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The Myth of Energy Conservation and IAQ

A popular myth holds that building energy conserva-
tion measures, implemented since the oil crises of the
1970s, cause indoor air pollution problems. This myth
ignores the fact that most indoor air pollutant sources
have little or nothing to do with energy conservation. Air
studied inside buildings before 1973 was found to be
more polluted than outdoor air even during severe air
pollution events (Yocum, 1971). In fact, only two types
of conservation measures directly increase indoor air
pollutant concentrations: inappropriately reducing venti-

" lation and using sealants and caulks that emit pollutants.

The myth ignores the fundamental responsibility (and
ability) of architects, engineers, and building operators to
create indoor environments that are both extremely hab-
itable and environmentally responsible. Architects and
other building design professionals must provide safe,
healthy, and comfortable environments; minimize dam-
age to the environment; and, conserve energy and other
resources. Achieving good IAQ is as essential as provid-
ing comfortable, healthy thermal conditions and
functional, aesthetically sound lighting and acoustical
environments.

Reducing ventilation to conserve energy certainly in-
creases concentrations of pollutants emitted from indoor
sources. Adequate ventilation is essential to achieving
and maintaining good IAQ. But there are many factors
that determine IAQ and their interdependence is strong.
And although ventilation is an important way to limit
pollutant concentrations, limiting pollutant sources is
more effective. Pollutants from indoor sources that can-
not be eliminated should be minimized by careful
planning, design, specification, and construction. The
preventive approach costs very little; and, it saves energy.

How Ventilation Affects IAQ

Changes in ventilation rates generally affect IAQ only
indirectly — it’s the relationship between ventilation and
pollutant sources that directly impacts IAQ. With the
advent of larger buildings and variable air volume (VAV)
systems, the role of ventilation has been shifted more
towards thermal control and away from IAQ concems. A
discussion of these issues follows.

Ventilation Rates and IAQ

Reductions in outdoor air ventilation rates are com-
monly blamed for JAQ problems. However, consider the
following three factors. First, there would be no indoor
air contamination if there were no pollutant sources. The
sources have changed in number and kind during the past
forty-five years or so; abundant, harmful pollutant
sources have resulted from new building materials, fur-
nishings, equipment, and consumer products discussed
later in this article.

Second, thermal control has become the dominant
driving force in HVAC system design; the need to main-
tain good IAQ by adequate outdoor air exchange has
become incidental. This shift began — long before the oil
crises of the 70s — with the advent of VAV systems in the
1950s. The shift towards thermal control became more
important as buildings became larger with more space
remote from the envelope and concomitant lost access to
daylight and ventilation through windows. In fact, venti-
lation rates sufficient to maintain good IAQ require very
modest amounts of total building energy.

Finally, in the majority of buildings with IAQ prob-
lems, ventilation systems do not function as designed.
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Many of these failures result from problems in operation
and maintenance. As many as 75% stem from design and
construction flaws because designers simply did not place
enough emphasis on IAQ. Table 1 shows the percentage
of various deficiencies found in buildings with IAQ prob-
lems.

Ventilation and Indoor Air Pollutant
Concentrations

Ventilation dilutes and removes indoor air pollutants.
The amount of ventilation required depends on pollutant
source strengths. The relationship is non-linear, best de-
scribed by an asymptotic curve; a plot of the air
concentration as a function of air exchange rate (a meas-
ure of building or space ventilation) is a smooth curve that
approaches but never reaches either axis. Figure 1 shows

Problem Frequency
| Category Physical Cause (%)
Design System problems
Inadequate outdoor air 75
Inadequate air distribution to 75
occupied spaces (supply and return
devices)
Equipment problems
Inadequate filtration of supply air 65
i Inadequate drain lines and 60
drain pans
Contaminated ductwork or 45
duct linings
Malfunctioning humidifiers 20
Operations Inappropriate control strategies 90
Inadequate maintenance 75
Thermal and contaminant 60
load changes

Table 1 - Frequencies of occurrence of physical causes
of problem buildings. (Source: Woods, 1989)

the relationship between IAQ and air exchange rates
based on contaminants from sources inside a building.

The relationship between pollutant concentrations,
source strength, and air exchange rate illustrates how air
quality depends on ventilation. It also shows the impor-
tance of sources. The stronger the source, the more
ventilation is required to maintain the same concentra-
tion. The point at which the curve changes from a vertical
to a horizontal slope is known as the “knee” of the curve.
For most buildings the knee of the curve falls within the
range of ventilation rates found in the buildings.

The average air exchange rate in a series of office
buildings studied by the former National Bureau of Stand-
ards (now the National Institute of Standards and
Technology - NIST) was about 0.8 air changes per hour
(ach). (Persily, 1989) An open office environment with
140 square feet/person, 20 cubic feet of outside air per
minute/person, and an effective ceiling height of 10 feet
maintains about 0.85 air changes per hour.

The point at which changes in ventilation rates dra-
matically affect pollutant concentrations from indoor
sources is likely to be between 0.5 and 1.0 ach. Most
buildings operate within this range during much of the
time they are occupied. Therefore, changes in the venti-
lation rate can have dramatic impacts on actual pollutant
concentrations. This is illustrated in Figure 1.

Ventilation from mechanical systems depends on the
outside air fraction at the air handler, the flow to the
distribution point (local diffuser), and the location and
number of distribution points in relation to the area and
volume of the space and the “design” number of occu-
pants. Table 2 shows that these relationships can produce
a very wide range of values.
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Figure 1 - Pollutant concentration as a function of ventilation at various source strengths.
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Distribution air flow rate

OSA 0.5 cfm/sf 0.5 cfm/sf  0.5cfm/sf 1.0 cfm/sf 1.0 cfm/sf 1.0 cfm/sf |
Fraction Clear ceiling height
% 8FTCLG 10FTCLG 12FTCLG 8FTCLG 10FTCLG 12FTCLG |
10 0.05 0.03 0.02 0.09 0.06 0.04
20 0.09 0.06 0.04 0.19 0.12 0.08
30 0.14 0.09 0.06 0.28 0.18 0.13
40 0.19 0.12 0.08 0.38 0.24 0.17
50 0.23 0.15 0.10 0.47 0.30 0.21
60 0.28 0.18 0.13 0.56 0.36 0.25
70 0.33 0.21 0.15 0.66 0.42 0.29
80 0.38 0.24 0.17 0.75 0.48 0.33
90 0.42 0.27 0.19 0.84 0.54 0.38
100 0.47 0.30 0.21 0.94 0.60 0.42

Table 2 - Outside air exchange rate for three ceiling heights and two air distribution rates
according to OSA% at air handler.

Table 2 shows ventilation rates in air changes per hour
for various outside and distribution air flow rates and
ceiling heights. Typical outside air fractions range from
around 10% up to 100% for buildings with air economiz-
ers. However, some buildings, most often very large ones,
are limited to a maximum outside air fraction of around
10 to 20% of total flow. (See the Letter from Karl
Guttmann on page 13.) Note that ASHRAE's ventilation
standard calls for a minimum of 15 c¢fm/p in all occupied
spaces with 20 cfm/p as the lowest value for most occu-

pancy types.

Thermal Control vs. Air Quality

Historically, ventilation requirements were set to
maintain air quality. In the 19th Century, before people
began to bathe frequently and use personal deodorants,
rates were specified to keep human body odor at accept-
able levels. Traditionally, architects and engineers
designed mechanical or natural building ventilation on
the basis of established outside air requirements for as-
sumed occupant loads and activities in the building
program. Starting in the 1950s, thermal control objectives
came to drive system design; ventilation requirements
became minor components. The acceptance of VAV dis-
tribution systems, with its stronger emphasis on thermal
control, resulted in outside air supply deficiencies.

However, VAV systems are not the only causes of these
deficiencies. Fewer buildings use independent heating
and ventilation systems. And, large-building thermal
loads are dominated by cooling requirements because of
the large ratio between the enclosed volume and the
building envelope surface area. There is considerable
internal heat gain from lights, occupants, and equipment.
Most thermal loads are cooling loads except in small
buildings and at the perimeters of larger buildings.

This size factor and building bulk are what have really
driven the shift in ventilation design emphasis towards
satisfying thermal requirements. This shift has led to the
notion that “ energy conservation causes indoor air pollu-
tion.” At most, reduced air exchange to conserve energy
exacerbates JAQ problems, but the causes are not the
direct result of energy conservation (with some notewor-
thy exceptions discussed later). The problems are starting
to be addressed now. ASHRAE has increased its recom-
mended minimum ventilation air requirements and the
new standards are being adopted into model codes and
state building regulations.

Designing for Good 1AQ

Architects and engineers can promote good IAQ at the
design stage by taking into account expected loads and
likely pollutant sources and by establishing effective
source control strategies. In the following section, we
discuss these topics as well as the energy costs of chang-
ing ventilation rates.

Determining Loads

Maintaining a healthy, safe, and productive environ-
ment requires that ventilation be sufficient to maintain air
quality. As we have shown in Figure 1, the amount of
ventilation required depends on the pollutant source
strengths (from equipment, building materials, and con-
sumer products), the types of activities within the
building, and the occupant density. Since these factors can
all vary independently, it is difficult to provide univer-
sally applicable ventilation rates. Using the ASHRAE
standard’s recommended minimum ventilation values as-
sumes no “unusual sources” of indoor pollutants. The
burden is on designers to determine the nature of any
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pollutant sources and whether they require more than the
recommended minimums.

It’s worth pointing out that the recommended mini-
mums are not intended to provide a high quality
environment. They are simply intended to avoid problems
in most situations and to result in air quality that will be
deemed “acceptable” to no less than 80% of a building’s
occupants. Most building owners would want air quality
that would be acceptable to more than 80% of the occu-
pants.

In designing buildings’ structural systems, perform-
ance requirements are analyzed based on assumed and
calculated design loads. The designer then selects struc-
tural systems and components that satisfy those
requirements. Lighting design is also “load-based;” it
depends on illumination requirements of the activities for
which a space is planned. Acoustic control is also de-
signed to support expected occupant activities.

Determining target levels of pollutants is, unfortu-
nately, not an exact science. We know too little about the
actual health and comfort effects of most pollutants to be
able to set target or “safe” levels with confidence. This
is especially true because the effects of most of the
individual chemicals found indoors are poorly under-
stood. In indoor air they are typically present in complex
mixtures of hundreds of chemicals. it is possible that they
act in a way that is independent, additive, synergistic,
antagonistic, or even prophylactic.

Ventilation Rates and Energy Costs

ASHRAE promulgates the recommended minimum
ventilation rates in its Standard 62-1989, “ Ventilation for
Acceptable Indoor Air Quality.” Some critics claim this
standard imposes a large burden due to the increased costs
involved in the revision upwards from the 1981 ASHRAE
recommended ventilation levels to the 1989 levels. In
offices and some other environments where no smoking
was permitted, minimum recommended ventilation rates
were 5 cubic feet per minute per person (cfm/p) in the
1981 version. Where smoking was permitted the recom-
mended minimum was 20 cfm/p. The 1989 version
eliminated the distinction between smoking and non-
smoking environments and changed the minimum
ventilation rate to 15 cfm/p.

Researchers at the University of California’s
Lawrence Berkeley Laboratory showed that the increased
annual energy costs associated with increasing minimum
ventilation from 5 to 20 c¢fm/p in offices is only about 5
percent of the total annual energy cost of operating a
typical office building, even in the most severe climates.
(Eto and Meyer, 1988)

Researchers at the Bonneville Power Administration
have studied the increased costs in diverse climate zones
of the Pacific Northwest and have determined that the
increases are not larger than 15% except for three build-
ing types — schools, hotels, and large retail. In fact, only
in these building types do the increased costs involved in
meeting the revised standard exceed an additional 11% in
operating energy. Because of the high occupant densities
in schools, the per occupant ventilation rates result in
larger but still not major increases in overall energy costs
(Steele and Brown, 1990). And the ventilation rates for
retail spaces are based on outside air supply per square
foot regardless of occupant density. The results of their
investigation are summarized in Table 3.

Source Control

- Ultimately, we must control sources as best we can and
use ventilation to limit pollutant concentrations to accept-
able levels. The following discussion of indoor air
pollution sources presents an overview of the subject and
argues for the importance of pollutant source control.

Sources of Indoor Air Pollutants

There are many sources of pollutants in buildings and
they vary considerably from building to building. For that
reason, addressing these sources effectively must be part
of the design process. To simply use general guidance for
ventilation as a means of controlling pollutants is to
choose the default solution; it does not represent the best
effort of a good designer.

It is important to understand the relative contributions
of various sources and to address the strongest ones. We
must go after the ones with the most surface area, the most
mass, and the emissions that we know or believe to be
most irritating or toxic. Figures 2 and 3 show the amounts

Building Type Seattle Richland
Grocery 32 35
Hospital 0.9 14

Hotel 31.9 33.6
Small Office 10.3 10.5
Large Office 0.0 04
Restaurant 10.4 10.7
Small Retail 11.8 109
Large Retail 16.5 15.4
School 423 40.8
Warehouse 1.1 1.1

Note: Percent energy increases are averages between new and existing
building configurations and are based on the difference between annual
energy consumption at Standard 62-1989 of 20 cfm/person and the an-
nual energy consumption at 5 cfm/person.

Table 3 - Average energy increase due to increasing
outside air supply values from ASHRAE Standard
62-1981 to ASHRAE Standard 62-1989.
(Percent of total energy)

Indoor Air BULLETIN

Vol. 2, No. 8




HH

Library
Office
=
School
Apartment

Figure 2 - Common

building materials

area/voltémea ratios.
(m“/m~)
1 T T 1 1T 1TTTHY i LU L T 1 TT1TT1T777 1 B ERREL
0.001 1
1 =
Vin Tile Adh G Library
SO
Office
invl Tile & o ]
Vinyl Tile i School
| E— Apartment

Carp Adh

Figure 3 - Common

Carpet

building materials
mass/volume ratios.
(kg/m")

Gyp Board p

l-.---I-I-— I O T
E L AT L A T T

AL LA AL

T T VT T P Virem

0.0001  0.001 0.01

of dominant materials present in four different buildings.
That type of analysis shows how different buildings are
from each other and how widely the amounts of the major
materials varies.

Figure 2 shows some of the sources and their relative
surface areas compared with the building volume for a
school, an office, an apartment house, and a public library.
Figure 3 shows the mass of these materials relative to the
building volume. Note that both figures show the amount
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present as a ratio to the volume on a logarithmic scale;
the differences are really quite significant.

Emissions from new building materials are far greater
than from aged materials. However, maintenance, refin-
ishing, and replacement activities result in significant
increases in pollutant emissions. Therefore, the durability
of a material impacts IAQ significantly. It is important to
note that “wet” products such as paints, adhesives,
caulks, cleaners, waxes, and polishes emit very large
fractions of their mass into the building air, and usually
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soon after application. However, even after these prod-
ucts are dry functionally, they continue to emit very
slowly for a very long time.

~ Modern Building Materials In the past forty years,
building materials have changed in ways that make them
stronger sources of indoor air pollutants than “tradi-
tional” materials. For example, composite wood products
have replaced solid wood materials, bringing binders,
adhesives, and other chemical additives indoors. The
most well-known and perhaps most widely-used exam-
ples are particleboard, plywood, and other composite
wood products based on urea-formaldehyde resins. For-
tunately, these resins are being replaced by more stable
phenol-formaldehyde resins, and some manufacturers are
developing and even marketing products that use no
formaldehyde-based resins at all.

New, low-emitting adhesives are now available for

installing flooring products. Paints that use far less or-
ganic solvent are also becoming more common.
However, replacing a strong emitter with a non-durable,
low-emitting product may result in more maintenance
and replacement. This can mean more frequent, short-
term emissions. Durability can therefore be a very
important determinant of IAQ. Table 4 shows some of the
major changes in building materials and furnishings.

Architects’ and Designers’ Roles

Architects and designers can substantially reduce in-
door air pollution by proactively minimizing undesirable
sources. There are studies that have evaluated the human
health and comfort effects of measured mixtures, either
in the laboratory or in real buildings, and have established
target levels.

They can limit chemicals with known toxic effects to
levels that will not cause adverse reactions. For example,
the California Air Resources Board recommends that
formaldehyde levels not exceed 50 parts per billion (ppb).
Since it’s known that most particleboard, plywood, hard-
board, fiberglass insulation batts and boards, some

Emissions from

Old (traditional) modern
material or Modern material materials and
product or product products
Masonry or wood Resilient floor Plasticizers, solvents,
flooring covering, carpet waxes

Solvents, drying
agents, asbestos,
plasticizers, textile
finishes, insulation
binders

Textile finishes,
adhesives, solvents,
insulation binders

Plaster walls and
ceilings

Painted gypsum board,
ceiling tiles, fabric-
covered panels

Office workstation
panels

Full-height plaster
walls

Table 4 - Representative changes in modern building
materials.

textiles, and many other building products emit formal-
dehyde, architects and designers must try to limit their
quantities, select lower-emitting products, or choose sub-
stitute materials. They can calculate emissions from these
products based on test data. Knowing ventilation rates,
they can estimate formaldehyde indoor air concentrations
and change specifications if necessary.

This approach, although it seems rather unscientific
and not very specific, is, in fact, similar to the way we
design illumination and acoustic and thermal control.

_This brings us back to our title topic. We don’t say that

energy efficiency causes poor lighting or visibility prob-
lems in buildings — we determine what lighting levels are
necessary to perform the tasks for which the building is
designed and built, then we attempt to achieve those
levels in an energy-efficient manner. We must recognize
the need to apply the same approach to IAQ.

Conclusions

In the end, the most effective strategy for good, energy-
efficient IAQ is to control sources as much as feasible and
then use ventilation as required to limit pollutant concentra-
tions to reasonable levels. We reduce energy required for
ventilation systems by minimizing the sources of indoor air
pollutants in our designs. Sources can be controlled by
eliminating polluting products, substituting less polluting
products, encapsulating pollutant sources or by isolating
and directly venting emissions. By requiring manufacturers
to test emissions from their products and provide designers
with reported results, we can choose the least polluting
sources and the products with the lowest overall emissions.
‘We can choose products that do not emit odorous or irritating
compounds and avoid products with significant emissions
of carcinogens, teratogens, and other unacceptable proper-
ties. To do less is to abdicate our responsibilities to our
clients and to the building users.
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