air-cooled chiller applications.  Year-round thermal loads
present in hospitals, such as low temperature reheat or domestic water heating where a 140oF supply
temperature is not uncommon, present ideal heat sink applications for desuperheaters.   Let’s take for
example, a 150-ton air cooled chiller application.  A desuperheater will recover around 30% of the
condenser waste heat available.  That translates to about 650 MBH of heating capacity at full load—not a
trivial amount of heat. Assuming a building base reheat load of around 4 Btuh/SF—not uncommon in
hospital settings—two, 150-ton air cooled chillers could meet the base reheat load for a hospital of about
325,000 SF or about the average size community hospital in the U.S. 

Chiller desuperheater system diagram.

How might this translate in enhancing a chiller’s coefficient of performance (COP)?  Coefficient of
performance is defined in this case as the ratio of useful cooling energy produced to compressor energy
input. Assuming the subject chiller above has a COP of 3.9, which corresponds to rating of 0.9 kW per ton,
adding the heat recovery output to the cooling energy produced—both forms of useful energy—increases
the chiller COP from 3.9 to 5.37 or a 38% increase above the cooling-only COP. Compared to a straight
electric resistance water heater with a COP that can only approach unity or the best gas-fired water heater
with a COP approaching 0.96, a chiller with a desuperheater makes far more sense. 

For low hot water temperature applications, such as pool water tempering or domestic hot water
preheating, chiller heat recovery systems can also be configured to recover condensing (latent) heat as
well, further increasing the efficiency of the chilled water system. Below is a flow schematic of an actual
chiller heat recovery application for a college athletic center pool facility.
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Example of actual pool water heat recovery system utilizing condenser water heat recovery.

High-Efficiency Electric Humidification
Humidification has traditionally been done with either dedicated clean steam boilers or steam generated at
a central steam boiler plant. Most commonly, fossil fuels are used as a fuel source. As the demand for fully
electric buildings increases, humidification generation becomes a challenging end-use to decouple from
fossil fuels.  Electric steam boilers of the scale required to humidify a hospital, for example, are often ruled
out due to the large electricity demand and associated electrical infrastructure required to support it. 
One solution to providing electric humidification is a technology known as evaporative or adiabatic
humidification.  A pump is used to send high pressure water via tubes directed to fogging nozzles
throughout the building.  The nozzles produce tiny droplets of water that are absorbed into the air and the
heat from the surrounding air causes the water to evaporate. 

Most of the energy of the humidification process is consumed because of the phase change from liquid
water to water vapor.  With adiabatic humidification, this energy is generated by the space heating
equipment, rather than a steam boiler.  By shifting the humidification energy source from a remote steam
boiler to the space heating equipment, it allows the designer to use high efficiency electric space heating
equipment that is already prevalent, such as air or water source heat pumps, as the heating source to
complete the humidification process more efficiently.
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Image courtesy of HTS New England.

Adiabatic humidification is also particularly attractive for spaces that require humidification and have a
year-round cooling demand, such as hospitals.  As the water vapor is introduced into the space, it absorbs
heat from the air and produces a desirable evaporative cooling effect, reducing the building air
conditioning load.  

It should be noted that adiabatic humidification requires reverse osmosis (RO) water treatment, which will
be an important consideration for facilities without an RO system currently in place.
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BUILDING
ELECTRIFICATION

As building energy use represents roughly one-third of the US greenhouse gas emissions, 
 electrification of buildings has taken center stage in the long-range plan for decarbonization. It is
expected that most new buildings and renovation of the existing building stock will operate on
electricity fully with some exceptions that will require natural gas due to necessity, such as hospitals
and laboratories with high outside air ventilation rates and other significant heating requirements.  

The approach to decarbonization needs to include designing buildings by addressing thermal comfort
and system operational flexibility that will enhance the health and well-being of the occupants. We also
need to be mindful of the potential burden imposed on the grid (especially local distribution systems)
from electrification to avoid straining the grid—a challenge for utilities. Designs should always focus on
highly efficient systems (both cooling and heating) to minimize the impact on a building’s electrical
load, while integrating renewable technologies where practical.

Building Infrastructure and Load Considerations
In heating climates like the Northeast and in other cold weather states, the general idea of
electrification is to replace fossil fuel-based heating and domestic hot water systems with efficient
electric-based systems. Sizing of electrical infrastructure to support an all-electric mechanical and
plumbing system needs to be studied carefully, since it is equipment peak demand that drives system
sizing. 
Under an all-electric building scenario, electrical infrastructure may need to get larger, which will
increase construction costs and can take up valuable program space. Even when the electrification of
space heating and domestic hot water systems has no direct electrical upsizing impact from electrical
infrastructure, we need to think about reliability and resiliency. Losing power during the cooling season
leads to an uncomfortable but bearable situation for occupants, while losing power during the heating
season can render a building uninhabitable and puts the building at risk from freezing and damage.

Providing generator backup to maintain heating and domestic hot water systems in an electrified
building will also increase emergency power stand-by capital and operating costs and must be
evaluated as part of the migration to an all-electric building. The design of the generator needs to
consider fuel source and equipment space needs. Such backup systems can cost ranging from $600 to
$2,000 per kW depending on the size of the generator and additional infrastructure needed. Space
limitations may also impact the greater fuel storage capacity required.

x



Renewable Energy Resources

The additional electrical loads imposed on a facility from electrification initiatives will often need to be
weighed against the limitations of an existing facility’s electrical service capacity.  Implementation of
energy efficiency initiatives and the addition of renewable energy resources can help reduce the
burden of new loads on a facility’s electrical service.  Primarily for cost reduction purposes, many
institutions have been actively implementing a myriad of energy efficiency measures, such as LED
lighting, variable frequency drives (fan and pump motors, chillers), and updated building automation
controls. Incremental efficiency improvements may still exist, especially in older facilities, but the more
likely opportunity to reduce the impact on building electric services is through the implementation of
renewable energy systems, particularly solar photovoltaics. 

The use of solar photovoltaics or “PV” has become more commonplace in areas with high energy costs
and incentive programs, most notably in the Northeast.   Rooftop and ground mounted systems tend
to be the least expensive, with ground mount systems more commonplace atop old municipal landfills,
brown space, and large swaths of green space—very specialized applications.  Healthcare and lab
facilities especially may find it difficult to implement rooftop systems due to the presence of roof-
mounted HVAC equipment. These facilities are better suited to solar carport or canopy systems on top
of garages or across parking lots, though these systems tend to be more costly than rooftop systems. 

As a result, an institution can expect to pay more for a unit of electricity generated with a carport or
canopy system compared to a rooftop system to a third-party owner (typical arrangement for nonprofit
entities). Weighed against needing to expand a facility’s electrical service to support more electrical
equipment, adding carports or garage canopies to reduce electrical demand may make for a sound
financial decision.
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SUMMARY

This guide shows that while challenges to maintaining healthy building environments abound,
numerous technologies, systems, and operating procedures can be put in place—either through a
comprehensive plan or incrementally over time—to better control energy consumption and maintain
sustainable building environments under most any operating conditions.  These improvements should
go unnoticed by building occupants while greatly benefiting their health and welfare, which should be
the overarching goal of any building designer.
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