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Abstract

{VAC system designs must address both high indoor air quality as
well as energy cfficiency as the awarencess of and demand for proper air
quality increases. Economic considerations such as installation and operat-
ing costs have impaired many conventional system designs to the point of
compromised indoor air quality. This paper discusses many HVAC design
paramecters that are critical to achicving adequate indoor air quality. Topics
include location of building fresh air intakes and cxhaust air outlets,
cconomizer systems, airflow tracking, filtering systems, sound attenuation,
humidification systems, room air distribution, coil drain pans and conden-
sate traps, duct zoning, localized exhausts, and temperature and humidity
control.

Introduction

Becausce of combined cffects of decreased ventilation rates and tighter
building construction to produce “energy-cfficient” buildings, as well as
increasing volumes and types of building generated air pollutants, many
buildings are experiencing problems with indoor air quality.

Indoor air quality awareness is increasing rapidly as more informa-
tion is madc available on contaminant detection, resulting health hazards,
and the cost of poor productivity and/or litigation because of sick or
uncomfortable workers.

Inthe past,energy cfficiency wasthe primary designdriver. However,
today HVAC system designers must respond with system solutions that

offer both high indoor air quality as well as energy cfficiency.

Systems that are both energy cfficient and promote healthy environ-
ments are realized through careful consideration of design parameters that
directly affect indoor air quality. These include the proper use of ecconomiz-
crs, variable air volume systems, airflow measurement, air filters,
humidification, drain pandesign, and sound attenuation. Alsoincluded are
many designoptionsthat, whenconsidered collectively during preplanning
stages, can significantly improve indoor air quality throughout the life of a
building.

Indoor Air Quality

In the past, HVAC systems adapled well to the energy crunch by
implementing designs for greater energy-cfficient operation. Considering
that almost 10 percent of the total U.S. encrgy consumption is attributed to
heating, cooling, distributing, and otherwise processing ventilation air for
buildings, it is no surprise that most designs meant a reduction in ventila-
tion (ASHRAE, 1987).

Evolving with such reduced ventilation systems were new building
matcrials and furnishings that incorporated contaminants, such as formal-
dechyde. In addition, new buildings were being designed for very low air
leakage, with permanently closed windows.

Published information on the health hazards, combined with im-
proved instrumentation to detect contaminants, has resulted in workers
who are more aware of their indoor air quality (IAQ).

Because a business’ cost of conditioning building air is about $2 per
squarc foot, while the cost of an adequately productive werk force is about
$150 per square foot, the cconomies of indoor air quality are gaining
importance.

Many indoor air contaminants stem from a building’s cvery day use
such as copy cquipment exhaust, clcaning solvents, floor waxcs, acrosols,
radon gas, cosmetics, smoking, and human body odor. Volalile organic
compounds (VOCs), which are produced from synthctic furnishings, car-
pets and some building materials, also arc a problem in maintaining 1AQ.

In addition, the HVAC system itself adds to the IAQ problem with
dust and microbe accumulation in filters, duct linings, cooling coils, drain
pans, and humidifiers. Other causes of TAQ contaminants may be the
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location of outdoor air intakes, which results in the introduction of automo-
tive exhanst, or an inadequate outdoor air supply volume, which results in
CO? and other contaminant build-up (sce Figure 1).
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Figure 1
Common Causes of Indoor Air Quality Complaints

Ventilation Systems 483 % |
Inside Contamination (other than smoking) 17.7 % ;
Contamination from Outside Sources 10.3% i
Poor Humidity Control 4.4% '
Contamination from Building Matcrials 3.4%
Hypersensitivity (Pncumonitis) 3.0%
Cigarette Smoking 2.0%
Other or Unknown 10.9%

Source: National Inslitute for Occupational Safety and Health (NIOSH)
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Because occupant- and building-generated contaminant sources are’

difficult to climinate, remedics are directed at contaminant dilution and
removal. In contrast, HVAC syslem-gencerated contaminants are more
casily controlled through proper system design, which actually removes
the pollutant source.

Conventional energy-cfficient HV AC systems with minimal ventila-
tion keep indoor air contaminants recirculating in building air. This results
in higher concentrations of internally generated pollutants.
¢«  The fact that “Sick Building Syndrome” (defined when more than 20
percent of a building's occupants have illnesses such as respiratory infec-
tions, headaches, and cye irritations perceived to be caused by indoor air
contaminants) is now a well known term means that companies and their
cmployees are aware of the standards they want in IAQ.

Consistently achicving adequate TAQ over the long term requires
thoughtful analysis of the many IAQ contaminant countermeasures.

Some straightforward countermeasures include adequate outdoor air
ventilation, clean air filters, and properly pitched and trapped cooling coil
drain pans. Other countermeasures réquire more pre-planning such as

installing means o isolate building ventilation zones where building reno-
vations may take place, planning for office equipment and its direct ex-
haust, and measurcment of outdoor air intake to assure a minimum stan-
dard while maintaining heating/cooling economy.

The best HVAC design for achieving adequate 1AQ is one that
considers all possible countermeasures and their contribution to both a
healthful and energy-efficient environment.

QOutdoor Air Intakes

A first step in achicving high quality indoor air is to start with high
quality outdoor air for building ventilation.

Substantial progress has been made in the improvement of outdoor
ambicnt air quality through rescarch and regulatory activity aimed at the
environmentand industry (ASHRAE, 1987). The Environmental Protection
Agency, the National Institute for Occupational Safcty and Health, as well
as statc and local authoritics monitor air quality and conformance to air
quality standards. These standards include limits for sulfur dioxide, carbon
monoxide, ozone, nitrogen dioxide, lcad, and total particulate counts in
outdoor air (sce Table 1) (ASHRAE, 1989). '

However, conforming to standards alone is not cnough. To some
building occupants, odors from a nearby fast-food restaurant may be quite
noticcable and bothersome, and complaints may quickly mount. One
means to minimize scveral possible outdoor air contaminants is to locate
properly outdoor air intakes. Thoughtful design of outdoor air intakes can
reduce the need for costly outdoorair treatment and cleaning systemsin the
future (sce Figure 2).

Someitemsto considerare: odors fromrestaurants, beauty salons, and
laundrics; roadway, gas station, parking garage, and “drive-up” carbon
monoxide cxhausts; and sulfur exhausts fromlandfills and garbage dumps.

Nearby undeveloped lots should be considered with respect to lot
zoning and the type of business that may appear there in the future. Other
more subtle intake contaminants to consider include bird nests with asso-
ciated fecal material, the proximity of cooling towers, and standing water
such as a pond that may produce odors and airborne microbes (Meckler,
1991).

In addition, the location of outdoor air intakes should ensure that no
cross contamination from the same building’s exhaust will be possible.
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. Table 1
National Primary Ambient-Air Quality Standards for Outdoor Air %’
As Set by the U.S. Environmental Protection Agency b
o
=
oo
Long Term Short Term R
3
Contaminant Concentration Averaging Concentration Averaging u
ug/m> ppm ug/m> ppm
Sulfur dioxide 80 0.03 1 year 365 0.14 24 hours
Total Particulate 75° — 1 year 260 — 24 hours
Carbon monoxide 40,000 35 1 hour
Carbon monoxide . 10,000 9 8 hours
Oxidants (0zone) 235P 012°  1hour
Nitrogen dioxide 100 0.055  1year
Lead 1.5 — 3 months®
aArithmetic mean
bStandard is attained when expected number of days per calendar ycar with maximal hourly average 5
concentrationsabove0.12ppm (235 ug/m?3)is equal to or less than 1, as determined by Appendix H to subchapter <
C,40CFR 50 =
“Three-month period is a calendar quarter. -
&
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Before 1989, the ASHRAE standard for minimum outdoor air venti-
lation for office occupancies was five cubic feet per minute (cfm) per
person. However, the standard is now at 20 cfm per person for office
occupancies, 25 c¢fm for hospital paticnt rooms, and 30 cfm for operating
rooms (ASHRAE, 1989 and Roberts, 1991). This fourfold increase in the
minimum standard has left many existing economizer designs opcerating
below aduequate ventilation levels (see Figure 3).

Forexample, duringambient outdoor temperaturesin the 50°F to 60°F
range, the economizer opens outdoor air dampers achieving ventilation
levels far above the minimum requirements for outdoor air intake per
person. However, during higher or lower outdoor temperatures where
cooling or heating energy is required, the economizer unit restricts outdoor
air dampers electing to re-cool the building’s return air.

Figure 4 depicls a standard commercial rooftop cconomizer design
containing return, exhaust, and outdoor air dampers and a supply fan. A
fault in this design is the lack of an exhaust or return fan and the resultant
inability to assure minimum ventilation and cffectively purge building air
with outdoor air.

Figure 3
Outdoor Air Requirements for Ventilation*
Room Type Outside Air
Hotel GUESEFOOM ettt 30 CFM
Office SPACEs: s s 20CFM
Reception Arca ... e 15 CFM
TREALET sscssssmsssionss shommsmsonizsnsmminisnn P — 15 CFM
@ F- 13 o o) o 15 CFM
LADTATY . concivisisimsiscssmsasmmosssssinimsssisninamsnmsansise ersmmasssninss 15 CFM
Hospital
Paticnt ROOM v 25 CFM
Operating RoOm swsamummamsserssannaomimsss 30 CFM [
* According to American Socicly of Healing, Refrigerating and Air :
Conditioning Engineers (ASHRAE) ventilation standards. |
(CFM = Cubic Feet of Outdoor Air per Minutc) i
|
e e s . N— o S S M i @ )

Figure 4
St.: :lard Commercial Rooftop Economizer Arrangement
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Purge capability is acsired for emergencics such as smoke exhaust,
but in other, less urgent situations, purge capability can cconomically
support 1AQ by flushing out space contaminants. For example: a weckend
or evening purge with no heating or cooling required in an unoccupied
building or purging after a building rcnovation has been completed to
rapidly remove construction material contaminants.

In addition, an exhaust or return fan allows more control in maintain-
ing proper building pressurization and assures proper economizer opera-
tion. Withouta return orexhaust fan, the cconomizer systemrelies on space
pressurization to “push” the exhaust through the air return system and
economizer exhaust damper. More often than not, this is not possible, and
the cconomizer never operates as intended.

An cexhaust fan offers purge capability, proper building pressuriza-
tion, and proper cconomizer operation. One design option is a special fan
arranged to accomplish both exhaustand/or return for purge and pressure
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control capability. Figure 5 is an allernative using a conventional plug fan.
This design provides the most cfficient, precise economizer operation. In
cconomizer installations where minimal outdoor air is employed, the
double fanaction assures thatenough returnairis exhausted for theamount
of outdoor air intake desired. ¢

Airflow Tracking

The usc of variable air volume (VAV) systems results in fluctuations
of outside air intake similar to that of cconomizers. When demand for
cooling is lower, VAV controllers reduce the flow of supply air so that the
desired space temperature is maintained and less energy is expended in
transporting the air.

However, the reduction of supply airflow results in a proportionate
reduction in outdoor air intake. Because of the many factors involved,

Figure 5
Alternate Commercial Rooftop
~ Economizer/Return-Exhaust Fan Arrangement
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including the usc of air-sidec and water-side economizers as well as building
lcakage, the actual amount of outdoor air supplicd to a space may not be
preciscly calculable. Atlower airflows, a minimum outdoor air intake of 20
cfm per person may be inadvertently compromised.

For cxample, on a design day, a VAV system takes in 20 percent
outdoor air. Building cooling requires a supply flow of 10,000 cfm. With
decreasing outside temperature, building cooling load is lower; thercfore,
the VAV system reduces the supply flow to 5,000 cfm. Outdoor air intake is
now reduced to 10 percent or less, which may not be sufficient to assure the
minimum ventilation rate of 20 cfm per person.

Onc way of tracking outdoor air is to mcasure the CO? levels in
occupied spaces. High CO? levels indicate inadequate ventilation. How-
cver, using COZ21evels to control ventilation rate is difficult at best. A much
more cffective method is to employ a VAV system design which incorpo-
rates airflow measurement devices (sce Figure 6).

Figure 6
Typical Location of Airflow Measuring Stations
In a Conventional Air Handling System
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A measuring station in the outside air intake is first to measurc actual
flow against required flow and to alert an operator when below that limit.

Additionally, measuring stations in the supply and return systems, in
combination with an intake mcasuring station, provide complete data on
building pressurization as well as minimum ventilation airflow. When an
outdoor airflow measuring station cannot be located physically within the
outside air intake, an option is to place a station in the return to the mixing
box, inaddition to the supply and return air stations, so thatouts de air flow
can be calculated.

Constant Volume with Reset Control

The air flow tracking system described above allows for encrgy
savings while maintaining, atalltimes, theminimum amountof outdoorair
for occupant ventilation. This air flow tracking control strategy adds cost
and complexity thatis fine for large systems butis usually compromised in
smaller systems because of the cost impact (sce Figure 7).

Figure 7
Variable Air Volume System
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Coupled with this is the corollary that smaller systems usually do not
have the associated maintenance understanding and staff that one finds in
the larger systems.

An alternative design is a modified constant volume rcheat system
(sce Figure 8). In a constant volume reheat system, the total supply air
quantity is cooled and then distributed to multiple zones that each contain
heating coils. These local heating coils raise the temperature of the supply
air in the specific zone that is being over cooled.

This reheat system fell in disfavor with the advent of the oil embargo
in the 1970s because of its wasteful concept of total cooling and, depending
on the space conditions, total rcheating. However, it remained advanta-
geous for critical temperature and humidity conditions such as industrial
process and medical facilitics.

Since then, improved building insulation and cost cffective advance-
ments in direct digital controls allow for more accurate control of more
constant building temperatures. These two factors significantly reduce the

Figure 8
Constant Volume Reset Heating Coil System
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required rcheat energy. Digital control reset can adjust the supply air
cooling coil discharge to a higher level condition to minimize rcheat
requirements.

Constant volume rcheat systems employed today meet the energy
code (ASHRAE Standard 90.1) by using the concept of resct. Based on the
advantages of constant volumc air supply and assurances of adequate
outdoor air intake, a constant volume rcheat system is a viable alternative
to variable air volume systems, and, with built-in resct, does notadversely
impact operating costs.

Filtering Systems

Because 100 percentoutdoorair ventilationis not cost effective, almost
every HVAC system recirculates a portion of the supply air. Proper air
filtering removes many contaminants, making the return air fit for reusc.

In most arcas today, outdoor air also contains a number of contami-
nants and also requires a level of filtering depending on the surrounding
building environment.

In most cases, air filters should be located after the outdoor air/return
air mixing box and before HVAC cquipment. In thislocation, filters remove
contaminants in the air and also prevent contaminants from accumulating
in the cquipment.

While filters act to reducc air contaminants, they can also be contami-
nant producers. When exposed to cool,dampair, fﬂlcrscanbncomgasource
of microbial growth.

Microbes feed on dirt, which accumulates within the filter over time.
The accumulation of dirt restricts the air path within the filter and actually
increases filter cfficiency. However, the increasing air restriction causes an
increased pressure drop across the filter, resulting in more energy ex-
pended to push air past the filter. Filter replacement schedules are based
commonly on the economic consideration of when the opcrating costs
associated with anincreased pressuredrop approach the costofanew filter.
For cffective indoor air quality control based on reducing the level of dirt
and microbeaccumulationina filter,and notsolely on the system operating
costs, filters should be replaced more frequently.

Filtration downstream of equipment may be required to accommo-
datcultra-low particulatedemandsin hospitals, laboratorics, and manufac-
turing clean rooms. However, filters downstream of coiling coils and fans
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areexposed to cool, moistair. Even the most anti-fungal {iber glass filtersare
at risk of growing bjological contaminants. In this configuration, highly
consistent filter maintenance including cleaning and rcplacemcnt is vital to
maintaining air quality (sce Figure 9).

High Efficiency Particulate Air (HEPA) filters, with particulate re-
moval cfficiencies of 99.97 percent to 99.99 percent, are uscful in removal of
air particulates such as smoke, atmospheric dust, and microbes. However
gascous contaminants such as volatile organic compounds and odors
require adsorption filtration by activated carbon filters or other means.
While advantageous for this purpose, the use of carbon filters is not

Figure 9
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permitted in many municipalities because of their lack of adequate fire
resistance. An emerging technology is the use of ozone in removing VOCs
and other indoor air pollutants.

Duct Silencers

The usc of internal acoustic duct lining to reduce equipment noisc can
be a major contributor to indoor air quality problems.

Ductliningis typically installed in the ductwork near air conditioning
units, variable air volume units, return fans, and in transfer ducts to help
prevent the transmission of noisc. .

The duct lining matcrial, although chemically treated and coated, can
break down over time because of general degradation and turbulent air
flow, as well as damage during initial installation. Lining damage can
introduce particulates into the air. In addition, the lining surface arca,
exposed to damp, cool air, can become a source of microbial growth,

_ especially in the damaged arcas that provide breeding cavitices.

Cleaning of lined ducts is highly unsuccessful. In most cascs, clcaning
with vacuum hoses serves to further disrupt the lining surface. Because the
linings are usually permanently fixed to the duct surface, replacement of
damaged lining requires rcplaccmchc entire duct setion.

An cexcellentalternative to duct lining is the usc of duct sound traps or
ductsilencers. The two basic types of silencersare “packed” and “packless.”

In packed silencers, perforated metal baffles are filled with acoustic
matcerial, which performs sound absorption in addition to sound attenua-
tion performed by the tuning cffect of the perforated baffle structures.

> Packless silencers do not contain fill material. The non-perforated
baffles work on the tuning principle only to attenuate sound. Packless duct
silencers maintain the highest indoor air quality. Because they do not
contain any fiber fill material, there is no chance for particulate generation
or microbial growth in the vulnerable duct sections downstream of cooling
coils and fans.

Humidification Systems

Adcquatc indoor air quality requires thatindoor air humidity be held
betwecenabout 30 percentand 70 percentrelative humidity. Lower or higher
levels promote microbial growth, occupant discomfort, ctc. Standard air
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conditioning inherently results in relative humidities below 70 percent.
However, in cold climates where building heating results in very low
humidity levels, indoor air humidification is required to maintain relative
humidity above 30 percent.

Several types of humidification systems are available, and all have
varying affects on the quality of indoor air (sce Figure 10).

While atomizing systems may be encrgy-cfficient, their use can sig-
nificantly contribute to indoor air quality problems. An atomizing system
injects a fine spray of water into the air stream. The spray generates tiny
water droplets that sometimes do not fully evaporate and can fall on duct
surfaces, promoting microbial growth.

Inan ey_gerporalivc pan-type humidification system, 1.0 water spray is
introduced inlo the air strcam. However, this type of unit includes an
internal water pan over which ventilation air passes. Stagnant water in the
panresultsin mineral and dirt deposits and can promote microbial growth.
These contaminants are then introduced into the ventilation air passing
through the evaporative humidificr.

Stcam humidification systems, which inject moisture into the air
stream in a vapor form, are preferable. The water vapor does not support
microbial growth. -

One type, a central stceam humidification system, makes use of a
building’s boiler stcam. Although encrgy-efficient, boiler stcam may con-
tain oil, gas, and other residuc contaminants. In addition, boiler stcam may
contain chemical treatments that can introduce harmful contaminants into
the humidifying stcam.

An clectric stcam gencrating humidifier best supports high quality
indoor air. The clectric unitboils tap waler to create steam. The steamis then
injected into the air stream. The resulting stcam contains minimal contami-
nants, and the vapor supports no microbial growth.

Although cnergy intensive, the clectric system provides the most
sanitary opcration. An alternative to an clectric stcam generating humidi-
ficr is to supply boiler stcam to a heat exchanger that, in turn, boils off a
scparatc source of pure watcer for humidification.

Room Air Distribution

Room air distribution provides both fresh air renewal and contami-
nant removal in a space. The most effective means of room air distribution




7
22 Energy Engineering Vol. 90, No. 4 1993

isdisplacementdistribution or once-through flow of ventilation air through
aspace(see Figure 11). Forexample, ventilation airentersaroomat the floor
and room air exits at the cciling.

Displacement offers the highest removal rate of room air contami-
nants. Thus, it is often the method of choice for hospitals and clean rooms.

Floor plenums can be used to distribute air to floor outlets for room
supply. In addition, special carpeting is available that permits airflow
through carpeted floor grates.

Whiledisplacementdistribulion offers the highest air quality, itis also
the most costly system to opcrate. The high air-exchange rate demands
more cnergy to condition and to transport the air, and zoning is more
difficult. .

The most common room air distribution system is overhcad mixing.
In this system, ventilation air enters at the ceiling, and room air also exits at
the ceiling.

Overhcad mixing blends ventilation air with room air, continuously
exhaustinga portion of the mixed air. In this way, room air contaminantsare
diluted and cventually removed.

The air-cxchange rate is less for overhcad mixing systems than for
displacement systems. Overhead mixing systems commonly use only
about onc-third the volume of air as displacement systems. This results in
less energy for air transport and conditioning. In addition, overhcad mix
supply air is usually maintained at about 10°F less than the temperature of
displacement system supply air.

Room air distribution systems that often fall short in maintaining
adcquate indoor air quality include induction and fan coil units. Both
designs consist of cooling/heating coils, air filters, and associated coildrain
pans. The drain pans and air filters can promote significant microbial
growth if not frequent’v maintained.
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capacity of the equipment. Some considerations include, for example, that
drain “U”-trap heights be greater than fan static pressures. Blow-through
fan units create positive air pressure at the drain pan outlet and. pan,
drainageis usually nota problem (sce Figure 12). Draw-through eqdipment
traps must be designed with enough height between the equipment drain
pan and floor drain to accommodate the minimum trap dimensions re-
quired to assure proper pan drainage. This may require installing the
equipmentat clevated heights (sce Figure 13). Also, the diameter of a drain
pipe should not be less than the diameter of the drain pan connection.

Figure 12
Blow Through Unit Condensate Trap
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A condcnsate trap should provide an adequate water secal to prevent
air at atmosphcric pressure from entering the trap and impeding drainage
at a lower pressurc.

Properly designed drain pans and condensate traps climinate stag-
nant water, thus climinating microbial growth and its contamination of
indoor air. In addition, proper designs will avoid significant maintenance
and equipment downtime costs.

Planning Ahead

Toachiceve expected airquality performance levels throughout thelife
ofabuilding, an HVAC dusign must be adaptable to abuilding's air quality
nceds. For example, planning ahcad for future building renovations, paint-
ing, furnishing and equipment installations.

Renovation of occupiced buildings poscs a significant threat to indoor
air quality, introducing dust from plaster, fiber glass, ctc., and many types
of VOCs into the air.

Howcvecr, a properly zoned duct distribution design can cffectively
cut off the zone under renovation and protect the rest of the building from
ventilation contaminants (sce Figure 14). In addition, duct zoning com-
bined with purge capability can quickly climinate contaminants, such as
after construction work, interior painting, or a fire.

WHen sclecting furnishings and carpeting, as well as building materi-
als, duct scalants and insulation adhesives, it is important to consider the
level of VOC contamination the products will contribute to indoor air.
Many manufacturers now test and label products with VOC off-gassing
rates. VOC contamination can be subtle. For example, while a carpet
product may claim very low VOC contamination rates, the adhesive with
which the carpet is applied may posc a great VOC problem.

Steps can be taken to lessen the VOC contamination from furnishings.
These include allowing scveral weceks of furniture storage for VOC off-
gassing before the productsarcinstalled. For the first few weeks of building
occupation, daily purges with 100 percent outdoor air can significantly
improve the indoor air quality.

Office and hospital equipment can be a major contributorof VOCsand
particulate contaminants. For example: carbon particulates from copy
machines; ammonia odors from blue print machines; and VOCs from film
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developers. Inaddition, the equipment produces heat that affects the space
cooling load.

A ventilation design should consider the equipment to be installed
within the space and, where possible, include dedicated exhausts that will
directly remove the contaminants.
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The most important HVAC design clement is possibly the control
system that will regulate building tcmpcrahﬁ‘c and humidity. The ability to
maintain acceptable limits of temperature ahd humidity is what is most
noticeable te building occupantsand what may generate the largest number
of complaints.

While many air quality contaminants go unnoticed—cven at harmful
levels—workers quickly notice an uncomfortable room temperature or
humiditylevel. Additionally, humidity levelsoutside the comfortrangecan
causc dryness and irritation in the eyes, nose and throat, increased micro-
bial growth, and static clectricity discharge.

Conclusion

Building owncrs, designers, and occupants need to consider all the
design measurcs that contribute to high indoor air quality.

Building occupants, furnishings, equipment, and ambicent air pollu-
tion all contribute to surmounting indoor air quality concerns. However,
these can beminimized by following HVACdesign guidclines that promote
high indoor air quality whilc maintaining rcasonable energy-cfficiency.

The possible liabilitics and loss of business productivity because of air
quality problems are too great to ignore.
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