Energy Savings Plus Health:

Indoor Air Quality Guidelines for School
Building Upgrades

Indoor Air Quality (1AQ)



Intended Audience

This Guide is written primarily for school facility managers, energy managers, risk managers, building operators
and school administrators to help them collaboratively manage the relationships between energy efficiency upgrade
activities and indoor air quality (IAQ) in schools.

Other audiences that may find this Guide applicable to their work include architects, design engineers, and con-
struction contractors who can apply the principles of this Guide during design and construction; commissioning
authorities who can ensure that the design, construction, and testing are appropriate to meet energy efficiency
and IAQ-related goals and requirements; sustainability coordinators; other decision makers who help to oversee
and direct the work of building managers and other practitioners in schools; and parents and others in the school
community.
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Section 1

Introduction and How To Use the
Energy Savings Plus Health Guide

Indoor Air Quality (1AQ)
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Section 1: Introduction and How To
Use the Energy Savings Plus Health Guide

Purpose

The U.S. Environmental Protection Agency (EPA)
developed the Energy Savings Plus Health Guide

to protect and improve indoor air quality (IAQ) in
schools during building upgrades, particularly ener-
gy efficiency upgrades and building renovation ac-
tivities. Energy management and protection of 1AQ
both should be critical priorities for school facility
management. As school districts pursue energy cost
savings and occupant health-protection goals, there
can be a mistaken impression that the two goals are
at odds with each other. In fact, when energy effi-
ciency and IAQ protection goals are integrated and
addressed holistically, schools can achieve strong
results in both areas. Alternatively, if careful atten-
tion is not paid to the interaction between energy
management and |AQ, occupant health can suffer.

Background

A school’s indoor environment can have a significant
impact on health and learning. Children, in partic-
ular, are more vulnerable to the negative health and
performance effects of poor environmental condi-
tions, including IAQ. Children often are more heavily
exposed to toxic substances in the environment than
adults because they spend more time on the ground
and engage in more hand-to-mouth behavior. Chil-
dren also breathe more air, drink more water, and
eat more food per pound of body weight than adults
(American Academy of Pediatrics Council on Environ-
mental Health, 2003). A child’s respiratory, immune,
nervous, reproductive, and skeletal systems continue
to develop throughout childhood. Exposures to envi-
ronmental contaminants that occur early in life can
cause adverse health impacts in children that can
have implications well into adulthood (EPA Office

of Research and Development, 2007). Furthermore,
some children with disabilities face unique challeng-
es that might make them particularly vulnerable to
the effects of an unhealthy school environment (EPA
State School Environmental Health Guidelines, 2012).
Examples of symptoms caused by poor IAQ include
respiratory irritation, sore throat, asthma attacks,
drowsiness, headaches and inability to concentrate.

Studies demonstrate associations between 1AQ and
the health and performance of students and staff
members in U.S. schools. The research linking poor
IAQ to children’s health problems and reduced ac-
ademic performance shows the critical role that a
school’s indoor environment plays in student achieve-
ment. For example, good physical conditions in the
school and adequate outdoor air ventilation can
reduce absenteeism and improve test scores. For more
information, examples and supporting references,

see the section of this Guide entitled The Business
Case for Integrating Energy Efficiency and I1AQ.

It is important to incorporate best practices for healthy
and sustainable schools into energy efficiency up-
grades and building renovation activities at schools.
Schools can benefit, from both fiscal and facility
management standpoints, by taking advantage of the
complementary nature of many IAQ and energy-
efficient building practices. Integrating energy efficien-
cy and IAQ improvements—whether they involve the
building structure, equipment or ongoing maintenance
and operations—helps to streamline facility manage-
ment and saves staff members’ time. Typically, many
of the same personnel are involved in planning and
implementing energy efficiency and IAQ programs at
schools. School energy managers, facility managers
and |AQ coordinators should work together through-
out the entire building upgrade process, from the
design phases through construction and occupancy.

Energy management and protection of IAQ both should
be critical priorities for school facility management.

As school districts pursue energy cost savings and
occupant health-protection goals, there can be a
mistaken impression that the two goals are at odds
with one another. In fact, when energy efficiency and
IAQ protection goals are integrated and addressed
holistically, schools can achieve strong results in both
areas. Alternatively, if careful attention is not paid to
the interaction between energy management and IAQ,
occupant health can suffer. Energy management activi-
ties can disturb hazardous materials, such as asbestos,
lead and polychlorinated biphenyls (PCBs); create
dust; introduce new contaminants and contaminant
pathways; create or aggravate moisture problems; and
result in inadequate ventilation in occupied spaces.

This Guide focuses primarily on opportunities to protect
and improve 1AQ during building upgrades by prevent-
ing and controlling exposure of occupants to contam-
inants that may be disturbed or introduced during
upgrade projects, controlling moisture, and ensuring
that occupants are provided with adequate ventilation
to promote health and comfort. This Guide does not

(1) set new EPA regulatory requirements or in any way
modify or supersede existing EPA regulatory require-
ments, (2) provide guidance on diagnosing occupant
health problems or building-related illness, (3) address
emerging issues that have not been linked to adverse
health effects, (4) make training or training documents
unnecessary, (5) provide detailed implementation guid-
ance on how to achieve the intent of each recommen-
dation in all situations, (6) identify funding availability
or which programmatic funding sources should be used,
or (7) provide guidance for prioritizing building-specific
projects during the upgrade process. Portions of this
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Important Basic Considerations for
Protecting IAQ During Building Upgrades

Several energy retrofit and building upgrade ac-
tivities can cause or aggravate |IAQ problems as
described in detail throughout this publication;
however, these important basic considerations must
always be kept in mind:

e Occupants’ and workers’ exposure to airborne
contaminants generated during and after energy
retrofits and building upgrades activities should be
minimized.

Energy retrofits and other building upgrades can

disturb existing contaminants known to cause

health problems. Some of these contaminants
have specific regulatory requirements (e.g., asbes-
tos, lead) that must be followed.

¢ Reducing air leakage across the building envelope
should not be performed without ensuring that there
will be adequate venting of combustion appliances
and outdoor air ventilation to dilute and remove
pollutants from within the building after the project
is completed.

Modifications that increase the airtightness of a
building’s envelope increase the potential for ele-
vated levels of contaminants indoors. Care must al-
ways be taken to ensure that these activities do not
cause improper venting of combustion appliances
and increase occupant exposure to combustion
by-products, including carbon monoxide; introduce
increased indoor exposures to other pollutants, in-
cluding radon; or introduce or exacerbate moisture
and mold problems within the school.

Guide summarize certain regulatory requirements, but
the requirements themselves, not the summaries in this
Guide, govern.

Fundamental Principles of IAQ

The guidelines in this document are intended to en-
courage IAQ professionals to integrate health protec-
tions into energy efficiency and building renovation
projects by undertaking the following activities:

¢ Integrating strong IAQ protections into the design,
renovation and construction processes.

e Commissioning key energy and IAQ systems to
ensure that they operate as designed.

e Controlling moisture in building assemblies,
mechanical systems and occupied spaces.

e Limiting entry of contaminants from outdoors.
¢ Limiting contaminants from indoor sources.

e Capturing and exhausting contaminants from
building equipment and activities.

¢ Providing adequate outdoor air ventilation.

¢ Providing filtration and air cleaning to supplement
pollutant source control and ventilation.

e Protecting building elements, occupants and work-
ers during construction projects.

e Ensuring that there is a strong communications
plan in place to share the project’s IAQ goals with
occupants and other stakeholders, with a clear
process for addressing feedback and concerns.
This includes, for example, ensuring that building
occupants are aware of the availability of the As-
bestos Hazard Emergency Response Act (AHERA)
Management Plan, Lead Safety Plan and Material
Safety Data Sheets.

¢ Educating building occupants about the actions
they can take to protect 1AQ in their school.

The following references provide expanded information
on these principles and may be valuable resources for
users of this Guide:

e EPA: /AQ Tools for Schools Action Kit,
http://www.epa.gov/iag/schools/actionkit.html.

e EPA: /AQ Design Tools for Schools,
http://www.epa.gov/iag/schooldesign/index.html.

o EPA: Eneray S7aR® Building Upgrade Manual
(2008), http://www.energystar.gov/ia/business/
EPA_BUM_Full.pdf?77f4-4b9b.

e EPA: Moisture Control Guidance for Building
Design, Construction and Maintenance (2013),
http://www.epa.gov/iag/pdfs/moisture-control.pdf.

e American Society of Heating, Refrigeration and Air Con-
ditioning Engineers, Inc. (ASHRAE): /ndoor Air Quality
Guide: Best Practices for Design, Construction and
Commissioning (2009), http://iag.ashrae.org/.

States and school districts interested in advanc-

ing this Energy Savings Plus Health Guide for their
K-12 school systems can convene cross-disciplinary
work groups of education, health, environmental
and energy representatives to develop state-spe-
cific guidance, including available incentives or
reimbursements. A recent report published by the
Lawrence Berkeley National Laboratory, Financing
Energy Upgrades for K—12 School Districts: A Guide
to Tapping into Funding for Energy Efficiency and
Renewable Energy Improvements (Borgeson and
Zimring, 2013), can also be used as a resource.

How the Energy Savings Plus Health Guide Is
Organized

The Energy Savings Plus Health Guide covers
23 specific priority issues and addresses com-
mon contaminants associated with building up-
grades and critical building systems that affect
IAQ. Each topic is organized in three sections:
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Assessment Protocols: Measures to identify potential
IAQ concerns in schools undergoing building upgrades.

Minimum Actions: Critical actions intended to correct
deficiencies identified during the assessments, include
minimum |AQ protections, and ensure that work does
not cause or worsen IAQ or safety problems for occu-
pants or workers (i.e., “Do No Harm”). Some of the
Minimum Actions identified overlap with regulatory
requirements but not all regulatory requirements are
listed; others are recommendations for additional steps
to protect and improve IAQ during building upgrades.
Applicable regulatory requirements must be followed
and the regulations, not the summaries in this Guide,
establish the applicable requirements. Recommended
steps are not mandatory.

Expanded Actions: Additional actions to promote
healthy indoor environments that can be taken during
building upgrades. EPA recommends considering
these improvements when feasible and sufficient
resources exist.

The Assessment Protocols, Minimum Actions and
Expanded Actions are designed to incorporate good IAQ
practices into a variety of energy efficiency and other
building upgrade projects. To be effective, the recom-
mended protocols and actions should be built into the
earliest stages of project conceptualization and design.
Working as a team, energy managers, facility managers,
IAQ coordinators and risk managers can use the guide-
lines to better understand the interrelationships between

energy efficiency and IAQ goals and identify opportuni-
ties available during typical energy management tasks
to protect and promote healthy indoor environments.

Relevant standards and guidance documents for each
priority issue are provided in an abbreviated format.
More detailed information can be found in the Refer-
ences section.

The following icons are used in the Energy Savings
Plus Health Guide:

Indicates an issue that references
Appendix B: Communication and Education
for additional information and important
considerations before, during and after
the project is complete.

Indicates an opportunity to communicate
important messages via a sign or placard
in the building; this symbol is used
exclusively in Appendix B.

Indicates an issue that references
Appendix C: Worker Protection for
recommended actions and additional
resources to minimize health and safety
risks for workers performing the building
upgrades.

How To Use the Energy Savings Plus Health Guide

ing approach is suggested:

being considered.

tailored to the project.

functionality, depending on the user’s Excel settings.

The entire Energy Savings Plus Health Guide can be used as a comprehensive resource. To streamline usability,
examples of typical school energy efficiency and building upgrade projects are identified in Table 1. The follow-

1. Use Table 1 to identify the type(s) of energy upgrade and other building renovation work
2. Use Table 1 to review IAQ/health risks and opportunities that may be encountered.
3. Use the “Energy Saving Plus Health Checklist Generator” tool, a Microsoft Excel file, to develop a cus-

tomized verification checklist, along with the specific assessment protocols and recommended actions,

Note: When using the “Energy Saving Plus Health Checklist Generator,” it may be necessary to enable macros for

1. Identify Your

Project(s) Opportunities

Examples of Projects
With Energy Savings Plus
Health Objectives

2. Review IAQ/Health Risks and

Examples of IAQ/Health Risks and Opportunities

3. Use the “Energy Saving Plus
Health Checklist Generator’ to
Create Your Custom Verification
Checklist, Assessment Protocols
and Recommended Actions

Potentially Applicable Priority Issues
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Table 1: Examples of School Energy Efficiency and Upgrade Projects

Examples of Projects
With Energy Savings Plus

Health Objectives
LIGHTING

Lighting Upgrades

® De-lamping: Removing
unnecessary light bulbs/
fixtures to save energy

* Re-lamping: Replacing
and cleaning lighting
components and fixtures

e Upgrading ballasts

e Other modifications or
upgrades (e.g., fixture
lenses, specular reflectors,
occupancy sensors)

Examples of IAQ/Health Risks and
Opportunities

IAQ/Health Risks

Asbestos-containing material, lead paint

or PCBs may be disturbed during lighting
replacement. PCBs may be present in older
florescent light ballasts that are not labeled
“No PCBs"” or “electronic.”

Mercury vapor or mercury-containing powder
from broken fluorescent bulbs or improper use
of drum-top crushers may be present.
Lighting upgrades likely will reduce sensible
heat loads, which may affect moisture removal
performance of the HVAC system.

Opportunities

Remove and replace old fixtures containing
hazardous materials with those that contain
less hazardous materials.

Properly dispose of lamps containing mercury
and fixtures containing PCBs.

Potentially Applicable
Priority Issues

1.0 Project Planning/Integrated Design

2.0 Commissioning

4.0 Asbestos

5.0 Lead

6.0 PCBs

13.0 Building Products/Materials
Emissions

18.0 HVAC Equipment

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting I1AQ During
Construction

23.0 Jobsite Safety

BUILDING ENVELOPE

IAQ/Health Risks

Roof and Ceiling Assemblies

* Repairing or replacing the
roof

¢ Upgrading roof and ceiling
insulation

e Upgrading moisture
protection

e Upgrading air sealing

Asbestos-containing material, lead paint, PCBs
or mold may be disturbed.

Installing spray-polyurethane foam may
generate indoor contaminants.

Moisture may be trapped behind spray foam
insulation when installed under a low pitch
wooden roof deck, creating the potential for
hidden, structural roof damage and mold.
Moisture may be trapped in insulation
installed below drainage planes, vapor barriers
or roof membranes (in cold climates).

Sealing the building envelope may increase
levels of indoor contaminants, including
radon, combustion by-products, moisture and
mold, and volatile organic compounds (VOCs).
Adequate ventilation must be provided to
dilute and remove indoor pollutants. Radon
mitigation systems may become necessary.

Opportunities

Control for moisture by selecting moisture-
resistant insulation, properly installing
insulation materials, and ensuring surfaces
and assemblies with condensation potential
are properly sealed and insulated to avoid dew-
point conditions.

Seal unwanted openings and leaks in the
building envelope to reduce infiltration and
conditions conducive to pest entry.

1.0 Project Planning/Integrated Design

2.0 Commissioning

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

6.0 PCBs

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants

9.0 Vehicle Exhaust

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

15.0 Unvented Combustion
Appliances

18.0 HVAC Equipment

19.0 Outdoor Air Ventilation

20.0 Exhaust Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting I1AQ During
Construction

23.0 Jobsite Safety
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Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects

With Energy Savings Plus
Health Objectives

Wall Assemblies

Repairing and sealing wall
penetrations

Upgrading wall insulation
Replacing windows
Adding window film
covering

Repairing windows
Sealing windows

Examples of IAQ/Health Risks and
Opportunities

IAQ/Health Risks

Asbestos-containing material, lead paint, PCBs
or mold may be disturbed.

Installing spray-polyurethane foam may
generate indoor contaminants.

Sealing the building envelope may increase
levels of indoor contaminants, including
radon, combustion by-products, moisture
and mold, and VOCs. Adequate ventilation
must be provided to dilute and remove indoor
pollutants. Radon mitigation systems may
become necessary.

Opportunities

Control moisture and condensation potential
on surfaces; install moisture-resistant
insulation; and ensure proper exterior drainage
and water management (e.g., include header
and panned windowsill flashing during window
replacement).

Seal unwanted openings and leaks in the
building envelope to reduce infiltration and
conditions conducive to pest entry.

Potentially Applicable
Priority Issues

1.0 Project Planning/Integrated Design

2.0 Commissioning

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

6.0 PCBs

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants

9.0 Vehicle Exhaust

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

15.0 Unvented Combustion
Appliances

19.0 Outdoor Air Ventilation

20.0 Exhaust Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting I1AQ During
Construction

23.0 Jobsite Safety

Concrete Floor Sealing

Repairing and sealing floor
penetrations

Sealing cracks and joints
in floors

Applying floor sealer/paint

IAQ/Health Risks

Asbestos-containing material, lead paint, PCBs
or mold may be disturbed.

Sealing the building envelope may increase
levels of indoor contaminants, including
radon, combustion by-products, moisture

and mold, and VOCs. Adequate ventilation
must be provided to dilute and remove indoor
pollutants.

Opportunities

Understand and appropriately manage
moisture emission rates and select sealants/
adhesives with low-VOC or no-VOC content/
emissions.

Reduce infiltration and conditions conducive
to pest entry.

Seal cracks and joints in floors, which may be
an integral part of a radon mitigation system.

1.0 Project Planning/Integrated Design

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

6.0 PCBs

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants

9.0 Vehicle Exhaust

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

19.0 Outdoor Air Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting 1AQ During
Construction

23.0 Jobsite Safety
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Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects

With Energy Savings Plus
Health Objectives

Examples of IAQ/Health Risks and
Opportunities

Potentially Applicable
Priority Issues

Moisture Barrier for Ground-
level Slabs, Basement and
Crawlspace Floors

e Adding new moisture
barriers

e Modifying or repairing
existing moisture barriers

IAQ/Health Risks

Asbestos-containing material, lead paint, PCBs
or mold may be disturbed.

Uncovered dirt floor may contribute to
excessive moisture migration into the building.
Installing carpet or floor tile over concrete
floor that has a persistent condensation or
water pooling problem will likely lead to mold
growth.

An existing moisture barrier may also be an
integral part of a radon mitigation system or
other belowground contaminant mitigation
measures and should not be disturbed.
Uncovered dirt floors may introduce pest
populations and will promote rodent habitats.

Opportunities

Provide sealed moisture barrier over dirt
foundation floors.

Provide moisture barrier beneath concrete
slabs.

Select sealants/adhesives with low-VOC or
no-VOC content/emissions.

Select exposed poly films with proper flame
and smoke ratings.

Incorporate other radon mitigation and
belowground contaminant mitigation measures
as needed.

1.0 Project Planning/Integrated Design

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

6.0 PCBs

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants

9.0 Vehicle Exhaust

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

19.0 Outdoor Air Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting I1AQ During
Construction

23.0 Jobsite Safety
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Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects
With Energy Savings Plus
Health Objectives

Examples of IAQ/Health Risks and
Opportunities

HEATING, VENTILATION AND AIR CONDITIONING (HVAC) SYSTEMS

Potentially Applicable
Priority Issues

Ducts, Fan Coils and Unit
Ventilators

e Adding or replacing ducts

® Sealing and insulating air
ducts

* Altering or cleaning fan coil
and unit ventilators

IAQ/Health Risks

e Asbestos-containing material, lead paint, mold
or other debris may be disturbed during duct
installation, sealing or replacement.

e Improper condensate drainage can present an
opportunity for Legionella, bacterial or mold
growth in units with cooling coils.

e Humid climates may require additional
dehumidification when the outdoor air supply
is increased.

e Ductwork that is not properly sealed and
insulated can lead to condensation problems if
it passes through unconditioned spaces.

e Improper modifications to HVAC systems can
cause unbalanced flows and pressures that can
lead to increased intrusion of moisture, radon
and other belowground contaminants.

e Excessive moisture promotes pest infestation.

e HVAC components may be contaminated with
PCBs if PCBs have migrated via indoor air
from caulk and/or lighting ballasts that contain
PCBs.

e Noisy ventilation systems, particularly unit
ventilators, may be turned off by staff if they
interfere with learning, which will negatively
affect ventilation.

Opportunities

e Contain and do not disturb areas of significant
mold contamination until these areas can be
remediated.

e Reduce entry of airborne contaminants into
the building; maintain interior humidity levels.

e Select low-VOC and formaldehyde-free
products.

e Provide sealed and energy-efficient ducts.

e Provide proper ventilation; properly balanced
HVAC systems can maintain positive
pressurization indoors to reduce intrusion
of moist air into the building envelope and
interior zones and belowground contaminants
and radon into the building.

1.0 Project Planning/Integrated Design

2.0 Commissioning

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

6.0 PCBs

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants

9.0 Vehicle Exhaust

10.0 Local and Regional Ambient Air
Quality

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

15.0 Unvented Combustion
Appliances

16.0 Ozone From Indoor Sources

18.0 HVAC Equipment

19.0 Outdoor Air Ventilation

20.0 Exhaust Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting 1AQ During
Construction

23.0 Jobsite Safety
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Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects

With Energy Savings Plus
Health Objectives

Outdoor Air Ventilation
(upgrades or modifications)

Outdoor air economizers
and controls

Dedicated outdoor air
systems

Filtration of outdoor
ventilation air and make-
up air

Local exhaust for indoor
areas with strong sources
of pollutants
Demand-controlled
ventilation for
intermittently occupied
areas

Additional
dehumidification, as
needed for humid climates

Examples of IAQ/Health Risks and
Opportunities

IAQ/Health Risks

e Asbestos-containing material or lead paint
may be disturbed during wall, roof or ceiling
penetrations.

e Some locations may have strong sources
of outdoor air pollution and require special
designs.

e |nappropriate use of airside economizers
can lead to cool and clammy conditions and
condensation on cold surfaces.

e Humid climates may require additional
dehumidification when the outdoor air supply
is increased.

e Excessive moisture promotes pest infestation.

e Smoking near outdoor air ventilation intakes
can increase indoor exposure to environmental
tobacco smoke.

¢ |n many parts of the United States, gross
overventilation of spaces may lead to extremely
dry indoor conditions during the heating
season and moisture issues during the cooling
season, in addition to wasting energy.

e Noisy ventilation systems, particularly unit
ventilators, may be turned off by staff if they
interfere with learning, which will negatively
affect ventilation.

e Qutdoor air ventilation may be an integral part
of a radon mitigation strategy.

Opportunities

e Ensure that outdoor air controls are working
properly, while controlling for moisture.

e Use suitable economizer controls.

e Ensure the proper location of outdoor air
intakes.

e Provide outdoor air treatment (e.g., filtration
and air cleaning) in areas where National
Ambient Air Quality Standards for particulate
matter or ozone are exceeded.

e Ensure that all occupied spaces are provided
with enough outdoor air and enough total air
circulation.

e Ensure that filter status pressure sensors and
switches are calibrated regularly.

e Plan for ongoing commissioning of systems
that provide exhaust and supply ventilation to
the school.

Potentially Applicable
Priority Issues

1.0 Project Planning/Integrated Design

2.0 Commissioning

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants
9.0 Vehicle Exhaust
10. Local and Regional Ambient Air
Quality

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

15.0 Unvented Combustion
Appliances

16.0 Ozone From Indoor Sources

17.0 Environmental Tobacco Smoke

18.0 HVAC Equipment

19.0 Outdoor Air Ventilation

20.0 Exhaust Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting IAQ During
Construction

23.0 Jobsite Safety
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Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects

With Energy Savings Plus
Health Objectives

Heating and Cooling Systems

e Boiler replacement.

e Steam trap replacement or
maintenance

e Pipe modifications:
Converting from one-pipe
to two-pipe steam systems
OR Converting from two-
pipe to four-pipe heating
and cooling systems

e System modifications:
Converting from steam to
hot-water systems

e Control valves:
Maintenance and additions

e Combustion equipment
replacement

e Air conditioning system
replacement

Examples of IAQ/Health Risks and
Opportunities

IAQ/Health Risks

e Asbestos-containing material, lead paint
or mold may be disturbed during system or
component replacement.

e Improperly vented combustion gases and
occupant exposure to carbon monoxide are
potential risks.

e Moisture or mold may be present when the
HVAC system is turned off for extended
periods of time.

e Poor humidity control during cooling system
operation can result in mold growth and
present opportunities for pest infestations.

e |nappropriate use of chilled water reset or
airside economizers can lead to cool and
clammy conditions and condensation on cold
surfaces.

e |ndoor air can become too dry for occupant
comfort and health during the heating season,
particularly in northern and high-altitude
locations.

e |nadequate humidifier maintenance can lead
to microbiological problems.

e HVAC components may be contaminated with
PCBs if PCBs have migrated via indoor air

from caulk and/or lighting ballasts that contain

PCBs.
Opportunities

e Properly vent combustion gases and ensure
that mechanical rooms with combustion
equipment have adequate make-up air and
ventilation.

e |nstall and maintain carbon monoxide
detection and warning equipment.

e Ensure that steam traps, combustion
equipment and boilers are installed correctly

and that make-up air registers are not blocked.

e Ensure that air conditioning systems are

properly sized and controlled to avoid humidity

and moisture issues, particularly under part-
load conditions, and properly sized for both
cooling and dehumidification.

e Ensure that well-maintained humidification
equipment and controls are in place to
promote occupant comfort and health during
the heating season, as needed.

Potentially Applicable
Priority Issues

1.0 Project Planning/Integrated Design

2.0 Commissioning

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

6.0 PCBs

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants

9.0 Vehicle Exhaust

10.0 Local and Regional Ambient Air
Quality

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

15.0 Unvented Combustion
Appliances

16.0 Ozone From Indoor Sources

18.0 HVAC Equipment

19.0 Outdoor Air Ventilation

20.0 Exhaust Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting IAQ During
Construction

23.0 Jobsite Safety

Energy Savings Plus Health | INDOOR AIR QUALITY GUIDELINES FOR SCHOOL BUILDING UPGRADES

11



12

Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects

With Energy Savings Plus
Health Objectives

Examples of IAQ/Health Risks and
Opportunities

Potentially Applicable
Priority Issues

HVAC Controls to Monitor/
Maintain IAQ (upgrades or
modifications)

e Temperature and humidity
controls: Installation,
replacement and/or
calibration

e Direct digital control
systems with sensor-based
control points for humidity,
temperature, carbon
dioxide or pressure

e Building automation
system that controls
outdoor air and exhaust
flow rates

e Air filtration pressure
Sensors

e QOccupancy sensors

IAQ/Health Risks

e Asbestos-containing material or lead paint
may be disturbed during wall or ceiling
penetrations.

e Mercury from removal of old mercury bulb
thermostats may present a risk.

e Sensors that are not regularly calibrated may
lead to IAQ problems.

e Poor humidity control during cooling system
operation can result in mold growth and
present opportunities for pest infestations.

e |nappropriate use of chilled water reset or
airside economizers can lead to cool and
clammy conditions and condensation on cold
surfaces.

e |ndoor air can become too dry for occupant
comfort and health during the heating season,
particularly in northern and high-altitude
locations.

¢ |nadequate operation and maintenance of

humidifier controls can lead to microbiological

problems.

e Improper HVAC controls can cause unbalanced

flows and pressures that can lead to increased
intrusion of moisture, radon and other
belowground contaminants.

e Improperly vented combustion gases; occupant

exposure to carbon monoxide.
Opportunities

e Control moisture to avoid mold growth and
pest infestations, and optimize occupant
comfort.

e Ensure that well-maintained humidification
equipment and controls are in place to
promote occupant comfort and health during
the heating season, as needed.

e Monitor and maintain outdoor airflow rates.

e |nstall and maintain carbon monoxide
detection and warning equipment.

e Properly dispose of mercury-containing
thermostats.

1.0 Project Planning/Integrated Design

2.0 Commissioning

3.0 Moisture Control and Mold

4.0 Asbestos

5.0 Lead

7.0 Radon

8.0 Belowground Vapor-Forming

Contaminants

9.0 Vehicle Exhaust

10.0 Local and Regional Ambient Air
Quality

11.0 Pests

13.0 Building Products/Materials
Emissions

14.0 Vented Combustion Appliances

15.0 Unvented Combustion
Appliances

16.0 Ozone From Indoor Sources

18.0 HVAC Equipment

19.0 Outdoor Air Ventilation

20.0 Exhaust Ventilation

21.0 Building Safety for Children and
Other Occupants

22.0 Protecting I1AQ During
Construction

23.0 Jobsite Safety
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Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects
With Energy Savings Plus
Health Objectives

Examples of IAQ/Health Risks and Potentially Applicable

Opportunities Priority Issues

Hydronic Systems (upgrades IAQ/Health Risks 1.0 Project Planning/Integrated Design
or modifications) 2.0 Commissioning

e Asbestos-containing material, lead paint 3.0 Moisture Control and Mold

¢ Chilled water system or mold may be disturbed during system or
optimization component replacement. 4.0 Asbestos
e Pipe insulation upgrades * Moisture accumulation on cold surfaces can 5.0 Lead
(chilled water, hot water, lead to mold growth and pest infestations. 7.0 Radon .
steam piping) e Legionella bacteria can grow in stagnant water, | -0 Belowground Vapor-Forming
* Hydronic or steam piping including hot water tanks. Contaminants
system changes * Poor maintenance of cooling tower will allow 9.0 Vehicle Exhaust .
e Cooling towers upgrades Legionella bacteria to grow, causing potential | 130 Erl#:s;roisroducts/MaterlaIs
risk to .n?alntenance personnel and occupants. 14.0 Vented Combustion Appliances
Opportunities 15.0 Unvented Combustion
e Control moisture to prevent mold growth Appliances
and pest infestations and optimize occupant 16.0 Ozone From Indoor Sources
comfort. 18.0 HVAC Equipment
* Manage building water systems and cooling 19.0 Outdoor Air Ventilation
towers to minimize bacteria growth and 20.0 Exhaust Ventilation
prevent legionellosis. 21.0 Building Safety for Children and

Other Occupants
22.0 Protecting I1AQ During
Construction
23.0 Jobsite Safety

MATERIALS SELECTION AND REPLACEMENT

Adhesives and Sealants I1AQ/Health Risks 1.0 Project Planning/Integrated Design

e Application of materials e Asbestos-containing material, lead paint 4.0 Asbestos
used during energy or PCBs may be disturbed when removing 5.0 Lead
upgrades for air sealing previously installed adhesives or sealants. 6.0 PCB.S . .

e Application of materials e Weatherization and air sealing can reduce air 13.0 Buﬂdlpg Products/Materials
used for adhering and exchange rates and result in elevated levels of Emls§|ons .
fastening components contaminants indoors if there is inadequate 21.0 Building Safety for Children and

ventilation. Other Occupants
22.0 Protecting I1AQ During
Opportunities Construction
e Always select sealants and adhesives for 23.0 Jobsite Safety
indoor use with low-VOC or no-VOC content/
emissions.

e Select outdoor sealants for long life to keep
out water and, when possible, with low-VOC or
no-VOC content/emissions.

e Ensure adequate outdoor air ventilation after
weatherization and air sealing.

Energy Savings Plus Health | INDOOR AIR QUALITY GUIDELINES FOR SCHOOL BUILDING UPGRADES




14

Table 1: Examples of School Energy Efficiency and Upgrade Projects (continued)

Examples of Projects

With Energy Savings Plus
Health Objectives

Examples of IAQ/Health Risks and
Opportunities

Potentially Applicable
Priority Issues

Carpet and Flooring

e Replacing existing carpet

e |nstalling new carpet over
uncarpeted areas

e Replacing or repairing
existing floor tiles

e |nstalling new