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PART I—Summary Guidance

Overview Information for Design, Construction, and Commissioning for IAQ

Part | of this Guide provides a convenient summary of the key elements of design for indoor air quality (IAQ).
These are grouped into eight Objectives:

Objective T —Manage the Design and Construction Process to Achieve Good IAQ

Objective 2 — Control Moisture in Building Assemblies

Objective 3 — Limit Entry of Outdoor Contaminants

Objective 4 — Control Moisture and Contaminants Related to Mechanical Systems

Objective 5 — Limit Contaminants from Indoor Sources

Objective 6 — Capture and Exhaust Contaminants from Building Equipment and Activities
Objective 7 — Reduce Contaminant Concentrations through Ventilation, Filtration, and Air Cleaning
Objective 8 — Apply More Advanced Ventilation Approaches

Overview text provides an introduction to each Objective. The overviews are followed by descriptions of
the Strategies that can be employed to achieve each Objective. An objective graphic for each Objective
identifies major Strategies related to that Objective. In the electronic version of this Guide, each objective
graphic in Part | contains blue interactive links to the Strategies for that Objective in Part I.

For each Strategy, there is an overview, both tabular and graphical guides to the detailed information in Part
I, one or more case studies, and occasionally a sidebar. The overview explains why the issue is important
for IAQ, how to determine whether it needs to be considered for a particular project, and potential design
solutions to the problem. In Part |, each Strategy's tabular guide to the detailed information in

Part Il identifies the elements that need to be addressed in meeting each Objective and can be modified

to be used as a checklist in project planning. Each Strategy’s graphical guide to the detailed information in
Part Il provides a visual overview of the issue. In the electronic version of this Guide, both the tabular and
graphical guides in Part | contain blue interactive links to the Part Il detailed guidance.



Manage the Design and Construction
Process to Achieve Good IAQ

The single most important step an owner or design team leader can take to reliably deliver good IAQ is to
use effective project processes. Lacking these, even the most sophisticated suite of IAQ technologies may
not deliver the desired results. Using effective project processes, however, even simple designs can avoid
IAQ problems and provide a good indoor environment.

e Strategy 1.1 — Integrate Design Approach and Solutions describes approaches to integrate design across
disciplines, enabling achievement of IAQ and other performance goals at lower cost. Many IAQ problems
occur because building elements are designed by different disciplines working in relative isolation. Even
design elements that do not appear to be related can sometimes interact in ways that are detrimental
to IAQ.

Strategy 1.2 — Commission to Ensure that the Owner’s IAQ Requirements are Met provides guidance

on commissioning (Cx) as a quality control process for IAQ, from establishment of the owner’s IAQ
requirements at project inception to construction observation and functional testing. For buildings as for
any other product, quality control in design and execution is necessary to achieve the desired result.

Strategy 1.3 — Select HVAC Systems to Improve IAQ and Reduce the Energy Impacts of Ventilation
explains how the type of HVAC system selected can constrain the level of IAQ achievable by limiting
the capability for filtration, space humidity control, building pressurization, or separation of intakes from
contaminant sources. It can also have a major impact on the energy required for ventilation. Yet the type
of system is often selected by the architect before the engineer is involved or chosen based on cost,
space required, or other factors without adequate consideration of IAQ implications.

Strategy 1.4 — Employ Project Scheduling and Manage Construction Activities to Facilitate Good I1AQ
highlights the importance of construction processes to IAQ. A project schedule that is too compressed
or improperly sequenced can jeopardize IAQ. Likewise, failure to manage contaminants and water during
construction can have a detrimental effect on occupants in buildings undergoing renovation and on long-
term [AQ in new buildings.

e Strategy 1.5 — Facilitate Effective Operation and Maintenance for IAQ explains how the design team
can help O&M staff deliver performance consistent with the design intent through appropriate system
selection, system-oriented documentation, and system-oriented training.

Objective |

NLIArE0
AJALYHLS

—



i

L

W1

/A

(Objective 1

_- _::
3 N N EW
E VS [N
N L
E%h h

11

1.2

13

14

15

Integrate Design Approach
and Solutions

Commission to Ensure that the
Owner’s IAQ Requirements are Met

Select HVAC Systems to Improve
IAQ and Reduce the Energy
Impacts of Ventilation

Employ Project Scheduling and
Manage Construction Activities
to Facilitate Good 1AQ

Facilitate Effective Operation
and Maintenance for IAQ

Ty )
A931v41S



Integrate Design Approach and Solutions

Integrated design is one of today’s buzzwords in “green” and
“sustainable” building design, but nowhere is it more important

or valuable than in relation to IAQ. Most if not all of the design

approaches and solutions that are important for achieving good I1AQ

are also important for thermal comfort and energy efficiency. They

also have very strong connections to illumination and acoustics.

Thermal comfort and good |AQ are intricately bound together both
in the characteristics of the indoor environment and in the way
building occupants respond to the indoor environment. Occupants’
perceptions of the indoor environment and the indoor environmental
quality (IEQ) impacts on occupant health have strong interactions
and, in reality, cannot be separated. Beyond environmental control
systems, IAQ is strongly determined by the building structure and
envelope, so all key members of the design team play a role in
determining the potential for achieving good IAQ in your designs.

The team members responsible for the ventilation and thermal
control solutions affect and are affected by the acoustic and
illumination requirements and solutions. Noise from mechanical
systems, waste heat from electrical illumination sources, or heat
loss or gain through glazing are as important to the selection of
ventilation solutions as the pollutant loads coming from building
materials, occupant activities, building equipment, appliances, or
any other sources. Only by considering all of the potential loads
can the optimal solution for ventilation, material selection, and
envelope design be made effectively.

The easiest and most effective way to accomplish integrated design is to assemble the entire design team
at the beginning of the project and to brainstorm siting, overall building configuration, ventilation, thermal
control, and illumination concepts as a group. The give and take of the initial design charette with the key
members present will help each team member to appreciate the specialized concerns of the others and
enable the group to develop a solution that best integrates everyone’s best ideas.

Once the initial design concept is agreed upon, then the evolution of the design through its various stages
can occur with a shared concept and the potential for direct interaction among team members as challenges
arise later in the process. The design team leader ultimately must make decisions when conflicts arise,

but starting with a concept shared by the whole team will minimize the number and importance of those
conflicts later in the process.

In typical design processes, lacking such a collaborative effort to produce an overall design concept, the
building’s basic concept ends up reflecting only some of the important considerations. Then the remainder

of the design process looks more like an effort to retrofit the design concept to accommodate the concerns
ignored initially. It is also true that many of the most environmentally responsible design solutions can

work together to produce a synergy that is not achieved when such collaboration and integration is absent.
Reducing loads—whether of pollutant emissions or of heat gain or loss—reduces demand for ventilation
and conditioning of outdoor air and results in lower first costs for equipment as well as lower operating costs.

Building design professionals understand that the design of virtually every building element affects

the performance of other elements, so it makes sense to integrate various design elements of a

building. Unfortunately, the prevailing design process of our time tends to create design elements in a
compartmentalized and linear process rather than jointly designing these elements in an interactive process.
Figure 1.1-A depicts the traditional design team; Figure 1.1-B depicts the integrated design team.
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Integrated Design Process

Typically, an integrated design process begins
with a “charette”—a gathering of the major
players, often including the client or future
occupants. A design charette may also be a
gathering of the key members of the design
team including all major consultants. When
the focus is on environmental performance,
indoor environment, energy, and environmental
impacts, it is common to identify the major
issues and establish goals very early in

the process, ideally during the generation

of the conceptual or schematic design.

An example of this process is much of the work
of architect Bob Berkebile, FAIA, principal

of the firm Berkebile Nelson Immenschuh
McDowell Architects in Kansas City, Missouri.
Berkebile founded the American Institute of
Architects (AIA) Committee on the Environment
and has long been one of the leading
practitioners of environmentally responsible
design including IEQ, energy performance,

and general environmental impacts. Figures
1.1-B and 1.1-C show typical gatherings in

the integrated design practice of BNIM.

Figure 1.1-B Designers Choosing Materials at a Typical Charette
Photograph copyright BNIM.

|

Figure 1.1-C Design Team Studying a Model of
an Early Design Concept at a Charette
Photograph copyright BNIM.

— JNIL23r80
— |93LvHLS



Commission to Ensure that the Qwner’s [AQ
Requirements are Met

What is Commissioning and Why Is It Needed?

Few manufacturers today would consider producing a product
without a formal quality control process. Yet the majority of
buildings are built without the use of systematic quality control
procedures. As a result, buildings may be turned over with
undetected deficiencies, and key assemblies or systems may
fail to function as intended. IAQ may suffer due to any number
of problems in design, material, and equipment selection or
construction. To address these problems, a growing number of
building owners are incorporating commissioning (Cx), a quality-
focused process that is used to complete successful construction
projects (ASHRAE 2005).

Commissioning Starts at Project Inception

It is a common misconception that Cx is a post-construction
process. In fact, Cx needs to start in the pre-design phase to
maximize its effectiveness and cost-effectiveness. During this
phase, the owner should select a commissioning authority
(CxA) and establish the Cx scope and budget. The design
team’s responsibilities related to Cx need to be defined in their
agreements with the owner.

During pre-design, the CA helps the owner identify and make
explicit all functional requirements for the project. These
requirements then become the focus of the Cx process. For example,
every owner expects his or her building to be free of condensation and mold problems, be properly ventilated,
and provide good-quality ventilation air, but the team can lose focus on these Owner’s Project Requirements
(OPR) so that they fail to be met if the OPR are not explicitly stated and tracked throughout the project.

The CA needs to provide input to the project schedule to ensure that it accommodates the steps necessary
to achieve the owner’s IAQ requirements. This input may include, for example, the timing of inspections that
must be made while key assemblies are still open or the proper sequencing of work to avoid moisture damage.

Commissioning the Design
It is much easier and cheaper to correct deficiencies on paper during design than in the finished building
after construction.

During conceptual design, Cx calls upon the design team to record the concepts, calculations, decisions, and
product selections used to meet the OPR and applicable codes and standards in a Basis of Design (BoD)
document. The CA plays an important role in reviewing this BoD document to determine whether it will
meet the owner’s requirements. The CA continues to review the design in the design development and
construction documents phases to ensure that they will fulfill the owner’s needs.

The CA assists the design team in incorporating into the specifications the Cx work that will be required of
contractors so that the contractors can understand and budget their role in the Cx process.

Commissioning the Construction

During construction, the CA monitors work to ensure that it does not compromise the OPR. This includes
reviewing submittals to ensure that they are consistent with the OPR and BoD and that they provide for
Cx needs. It also includes early and ongoing observation of key aspects of construction to ensure that the
owner'’s requirements are not compromised. This may include, for example, checking the continuity of
drainage planes and air barriers while walls are under construction or checking that maintenance access is
preserved as HVAC equipment and later services are installed.

§
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Strateqy 1.2

CO, ppm

The CA also provides the installation and start-up checklists that are executed and signed by the
contractors and spot-checks them after completion. Often the CA verifies a statistical sample of the
balancing report by observing the balancer as he or she conducts repeated measurements.

Testing for Acceptance

The CA designs, oversees, and documents functional tests that determine the ability of building assemblies
and systems to meet the OPR. These may include testing of building assemblies for water penetration and
air leakage or testing of control system sequences of operation for proper performance.

Systems Manual and 0&M Training

0&M manuals are often massive and can lack key information while being laden with material that does not
apply to the project. 0&M training is often a cursory afterthought. In commissioned projects, however, the
CA often defines requirements for a systems manual and O&M training to support ongoing achievement of
the OPR and verifies their delivery to 0&M staff.

Poor ventilation in an extensively renovated theater led to patron complaints of stuffiness.
Investigation identified several factors contributing to low ventilation rates:

*The design called for demand-controlled ventilation (DCV) based on carbon dioxide (CO,), with minimum
outdoor air (OA) flow modulated between 2000 and 7200 cfm (940 and 3400 L/s) to maintain CO, at or below

Theater AHU - 1
Space CO, Sensors

north sensor (faulty) @ south sensor A nominal average CO, (used for control)

Commissioning to Ensure that Design Ventilation Rates Are Met

2000
A
- A
A 4 A A
A R A
1500 A
A “ a4
A A Ash
" A r
1000 a2 "
s o A ML ° Ay
® © A A% A Qe eeel, AL
MMaday, 0 ° ° B YW o ®° “ “
adan, ° - ° ) o0
N o0 Asaa ®eo0eq,
1) S — I SR YV POV TS
3 %0000, o 0.0q 00,
9009000000000 % e0000e G900 %00
So0 %0000 cecv00e
0
o o o o o o o o
=) o o o o Is) s) s)
N oo N O N [00) o «©
- - - o - = — —
3 3 o = o o © ©
~ = = = =

Figure 1.2-A Space CO, Sensor Graph

8/1 12:00

— INILIArG0
~> AJILYHIS



Strateqy 1.2

900 ppm (1600 mg/m?3). The programming as implemented actually reset the minimum OA between 2000
cfm (940 L/s) at 1000 ppm (1800 mg/m?) CO, and 3000 cfm (1400 L/s) at 1500 ppm (2700 mg/m?) CO,.

e The north CO, sensor (diamonds near zero in Figure 1.2-A) was faulty and consistently read about 4 ppm (7 mg/m?). The
average CO, concentration used by the control system to adjust OA flow thus appeared to be about half its actual value.
For example, if the actual CO, was 1900 ppm (3400 mg/m?), the average value passed to the control loop was (1900 + 4)/2
=952 ppm [(3400 + 7)/2 = 1703 mg/m?], and the reset only called for the system to deliver 2000 cfm (940 L/s) of OA.

e The OA measuring station read about 1100 cfm (520 L/s) with the fan off, so it reached a
reading of 2000 cfm (940 L/s) at an actual flow below 2000 cfm (940 L/s).

. As aresult of these problems, the actual minimum OA never went above about 2000 cfm (940 L/s)
¢ (Figure 1.2-B). Because the project was not commissioned, the cause of the stuffiness was not
¢ diagnosed until several years after the renovation when the building was retro-commissioned.
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Gontrol Moisture in Building Assemblies

Moisture is one of the most common causes of IAQ problems in buildings and has been responsible for some
of the most costly IAQ litigation and remediation. Moisture enables growth of microorganisms, production of
microbial VOCs and allergens, deterioration of materials, and other processes detrimental to IAQ. In addition,
dampness has been shown to be strongly associated with adverse health outcomes. Control of moisture is
thus critical to good IAQ.

e Penetration of rainwater or snowmelt into the building envelope is a common cause of IAQ problems.
Strategy 2.1 — Limit Penetration of Liquid Water into the Building Envelope describes design features and
quality control processes that can limit water entry.

e Condensation is another common cause of IAQ problems. It most often occurs when moist air infiltrates
into or exfiltrates out of the building enclosure and encounters a surface with a temperature below the
air dew point. However, it can also occur due to vapor diffusion, capillary transport, or thermal bridging.
Strategy 2.2 — Limit Condensation of Water Vapor within the Building Envelope and on Interior Surfaces
describes design and quality control to reduce the likelihood of condensation problems.

® Negative building pressure can draw moist outdoor air into the building envelope, potentially leading
to condensation. It can also draw moist air into the conditioned space itself, potentially increasing
the latent load beyond the cooling system design capacity and leading to elevated indoor humidity.
Positive building pressure can push moist indoor air into the building enclosure, potentially leading to
condensation under heating conditions. Strategy 2.3 — Maintain Proper Building Pressurization addresses
pressurization control.

e High indoor humidity increases the risk of microbial growth and IAQ problems. Strategy 2.4 — Control
Indoor Humidity addresses humidity control, especially in hot, humid climates where controlling indoor
humidity can be particularly challenging.

e Some indoor areas, such as shower rooms, toilet rooms, janitorial closets, and kitchens, frequently are
wetted with liquid water or experience condensation due to high humidity. Strategy 2.5 — Select Suitable
Materials, Equipment, and Assemblies for Unavoidably Wet Areas describes strategies to preserve IAQ
in wet areas.

e Strategy 2.6 — Consider Impacts of Landscaping and Indoor Plants on Moisture and Contaminant Levels
provides information on the advantages and disadvantages of plants from an IAQ perspective.

Other important moisture control issues are discussed in the following sections:

e Strategy 1.4 — Employ Project Scheduling and Manage Construction Activities to Facilitate Good I1AQ

e Objective 4 — Control Moisture and Contaminants Related to Mechanical Systems
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Limit Penetration of Liquid Water into
the Building Envelope

Moisture in buildings is a major contributor to mold growth

and the poor IAQ that can result. Wetting of building walls

and rainwater leaks are major causes of water infiltration.
Preventive and remedial measures include rainwater tight detail
design, selection of building materials with appropriate water
transmission characteristics, and proper field workmanship
quality control.

Effective liquid water intrusion control requires both of the
following:

e Barriers to water entry established and maintained using
capillary and surface tension breaks in the building enclosure.

e Precipitation shed away from the building using continuous

Introduction
Sources of Water Penetration
Design Features to Prevent Water
Penetration
e Site Drainage
e Foundation Design
e \Wall Design
¢ Roof and Ceiling Assembly Design
® |ce Dams
Construction
Verification
e Pen Test

e Pen Test Example: Rainwater Protection
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Continuity

effective site drainage and a storm water runoff system. References and Bibliography

Establish and Maintain Barriers to Water Entry

Leaking rainwater can cause great damage to a building and the materials inside. Rainwater that falls on the
building is controlled by a combination of drainage and capillary breaks. A capillary break keeps rainwater
from wicking through porous materials or through cracks between materials and thus entering the building.
Creating a capillary break involves installing a material, such as rubber roofing, that does not absarb liquid
water. Another way to create a capillary break is to provide an air gap between materials that get wet and
materials that should stay dry. An example of an air gap is the space behind brick veneers in exterior walls.
Wall systems must employ cladding and flashing systems that direct the water away from the building.

The moisture-resistant materials that form the exterior skin of a building intercept and drain rain from roofs
and away from walls, down walls and over windows and doors, and away from foundations (above, at, and
below grade).

Sometimes a single moisture-impermeable material, sealed at the seams, forms the entire rainwater
barrier—drainage and capillary break all in one. Membrane roofing and some glass panel claddings work

in this way. Usually, however, roofing and cladding systems are backed up by an inner layer of moisture-
resistant material that forms the drainage plane. The drainage plane intercepts rainwater that seeps, wicks,
or is blown past the outer layer and drains it out of the building. An air gap between the drainage plane and
the roofing or cladding provides a channel for drainage. The air gap and the drainage plane form capillary
breaks between the outer layer and the materials inboard of the drainage plane.

Directing Water Away from the Building

The first step in rainwater control is to effectively situate the building and use or change the landscape to
divert rainwater away from the structure. These actions are known as site drainage and include sloping the
grade away from the building to control surface water and diverting water from the foundation below grade.

Once the site is designed properly to drain water away from the building, the building needs a storm water
runoff system to divert precipitation from the roof into the site drainage system. This component of moisture
control is called storm water runoff management.

The building foundation needs to be detailed to protect the building from rainwater. The above-grade portions of
a foundation are often heavy masonry or concrete walls. A great deal of the rainwater that wets the above-grade
wall simply drains off the surface to the soil below. Masonry and concrete walls are so massive, absorbed water
is more likely to be stored in the wall—drying out between storms—than to wick through to the interior.

Landscape surfaces immediately surrounding the foundation perform the same function for the walls
below grade as the roofing and cladding in the walls above grade: they intercept and drain rain away from

b}
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Strategy 2.1

the building. The dampproof or waterproof coatings on below-grade walls serve the same purpose as the
drainage plane in the above-grade walls, presenting a capillary break for rainwater that infiltrates the
surrounding fill. Free-draining fill or geotechnic drainage mats placed against the below-grade walls serve
the same function as the air gap in the above-grade walls; they provide a place for water to run down the
drainage plane.

At the bottom of the below-grade wall, a footing drain system diverts rainwater or, in some cases, rising
groundwater from the footing and the floor slab. Paint designed for use on concrete can be used on top of
the footing to provide a capillary break between the damp footing and the foundation wall.

A layer of clean, coarse aggregate with no fines can provide a capillary break between the earth and the
concrete floor slab. Plastic film beneath the floor slab provides a code-required vapor barrier and a capillary
break beneath the slab.

r~ NILIrE0
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Water Intrusion in a Multi-Family Complex

This multi-family complex
(Figure 2.1-A) had several areas
of water intrusion through the
building envelope. These areas
included the roof to vertical
wall intersection, the window
and window surround, the
penetrations, and the elevated
slabs. The water intrusion
resulted in damage in these
areas and the need to remove
portions of the building envelope
to repair the damage. The

cost of the remediation was
estimated to be over $2 million.

The areas of failure included
penetrations that were not
flashed or sealed as well as
windows and other openings
with improper flashing
around them. Damage

to these areas because

of these failures required
remediation of the building
envelope to correct them:

e Penetrations through the
waterproofing membrane
resulted in a breach in
the capillary plane and
deterioration of the underlying
structure (Figure 2.1-B).

bsat s 8% .
Figure 2.1-A Points of Water Entry into the Building Envelope



Strategy 2.1

o | ack of flashing and sealant at vent penetrations through the
veneer resulted in water intrusion (Figure 2.1-C).

| ack of flashing at the windows for control of water drainage at the
window openings resulted in intrusion (Figure 2.1-D).

o | ack of complete flashing at the low roof intersection and the adjacent vertical wall
(rake wall condition) resulted in water intrusion into the wall (Figure 2.1-E).
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Figure 2.1-B Structure Damage from Figure 2.1-C Damage from
Failures in the Building Envelope Failure at Vent Penetration

= eg R e et T e 5 | . e it o
Figure 2.1-D Damage from Window Figure 2.1-E Damage from Failure of
Surround and Window Flashing Failures the Roof Flashing Termination

Photographs copyright Liberty Building Forensics Group®.
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Limit Condensation of Water Vapor within the Building
Envelope and on Interior Surfaces

Preventing condensation or, more accurately, controlling the
moisture content of building materials helps prevent the growth
of microorganisms, especially molds, within the enclosure and on
interior surfaces. The growth or amplification of microorganisms
in buildings not only results in biodeterioration of susceptible
construction materials but also leads to the production of
allergens and microbial VOCs (which cause musty odors) that
can affect occupant health and air quality. A complex microbial
ecology can develop in or on construction materials that are
chronically wet or damp (e.g., mites feed on mold; other organisms
feed on mites). Allergens associated with molds and arthropods
growing in chronically wet construction niches can enter the
indoor environment and pose a risk to sensitive occupants.

The moisture content of building materials increases due to
water vapor transport across enclosure assemblies either due

to infiltrating, exfiltrating, or convecting air in contact with
surfaces that have a temperature lower than the dew point of
the air coming in contact with the surface and/or by diffusion due
to a difference in water vapor pressure across the assembly or
by capillary transport through the microscopic voids in building
materials. Thermal bridges in the form of highly conductive
materials that penetrate the insulated enclosure can drop

temperatures of indoor surfaces to levels promoting condensation.

Properly designed enclosure assemblies that have greater drying
potential than wetting potential and that achieve a moisture
balance over time are not always implemented, and many building
designs do not get scrutinized for appropriate enclosure design.

Introduction
Designing for Airtightness
e Air Barrier Design Requirements
Air Pressures that Cause Infiltration
and Exfiltration
® Wind Pressure
e Stack Pressure
e HVAC Fan Pressure
Air Barrier Systems
e Continuity
e Structural Support
e Air Impermeability
e Durability
o Air Barrier System Requirements
e Air Barrier Materials
e Air Barriers Subject to Temperature
Changes
 Roof Air Barriers
Controlling Convection in Enclosure
Assemblies
Controlling Condensation due to
Diffusion
Recommendations for Building
Enclosures
References and Bibliography

Building enclosures are often designed without a proper understanding of the performance of the assembly
when it is subjected to the exterior weather and interior boundary conditions. Code requirements may even
impose solutions that are problematic, such as requiring vapor retarders prescriptively or requiring water-
resistive barriers that may be too vapor permeable under certain conditions. Prescriptive criteria in codes are
slowly being improved, but the substitution of a single material in an assembly can radically change how the
assembly performs over time.

Building enclosures need to be designed by a knowledgeable design professional using design tools
referenced in ASHRAE Handbook—Fundamentals (ASHRAE 2009) in order to avoid the likelihood of
moisture-related problems.

Design for Airtightness of the Enclosure
A continuous air barrier system in the building enclosure needs to be included. A continuous air barrier
system is created by adhering to the following steps.

¢ Select a material in each opaque wall, floor, and roof assembly that meets a maximum air permeance of 0.004
cfm/ft? at 0.3 in. w.g. (0.02 L/s-m? at 75 Pa) and join it together with tapes, sealants, etc., into an assembly.

¢ Join the air barrier layer of each assembly with the air barrier layer of adjacent ones and to all fenestration and
doors until all enclosure assemblies (for the complete building as a six-sided box) are interconnected and sealed.

e Seal all penetrations of the air barrier layer. The airtight layer of each assembly will support the entire air
pressure caused by wind, stack effect, and HVAC operation.

i}
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Strateqy 2.2

e Ensure that the airtight layer is structurally supported and can support the maximum positive and negative
air pressures it will experience without rupture, displacement, or mechanical damage. Stresses must be
safely transferred to the structure.

Design for Convection

Air gaps adjacent to cool or cold surfaces can promote convection within a wall assembly. Cold air is heavier
and drops, pulling in warm humid air to replace it and deposit moisture on the cold surface. This is especially
true in vertical or sloping assemblies. The colder side can be the sheathing in colder climates or the interior
drywall in warmer climates. Eliminating the air space on one or the other side of the insulation can be
effective in preventing these convective loops. Fibrous insulation, however, which is mostly air, can also
promote these convective loops.

Design for Diffusion

A vapor retarder with appropriate permeance for the application should be placed on the predominantly high
vapor pressure side of the assembly. To design assemblies for appropriate diffusion control, hygrothermal
analysis is needed using either the steady-state dew point or the Glaser method, described in Chapter 25 of
ASHRAE Handbook—rFundamentals (ASHRAE 2009) or by using a mathematical model that simulates transient
hygrothermal conditions (such as WUFI, hygIRC, or Delphin). Users of such methods need to understand

their limitations, and interpretation of the analysis results should be done by a trained person to reasonably
extrapolate field performance approaching the design results. The International Energy Agency Annex 14

(IEA 1991) has established that a surface humidity of 80% represents a reasonable threshold for designers to
achieve a successful building enclosure assembly for temperatures between 40°F and 120°F (5°C and 50°C).

Window and Skylight Selection

Fenestration should be selected carefully by designers to avoid condensation. Fenestration is selected
taking into account the interior boundary conditions and exterior weather conditions, and, from a chart
developed by American Architectural Manufacturers Association (AAMA; 1988), the appropriate
condensation resistance factor (CRF) for the window or skylight is determined. Thermally broken units

that minimize the amount of exterior metal exposed to cold usually perform best. The edge spacer of

the insulating glass unit is usually the most conductive (and coldest) location in an assembly. A new
generation of “warm-edge” spacers that include thermally broken aluminum spacers, stainless steel
spacers, and non-metallic glass-fiber reinforced plastic spacers are increasingly being used and improve
the thermal performance of fenestration. Window and skylight manufacturers generally can provide
National Fenestration Rating Council (NFRC) simulations using the software THERM (LBNL 2008) that
show how a specific selection of window, spacer, and glass with various gaseous fill will perform. It is also
important to note that some non-metal windows that have improved U-factors may have worse CRFs than
metallic thermally broken windows. Custom designs are often required to be verified using the THERM and
WINDOW (LBNL 2009a) software and validated by physical laboratory testing.

Below-Grade Walls and Slabs on and Below Grade

Deep ground temperature in a locale is not unlike the average annual temperature, with local variations due
to shading from vegetation, elevation, or proximity to the coast. Comparing the annual average temperature
with the August dew-point temperature of the air is a good indication of whether mold will grow on slabs
and walls of below-grade structures.

Concrete is highly conductive and its temperature will become very similar to ground temperature, making
the concrete potentially become a condensation surface. Insulating outside the concrete is the best choice
for keeping the concrete above the dew point of the air. In termite-infested areas, select rigid insulation
that has termiticides included; this renders poisoning the soil unnecessary. Insulating under slabs with a
vapor retarder on top in intimate contact with the slab is the best strategy for a dry slab. Insulating on the
inside of below-grade walls is possible, but it is best to insulate using adhered rigid insulation so as to avoid
convection through fibrous insulation.

il
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Strateqy 2.2

Comparing a location’s average annual temperature (Figure 2.2-A) with the August dew point of the air
(Figure 2.2-B) is a good indication of whether below-grade structures may cause condensation and mold.

Annual Mean Daily Averoge
Temperature

FE
i

&
B5
Figure 2.2-A Average Mean Daily Temperatures
Image courtesy of National Climatic Data Center.

Figure 2.2-B Mean Dew-Point Temperatures for August
Image courtesy of National Climatic Data Center.

Thermal Bridging

Figure 2.2-C THERM Study Showing Temperature of Studs

Figure 2.2-D Ghosting of Steel Studs on Walls
Photograph copyright Wiss, Janney, Elstner and Associates, Inc.

Thermal bridges, due to conductive
materials that penetrate or
interrupt the thermal insulation
layer, cause a drop in temperature
of the interior surface in cold
climates (Figure 2.2-C). This

can cause condensation and

mold growth. It can also cause
deposition of particulates onto
the cold surfaces due to
convective loops caused by

the temperature differences,
which is called “ghosting.” In

the building shown in Figure
2.2-D in a cold climate, interior
humidity, candle smoke, and
thermal bridging combined to
cause ghosting of the steel studs.
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Maintain Proper Building Pressurization

Proper building pressurization is required to limit moisture and
contaminant transfer across the building envelope. Moisture
transfer can result in mold damage within the envelope and,
along with other contaminant transfers, can contaminate
occupied spaces within the building.

Building pressurization is the static pressure difference between
the interior pressure and the exterior (atmospheric) pressure of

a building. This static pressure difference influences how much
and where exfiltration and infiltration occur through the building
envelope. The static pressure difference across the envelope

is not the same at all points of the building envelope. Wind
direction and speed; indoor-outdoor temperature differences;
differing mechanical supply, return, and exhaust airflows to each
space; and compartmentalization of spaces can create different
static pressures at various points of the building envelope. While
many HVAC systems are designed to achieve an overall building
pressurization of 0.02 to 0.07 in. w.c. (5 to 17 Pa) differential
(across the building envelope) in the lobby, this is not always
advisable. The nature and extent of the pressure differential

will depend on a variety of factors that will need to be assessed.
The actual pressure differential can fluctuate due to changing
weather conditions, wind load, and HVAC system operation.

Positive building pressure is particularly important to maintain
in the following situations: mechanically cooled buildings in
hot and humid climates for reduced infiltration and control of
condensation and mold growth, buildings maintained at low
temperatures relative to outdoor temperatures (refrigerated

Introduction
Design Considerations
e (Climatological Requirements
e Regional and Local Outdoor Air Quality
Requirements
e Approach to Building Usage and Layout
e Building Orientation and Wind Load
e Stack Effect
Building Envelope
¢ Planned Openings
e Unplanned Openings
HVAC System
e Airflow Considerations
e HVAC System Dehumidification Capacity
e Building Static Pressure Monitoring and
Control Strategies
e Economizer Considerations
e Constant-Volume Exhaust Fan
Considerations
e Variable-Air-Volume (VAV) System
Considerations
e Return Air Plenums
e Duct Leakage
e Airflow Measurement
Verification of Pressurization Control
References

warehouses, ice arenas, etc.) for reduced infiltration and control of condensation and mold growth, and
buildings in areas with poor outdoor air quality to control the infiltration of the outdoor air contaminants.

Buildings in cold climates are typically designed for a neutral pressure to avoid exfiltration of relatively
moist air during the heating season, which could cause condensation, mold in the building envelope, and
deterioration of the building envelope. Similarly, humid spaces (e.g., natatoriums, shower rooms, spas,
kitchens, indoor gardens, humidified buildings, or areas such as health-care facilities, museums, and musical
instrument storage and performance areas) are of extra concern in cold climates and need to be slightly
negative in pressure relative to the outdoors to reduce the risk of condensation and mold in the building

envelope. A discussion on mixed climates can be found in the “Climatological Requirements” section in the
Part Il detailed guidance in the electronic version of this Guide.

Buildings are often treated as if they are one large compartment. In reality, buildings are typically composed
of many smaller compartments or spaces. The static pressures differ from one space to another due to stack
effect, changing wind direction, climate changes, HVAC system operation, etc. It is important that these
factors be considered for proper compartmentalization and/or HVAC system control and system segregation.
For example, maintaining positive building pressure in the lobby does not mean every space adjacent to the
lobby is also positively pressurized. The top floors of a building in hot weather may be negatively pressured,
and HVAC systems that employ return air plenum systems instead of return air ducts may have bands of
negative pressure on each floor.

When designing for proper building pressurization, envelope leakage is often overlooked. The amount
of envelope leakage can drastically change the required outdoor air (makeup air) quantity to maintain a
positively pressured building.

3
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Strategy 2.3

The simple assumption that outdoor air intake exceeds exhaust airflow typically does not ensure that the
building will be positively pressurized. Envelope leakage, wind load, building size and dimensions, building
orientation, compartmentalization, and building usage all need to be assessed. The more complex the
building, including layout, building height, architectural features, HVAC system type and usage, etc., the
more difficult proper building pressurization attainment will be.

In addition to the proper volume of air being provided for proper building pressurization, the distribution of
the air within the building spaces needs to be addressed. Makeup air needs to be provided in the correct
areas or spaces to help overcome depressurization due to stack effect and/or wind effect. See Strategy
7.3 — Effectively Distribute Ventilation Air to the Breathing Zone and Strategy 7.4 — Effectively Distribute
Ventilation Air to Multiple Spaces for guidance on how this can be accomplished.

3
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Results of a 300-Room Building Negatively Pressurized

A 300-room building was negatively pressurized to the outdoors (Figure 2.3-A). The warm
moist outdoor air infiltrated the building and traveled through the walls and sought entry
points into each room. One of those points was the electrical outlets. The surfaces were
cool enough (the rooms were air conditioned) to result in condensation and widespread
mold growth throughout the facility, including on the furniture and in the walls of the
building (Figure 2.3-B). Each room had individual exhaust with outdoor air introduced into
the common corridor. Verification of the building pressure and individual room pressure
never occurred. The building required complete renovation at a cost of $9.9 million.

5 .‘h;:?bt ; - =
Figure 2.3-A “"Smoke” Test Demonstrating the Building Figure 2.3-B Mold Growth due to Negative Pressure
was Negatively Pressurized in Reference to the Exterior

Photographs copyright Liberty Building Forensics Group®.
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Control Indoor Humidity

Control of indoor humidity is important for occupant health and
comfort and because high humidity can cause condensation,
leading to potential material degradation and biological
contamination such as mold. High humidity also supports dust

mite populations, which contribute to allergies. On the other hand,

low humidity affects health by drying out mucous membranes.
Humidity conditions also affect people’s perception of IAQ. Also
see Strategy 7.6 — Provide Comfort Conditions that Enhance
Occupant Satisfaction.

Situations where special consideration should be given to
humidity control include:

e hot and humid climates, especially when building pressurization
is difficult to achieve or there are long periods of no
conditioning (such as school systems shut down for the
weekend);

e conditioned spaces with large indoor moisture sources;
e conditioned spaces with unusually cold surfaces;

® spaces with continuous outdoor air ventilation and non-
continuous air conditioning (for instance, when cooling coils
cycle on/off or exhaust fans must continue to run when
conditioning systems are off); and

Introduction
Principles of Indoor Condensation
¢ What can go wrong?
Integrated Design Process
¢ Indoor Conditions, Loads, and Special
System Capabilities
System Design Tips
e Dedicated Outdoor Air Systems (DOAs)
© Hot Gas Reheat
e Variable-Air Volume (VAV)
e Small Packaged Systems
Special Spaces
Dedicated Dehumidification Systems
Humidification
¢ Humidification Using Energy Recovery
Ventilation
¢ Type of Humidification System
e | ocation of Humidifier
e Humidity Levels
¢ Maintenance Specification
e Monitoring Humidity and Automatic
Control
References

e oversized systems with excessive airflow with modulation of the chilled-water flow rate as the only

available control method.

These are situations that contribute to the risk of localized excessive humidity and condensation in the
presence of surfaces with temperatures below the dew point. In addition, any building in a cold climate may
experience extremely low humidity, but this situation does not always mean that installation of a humidifier

is advisable due to concerns about other potential problems.

Principles of Condensation

As air is cooled, its capacity to hold moisture diminishes. When air cools enough that it becomes saturated
(100% RH) so it can no longer hold all its water vapor, the vapor turns back into a liquid (condenses). The
temperature at which this happens is a called the dew point and typically occurs on surfaces that are cooler

than the dew point of the surrounding air.

Integrated Design Process

Air-conditioning system designers often choose indoor conditions like 50% RH or 60% RH (ASHRAE
Standard 62.1 requires 65% for systems that dehumidify [ASHRAE 2007a]) and design a system to handle
the peak sensible load (i.e., peak dry-bulb temperature). However, most of the time systems operate at part
load. Under these conditions, systems that control only space dry-bulb temperature may not provide enough
dehumidification to keep space humidity within an acceptable range. For this reason, ASHRAE Standard
62.1 now requires that designers consider the dehumidification performance of the system at a “humidity
challenge” condition intended to represent a part-load situation with high latent and low sensible load.

This change requires additional design effort for load calculations at more than one design condition,
selection of automatic temperature control for humidity considerations, possibly a change of system type,
and coordination with those selecting exterior walls and surfaces on the interior. Beyond these required
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Strategy 2.4

design considerations, IAQ would benefit from actual measurement of humidity (relative humidity or dew
point) and feedback to control system parameters.

System Design Tips

In hot, humid climates or other situations with high latent loads, constant-volume systems with on/off
cycling control may not provide adequate humidity control at part-load conditions. Cycling a direct expansion
(DX) cooling system on and off to satisfy space temperatures or resetting the discharge air temperature
upward reduces the system’s ability to remove moisture from the supply air. Other system designs can keep
indoor humidity within an acceptable range without the need for dehumidifiers or humidity control systems.
These may include selecting a lower discharge air temperature (lower cfm/ton [L/s per kW] ratio) VAV
control (even for single-zone systems), use of hot gas reheat, dedicated outdoor air systems (DOASs) and
demand control of outdoor air.

Some of these strategies may not be available with smaller packaged cooling units but may be available
with an upgrade of the HVAC equipment or a change of the system type. Packaged units may not have
published selection data at low discharge air temperature (lower cfm/ton [L/s per kW] ratio), and the
designer may need to contact the manufacturer. It may be necessary to put multiple spaces on a single
packaged unit or built-up system in order to get access to features available on the larger units, such as
lower discharge air temperature, compressor unloading, VAV systems, energy recovery, hot gas reheat, or
demand control of outdoor air (for instance, by control of CO,).

Special Spaces

Spaces that have large latent loads and small sensible loads, either at full load or at part load, may require
dedicated humidity control systems. Some designs call for intentionally cool surfaces, such as a chilled
ceiling system and uninsulated ductwork in occupied spaces. It is especially important to analyze the
resulting space humidity to avoid condensation in these systems. A space that requires high outdoor air
ventilation rates in humid climates is a candidate for energy recovery ventilation, primarily for the purpose of
using less energy to cool and dehumidify the outdoor air.

Dedicated Dehumidification Systems

Dedicated humidity control systems (dehumidifiers) may be required in spaces that are underground, in
swimming and bathing areas, in kitchens, or where large volumes of unconditioned humid outdoor air enters
the space, for instance, by door openings or other forms of infiltration. Dehumidifiers may be based on the
refrigerant cycle or use a desiccant. The latter is a material that is hygroscopic (attracts water) and removes
water vapor from an airstream; it must be regenerated by heating to drive off the water as part of the
operation cycle.

In showers, natatoriums, and cooking areas, it is accepted that humidity will be high and condensation will
occur, and consequently surfaces need to be inorganic and cleanable (see Strategy 2.5 — Select Materials,
Equipment, and Assemblies for Unavoidably Wet Areas). Moisture can be kept out of less moisture-tolerant
parts of the building by keeping spaces with high humidity at lower pressure than adjoining spaces.

Humidification

Humidification of buildings may solve some comfort and health problems but may create others. For

this reason, ASHRAE Standard 62.1 no longer requires a minimum humidity level in buildings, and many
designers prefer to err on the side of no humidifier. However, this view is not universally held. It is possible
that humidifiers can have real benefits if properly applied and maintained (Schoen 2006).

When designing a system with humidification, be aware of the requirements of ASHRAE Standard 62.1 and
several additional design issues delineated in the following.

The ASHRAE Standard 62.1 (Section 5.13) requirements are the following:
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Strateqy 2.4

e \Water must be from a potable or better source.

e Downstream air cleaners and duct obstructions such as turning vanes, volume dampers, and duct offsets
should be kept greater than 15° away from the humidifier (as recommended by the manufacturer) or a
drain pan should be provided to capture and remove water.

Additional design issues are the following:
e Consider preconditioning outdoor air using a total energy recovery wheel.

e Different types of humidifiers have different advantages and disadvantages. Avoid those using reservoirs
of standing water and be aware of water treated with chemicals.

e Higher levels of indoor humidity concurrent with low outdoor temperatures increase the potential for
condensation. Therefore, do not overhumidify. A setpoint of 20% RH or lower may be reasonable for many
buildings during very cold weather.

¢ [ ocate the humidifier after the heating coil, where relative humidity is lowest, and provide water-tolerant,
nonporous airstream surfaces downstream.

e Consult manufacturers and their representatives skilled in the application of systems in the climate and
water conditions at the project location.

e Since the disadvantages of humidifiers are so driven by maintenance, it is especially important that
building operators get additional assistance. Consider writing a maintenance specification for pricing with
the installation.

Monitoring Humidity and Automatic Control

Whether the goal is to remove humidity from indoor air or to intentionally humidify, monitoring humidity is
useful. Initially, monitoring can aid in verifying system performance during the test and balance/Cx process.
During operation, monitoring can provide feedback and early warning of excursions.

Humidity is difficult to measure accurately, especially at very low or high relative humidity. Instruments to
measure humidity cost significantly more than those for dry-bulb temperature and require more maintenance,
and reliable standards against which to calibrate are more expensive. Inexpensive types of real-time
monitoring that can prevent serious problems are the use of liquid moisture sensors in below-grade floors
subject to flooding, secondary condensate pans, and water heater overflow pans.
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Assembly Room Humidity Control with VAV

An assembly room that is part of a large religious and educational facility has a single chilled-water air handler. The room

¢ is used for meetings, parties, and performances, and the chilled-water coil meets the full load, even at about 50% outdoor
air. Conventional part-load controls would throttle the chilled-water valve at constant airflow, resulting in a warmer coil that
would lose its ahility to dehumidify unless reheat is applied. Figure 2.4-A and Table 2.4-A show how an upgrade of the air
handler to VAV control accomplishes dehumidification without the use of reheat. The upgrade also includes DCV by sensing
CO0, and tracking the actual outdoor air supply using dedicated minimum outdoor air inlets with airflow sensing and dampers.

¢ The psychrometric chart in Figure 2.4-A and the accompanying table (Table 2.4-A) represent the load conditions at the

:dehumidification design conditions and not the more common peak dry-bulb temperature. The system can meet the low
room temperature and humidity design conditions. In order to do this, the coil discharge temperature is kept low (48.5°F
[7.5°C]). The high latent load (54% of the total load) and the low airflow (about 180 cfm/ton [19 L/s per kW]) require a
low entering chilled-water temperature (39°F [4°C]). In order to maintain humidity control, this particular design did not
include upward reset of discharge air and chilled-water temperatures. Reset could be considered for efficiency but would
require additional considerations for the control algorithm, such as possible measurement of room humidity as an input.
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Figure 2.4-A Assembly Room Psychometric Chart
Inset photograph courtesy of Larry Schoen.
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Design Conditions

Room air temperature
Room humidity
Outdoor air temperature at design dew point

72.0°F (22.2°C) Low design temperature for comfort
58 % RH Low design relative humidity for comfort
81.2°F (27.3°C) Coincident dry bulb, not peak dry bulb

Coil sensible heat ratio (SHR)
Entering water temperature
Leaving water temperature

Water flow

Outdoor air design dew point 74.1°F (23.4°C) This is the 1% design dew point
New Fan Conditions
Total airflow 18345 cfm (8660 L/s) Note the low airflow/ton (kW)
Outdoor air 9000 cfm (4250 L/s) Note the high percentage outdoor air
New Cooling Coil Conditions
Mixed/coil entering air temperature 76.5°F (27.7°C)
Coil leaving air temperature 48.5°F (9.2°C) Note the low temperature for dehumidification
Mixed/coil entering air enthalpy 33.8 Btu/Ib (60.7 kd/kg)
Leaving coil air enthalpy 19.3 Btu/Ib (27.0 kJ/kg)
Total cooling 1197 MBh (350 kW) Corresponds to 100 tons (350 kW) at design dew point
Sensible cooing 555 MBh (163 kW)
Latent cooling 642 MBh (187 kW) 54% of the load is dehumidification

0.46 Not the low coil SHR
39.0°F(3.9°C) Note the low chilled-water temperature required
49.0°F (9.4°C)

239 gpm (15 L/s)

r~ NILIArE0
o= A9IVHLS

Table 2.4-A Assembly Room Dehumidification without Reheat
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Select Suitable Materials, Equipment, and Assemblies for
Unavoidably Wet Areas

25

Certain areas within buildings will have high local humidity and/or
the frequent presence of liquid water. These include washrooms,
kitchens, and janitorial closets. Special attention must be paid to

Introduction
Indoor Areas Subject to Repeated

the material surfaces employed in these zones such that they can Wetting . .
withstand the impact of frequent wetting. As stated by Latta in Problems I_\ssomated with Wet
1962, the harmful effects of water on building materials cannot M_atenals . .

be overemphasized, and the construction of durable buildings Materials Susceptible to Moisture
would be greatly simplified without water's influence (Latta 1962). Da!mage . .

More recently, the concept of the “4 D's” of moisture control in Sele't‘:l::::rti);Il:lmsture-Resmtant

buildings was advanced: deflection (don't let the moisture in),
drainage (give moisture a means of escape), drying (facilitate air
movement/breathing to remove moisture), and durability (mold
and corrosion resistance of materials susceptible to wetting) (CMHC 1998). These aspects are well studied
when it comes to building envelope design (see Strategy 2.1 — Limit Penetration of Liquid Water into the
Building Envelope, Strategy 2.2 — Limit Condensation of Water Vapor within the Building Envelope and on
Interior Surfaces, and Strategy 2.3 — Maintain Proper Building Pressurization) but also apply to certain indoor
spaces.

References and Bibliography

The best design efforts cannot prevent occasional wetting incidents, and certain indoor activities
intentionally lead to damp conditions and materials. The main focus of this Strategy lies with the durability
aspect of materials subjected to periodic wetting episodes within buildings. This Strategy identifies building
areas that may be subject to repeated wetting, reviews the properties of materials that enable moisture
resistance or tolerance, and finally describes those materials suitable for use in wet locations.

The growing concern regarding the impact of damp spaces on occupant health—specifically the
involvement of damp materials in this regard—is highlighted in the recent report on Damp Indoor Spaces
and Health (I0M 2004), which concludes that “studies should be conducted to evaluate the effect of the
duration of moisture damage of materials and its possible influence on occupant health and to evaluate the
effectiveness of various changes in building designs, construction methods, operation, and maintenance in
reducing dampness problems” (p. 5). It is clear then that our knowledge in this area remains limited. Some
practical advice can, however, be provided in terms of material selection. Materials that combine moisture-
resistant and non-resistant layers (e.g., vinyl-coated wallboard) may be highly susceptible to mold growth
when subjected to wetting. In zones with high humidity, the use of suspended ceilings can result in the
creation of unconditioned spaces that may become susceptible to condensation.
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Strateqy 2.5

Figure 2.5-A Inadequate Track-Off Design for Local Conditions
Photograph courtesy of Hal Levin.

f

Depending on the local climate and season, building
entrance areas may be exposed to wet conditions on

a recurring basis. A social services building in a cold
winter climate provides an example where inappropriate
selection of flooring materials coupled with poor
entranceway design created an |AQ problem that was
further exacerbated by HVAC design and operation
(Figure 2.5-A).

This building’s inadequate track-off system could not
cope with the snow and moisture introduced by visitors'
footwear. Clients for the social services department
waited in a large carpeted corridor immediately adjacent
to the building entrance. Dirt and moisture accumulated
on the corridor’s carpeting such that it typically
remained wet. A failure in the building’s air-handling
system resulted in reduced outdoor air delivery during
cold winter days. As a result, inadequate air exchange
limited the drying potential for the wet carpeting. The
combined effect of these factors was an extremely
moldy carpet and a strong odor throughout the social
services section. Integrated design employing proper
track-off systems, use of appropriate flooring materials,
and effective HVAC system design and operation would
have prevented these IAQ problems.
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Consider Impacts of Landscaping and Indoor Plants
on Moisture and Contaminant Levels

There are potential advantages and disadvantages associated with
the presence of plants as a component of the building envelope
(e.g., green roofs or roof gardens, living facades, or vertical
gardens) or on walls or other locations in the interior space (e.g.,
atrium gardens, living walls, vertical gardens, biowalls). As part of
their physiology, plants emit water molecules into the air through
the process of transpiration. In an outdoor environment like a
building roof, this provides evaporative cooling. Plants also provide
shading to the microenvironment. Inside buildings, an average-
sized houseplant emits up to 0.22 Ib (100 g) of water per day into
the indoor air. An increased amount of water vapor in the air will
raise the relative humidity. In a building, this is an advantage during the dry season depending on the source of
the water but can be a disadvantage in a warm, humid condition if not well managed.

Introduction
Outdoor Plantings
e Green Roofs
e Green Facades and Vertical Gardens
Indoor Plantings
e Potted Plants
Moisture Content, Water Activity, and
Dampness
References

Benefits of green roofs are thought to include reduction in stress (i.e., thermal stress) on the water proofing
membrane, reduction in heat island effects in urban areas, and reduction in storm water runoff. It is widely
recognized that both the integrity and protection of the waterproofing membrane beneath the roof garden
need to be of very high quality if leakage into the building is to be avoided. In this regard, the building
architect and the landscape (garden) architect need to work together to ensure that the waterproofing
membrane is installed with excellent workmanship and that penetrations through the membrane are avoided.

The presence of indoor flora (potted plants, atrium gardens, etc.) is generally perceived as beneficial to
occupants. However, this assumes that the water transpired does not exceed the capacity of the HVAC
system to manage the increased water in the room, that the potted plants are not overwatered, and that
atrium gardens are well maintained. Additionally, there is limited research that suggests that root-zone
microbial communities of indoor plants reduce VOC contaminants in the indoor air. However, the presence of
indoor plants needs to be decided with caution, because some literature also shows that potted plants can
result in elevated levels of some fungi indoors, including some pathogenic species.

The illustration in Figure 2.6-A provides background for understanding the concept of water activity

(a, ), which is a measure of how readily microorganisms or plant roots can extract moisture or free water
for growth from the materials on which they are growing. Many fungi and bacteria can grow at an a, of
0.97-0.98. This is equivalent to the moisture content in a building material in a closed system that has
equilibrated with a 97%—98% RH atmosphere in that closed system. The roots of green plants require an

a of 0.97-0.98 in order to extract water molecules from the materials on which they are growing. These
conditions are similar to those that allow for microbial growth on construction materials. Thus, the concept
that indoor plants may be beneficial needs to be tempered with the realization that moist building materials
and the root-zone are also growth sites of various microbial communities.

L

r~ N80
= MAIVHIS



Strategy 2.6

Moisture Content, Water
Activity, and Dampness

Green Facades .&.J:
and Vertical
Gardens

s

|’<,, ol
:%.
I+

|

Potted
Plants

Indoor <
Plantings

h

.. Outdoor
... Plantings

Plants and
Transpiration

r~ NILIArE0
= I HEILT



e

Strategy 2.6 Y
Moisture in Envelope Infrastructure Facilitates Growth of Tree Sapling

" A 3 Figure 2.6-A shows a tree sapling growing

\ from the upper portion of a window. The
roots of this plant are obtaining moisture (see
discussion on water activity in the overview)
and nutrients from the envelope infrastructure.
Microorganisms including fungi and bacteria
also grow on plant roots in and on organic
construction materials, from which the plant
root systems are extracting water.
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Figure 2.6-A Tree Sapling Growing from Upper Portion of Window
Photograph courtesy of Phil Morey.
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Limit Entry of Outdoor Contaminants

Contaminants from outdoor sources can have a major influence on IAQ. These contaminants include
particles and gases in outdoor air, contaminants in the soil and groundwater, herbicides and pesticides
applied around the building, and contaminants carried in by pests. The Strategies in this Objective are
intended to limit entry of these contaminants.

Outdoor air pollutants entering a building through ventilation and infiltration can have significant health
impacts. For example, airborne particles and ozone are both associated with respiratory and cardiovascular
problems ranging from aggravation of asthma to premature death in people with heart or lung disease. In
many areas of the U.S., levels of these and other pollutants exceed standards set by the EPA. Even in areas
where regional outdoor air quality is good, pollution may be high at specific sites due to local sources.

e Strategy 3.1 — Investigate Regional and Local Outdoor Air Quality describes assessment of outdoor air
pollution levels and control measures to limit the entry of these contaminants.

e Strategy 3.2 — Locate Outdoor Air Intakes to Minimize Introduction of Contaminants addresses
separation of air intakes from such local and on-site sources as motor vehicle exhaust, building exhausts,
and cooling towers.

e Strategy 3.3 — Control Entry of Radon describes mitigation techniques for radon, a naturally occurring
radioactive soil gas that is the second leading cause of lung cancer in the U.S.

e An important but less widely recognized source of contaminants is intrusion of vapors from contaminated
soil or groundwater. Strategy 3.4 — Control Intrusion of Vapors from Subsurface Contaminants describes
processes to screen sites for such sources and techniques to limit vapor intrusion.

* People entering buildings can track in contaminants such as pesticides as well as dirt and water that
can foster microbial growth. Strategy 3.5 — Provide Effective Track-Off Systems at Entrances describes
strategies to reduce tracked-in pollutants.

¢ Rodents, birds, insects, and other pests can be sources of infectious agents and allergens. Strategy 3.6 —
Design and Build to Exclude Pests describes techniques to limit infestation by pests.

Other Strategies that are important in limiting entry of outdoor contaminants are the following:

e Strategy 1.1 — Integrate Design Approach and Solutions

e Strategy 2.3 — Maintain Proper Building Pressurization

e Strategy 2.6 — Consider Impacts of Landscaping and Indoor Plants on Moisture and Contaminant Levels
e Strategy 4.4 — Control Legionella in Water Systems

e Strategy 7.5 — Provide Particle Filtration and Gas-Phase Air Cleaning Consistent with Project IAQ
Objectives

(Objective J
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Investigate Regional and Local Outdoor Air Quality

Assessment

“The control of air quality is one of the functions of complete
air conditioning, and some knowledge of the composition,
concentration and properties of air contaminants under various
circumstances is therefore essential. .. the engineer will find, at
times, that odors originating outside buildings in industrial of
business districts may have an even greater bearing than indoor
contamination on the kind and capacity of equipment he must
provide for a high quality air supply installation.” (ASHVE 1946)

More than sixty years after the 1946 reference above, the
outdoor atmosphere still contains many particles and gases that
can adversely affect IAQ. A primary resource for information on
outdoor air pollution is in the Green Book on the EPA Web site
(www.epa.gov/air/oagps/greenbk). EPA illustrates on maps areas
that are not in compliance (nonattainment) with the National
Ambient Air Quality Standards (NAAQS) (EPA 2008b, 2008c). EPA
established the NAAQS as directed by Congress in the Clean Air
Act. Pollution can be from particles, gases, or both.

Following the requirements in ASHRAE Standard 62.1 (ASHRAE

2007a), the first step in ventilation design for IAQ is to determine compliance with outdoor air quality
standards in the region where the building will be located. The next step is to determine if there are any
local sources of outdoor air pollution that may affect the building. Filtration or air cleaning can then be
considered as a means of reducing the entry of these outdoor contaminants into the indoor environment.
Operating scenarios can also be developed to reduce entry of pollutants into the building if the pollutant
levels vary over time. For instance, CO from cars will vary with traffic volumes and patterns. Ozone also
varies by time of day, with higher concentrations usually in the afternoon.

NAAQS Particles

e Particles designated PM10 are particles that are smaller than 10 um in diameter. ASHRAE Standard 62.1-
2007 requires a minimum of MERV 6 filters at the outdoor air in areas that are nonattainment with PM10.
Higher Minimum Efficiency Reporting Value (MERV) filters will provide additional filtration efficiency.

e Particles designated PM2.5 are particles that are smaller than 2.5 pm in diameter. Filters tested by ANSl/
ASHRAE Standard 52.2, Method of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency
by Particle Size (ASHRAE 2007c), are measured for efficiency at particle size fractions including 0.3 to 10
pm. Filters need to have MERV values greater than MERV 8 to have any effective removal efficiency on
these smaller particles. Filters with MERV = 11 are much more effective at reducing PM2.5.

e | ead is a solid and will be a particle or may be attached to other particles in the atmosphere. Filters that
are effective on small particles will also be effective at removing lead from the outdoor airstream.

NAAQS Gases

e Ozone is formed in the atmosphere by a photochemical reaction under sunlight. Therefore, ozone is not
generated on cloudy or cold days. Ozone air treatment is provided by carbon or other sorbent filters that
cause the ozone to react on the surface. Table 3.1-A illustrates the air quality index for ozone.

e There are no areas in the U.S. that are currently nonattainment for nitrogen dioxide (NO,). There are gas-
phase air cleaners that can be effective on NO,.

e Sulfur dioxide (SO,) can be cleaned by gas-phase air cleaners. Certain filter materials (for example,
activated alumina/KMn0,) adsorb SO,
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Strategy 3.1

e There is no commercially available air cleaner for CO that operates at room temperature. Scheduling of
activities and the ventilation system operation, as well as outdoor air intake location, are strategies to
reduce the impact of CO on the indoor environment.

Other Pollutants

¢ Airborne dust is no longer regulated as a NAAQS pollutant but can be a problem in areas with agriculture,
high pollen, certain industries, or desert climates. Filtration of airborne dust needs to focus on the dust-
holding capacity of the filtration system.

e Qutdoor sources of VOCs include industrial emissions, traffic, mobile equipment, area sources such as
wastewater lagoons, and some natural sources. If there are local (nearby) sources of VOCs, filtration or air
cleaning needs to be considered.

¢ QOdors in the atmosphere are often (but not always) regulated in response to citizen complaints in urban
environments. Odors can be removed from outdoor air with air-cleaning technology that is tailored to the
specific compounds that cause the odor. Occupants tend to be highly sensitive to odors.
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