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The task of maintaining thermal 
comfort in large and mid-sized 
buildings is a complex problem. 
Since the advent of the modernist 
movement and the skyscraper, 
hermetically sealed buildings 
conditioned by Heating, Ventilating, 
and Air Conditioning (HVAC) systems 
have been the standard. This paper 
will present on overview of several 
vernacular and passive strategies as 
an alternative to the standard HVAC 
system. The paper will begin with a 
brief description of the performance 
demands of large buildings in Austin, 
Texas. Next the paper will address 
several potential methods for cooling 
and dehumidifying buildings, any 
of which can be used alone or in 
conjunction with other methods, 
including conventional HVAC 
systems. The seven main methods 
presented are: preventing solar 
heat gain, ventilation strategies, 
ground cooling, convection cooling, 
desiccant cooling, evaporative 
cooling, and use of multiple zones. 

It should be noted that none of the 
strategies mentioned in this paper 
are “one size fits all” solutions, they 
should be considered in conjunction 
with each other and the specific 
demands of the building.

Temperature, Humidity and 
Comfort 

The requirements for a building 
to be heated, cooled, humidified, 
or dehumidified, will be largely 
determined by the climate of the 
building site. For a climate like 
Austin, Texas, which is hot and 
humid for most of the year, cooling 
and dehumidification is most 
important to ensure comfort and 
safety for the building’s occupants. 
Comfort, as defined by the American 
Society of Heating, Refrigerating 
and Air-conditioning Engineers 
(ASHRAE) in 2004, is “that condition 
of mind which expresses satisfaction 
with the thermal environment.”1 
Architects and engineers should 

Fig. 01   San Fransisco Federal Building by Morphosis 
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design for all “variables that affect 
thermal comfort ... air temperature, 
mean radiant temperature, relative 
air velocity, water vapor pressure in 
ambient air, [and occupant] activity 
level.”2 Thermal conditions which are 
too extreme, i.e., too hot, too cold, 
too humid or too dry, can lead to a 
number of conditions that can affect 
the safety of a building’s occupants, 
such as hypo- or hyperthermia, 
dry, itchy eyes and skin, or moist 
conditions which can lead to mold, 
mildew and mite or bacteria growth.3 
All of these conditions can be dealt 
with by the methods laid out in this 
paper instead of relying solely on a 
standard HVAC system.

Standards

Today, the standard method to cool 
and dehumidify a building is to use 
a conventional HVAC system with 
centrifugal chillers. According to the 
US Department of Energy (DOE), 
HVAC systems consume 40 - 60 

percent of energy used in large 
buildings.4 This high percentage 
illustrates the impact that innovative 
air conditioning systems can have. 
Architects and engineers have a 
number of tools and technological 
options at their disposal. By using 
new as well as traditional or 
vernacular principles of design, they 
can substantially reduce the energy 
consumption of buildings, while 
improving the comfort and health of 
the occupants.

In the United States, ASHRAE 
provides the standards for the 
performance of HVAC systems, 
as well as guidelines for what 
is accepted as thermal comfort. 
According to ASHRAE’s 
psychrometric charts, thermal 
comfort is defined to be a range of 
temperatures from 65 - 75 degrees 
Fahrenheit, with a relative humidity 
of 40 - 60 percent. (See Figure 1) 
Relative humidity is the amount 
of water vapor in the air divided 

by the amount of water vapor that 
would saturate the air at a given 
temperature. Relative humidity is 
used to define comfort rather than 
absolute humidity because it has a 
greater impact on perceive comfort. 
Lew Harriman notes that: 
Elevated humidity levels reduce 
comfort. At lower levels of humidity, 
thermal sensations are a good 
indicator of overall thermal comfort 
and acceptability. But, at high 
humidity levels ... thermal sensation 
alone is not a reliable predictor of 
thermal comfort.5

In Figure 1 you can see that comfort, 
temperature, and relative humidity 
are all related and the relative 
humidity at one temperature may feel 
comfortable, but not at another.

Heat Sources and Sinks

In large buildings heat is generated 
by many sources. Lights, people, 
and other equipment, such as 
computers, all add heat to the interior 
of the building. The most significant 
source of heat gain comes from the 
sun. Most of the radiation from the 
sun reaches the earth as light and is 
then absorbed by surfaces and re-
radiated as heat. Solar radiation that 
hits opaque surfaces of a building 
heats that surface and can add to the 
interior heat gain of the building if the 
heat is allowed to transfer through 
the material to the inside. However, 
proper insulation and minimal heat 
sinks in the building’s cladding will 
mitigate solar heat gain through the 
building skin.

Solar heat gain is most prominent 
through glazed surfaces because 
of a phenomenon known as the 
greenhouse effect (fig 2). The 
greenhouse effect occurs because 

Fig. 02   Psychometric Chart showing relationship between temperature, relative humitiy and comfort.  
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typical glazing is transparent to 
visible light (short wave radiation) but 
opaque to heat (long wave radiation). 
Sunlight enters a building through 
glass windows as visible light and 
is absorbed by the surfaces within 
the building and re-emitted as heat, 
which cannot escape the building 
through the glazing. Expulsion of 
this heat can be achieved either by 
a mechanical HVAC system, natural 
ventilation, or a combination of the 
two.

The heat gained by external factors, 
i.e., the climate, cannot be changed, 
only designed for, while heat gained 
from internal sources, such as 
lighting and mechanical equipment, 
can often be changed by design to 
lower the cooling load for a large 
building. Furthermore, because 
heat is transferred back and forth 
between the air and the surfaces by 
convection, designers often have the 
choice to cool either the air or the 
surfaces, such as walls, floors and 
ceilings. The choice to cool the air or 
the surfaces will depend on the costs 
and benefits of particular methods, 

so solutions should be tailored to 
each building to optimize efficiency.

In addition to expelling heat, large 
buildings in climates, like Austin, 
Texas, must dehumidify the air 
in order to create comfort for the 
building’s occupants.6 High relative 
humidity can cause people to 
experience temperatures more 
extremely. As mentioned before, 
people can feel hotter or colder in 
highly humid areas than they would 
if the relative humidity were lower. In 
a climate like Austin, for most of the 
year buildings will feel uncomfortable 
if the air is not dehumidified, even 
if the temperature is acceptable. 
Another important reason to 
dehumidify the air is because at high 
temperatures more water vapor is 
required to fully saturate the air than 
at lower temperatures. Thus, when 
hot and humid air is cooled, water 
vapor can no longer be stored in the 
air and is released as condensation. 
Without a system in place to collect 
that moisture, it can cause damage 
to mechanical equipment and the 
building itself, or create health and 
safety hazards to the building’s 
occupants.

Preventing Solar Heat Gain

Window Shading

In an area like Austin, which receives 
a lot of sunlight, shading to windows 
which receive direct sunlight can 
significantly decrease cooling loads 
in a building. Design of window 
orientation and shading should take 
into account the path of the sun, 
and an understanding of the times 
of during the day or year when 
solar gain is desired to naturally 
heat a building. Sun shades can be 
horizontal, louvered, vertical or egg 
crate shaped, depending on the 
orientation of the window to reduce 
direct sunlight and glare. In addition 
to minimizing solar heat gain when 
cooling is required, maximizing the 
use of natural, diffused daylight can 
cut down the quantity of artificial 
lights needed in the space, and 
minimize the heat gain from such 
light fixtures.

Fig. 03   The Greenhouse Effect 

Fig. 04  vertical Sunshading limits heat gain on an all glazed 
face of the San Fransisco Federal Building by Morphosis. 
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Roofing

Installing a light colored roof will 
decrease the amount of heat 
absorbed by reflecting more light 
than a dark roof,7 however, the 
heat reflected off the building by 
a lightly colored roof can increase 
the outside temperature, which 
may actually increase the cooling 
load for the building. Green roofs 
are also good insulators and can 
lower the temperature around the 
building produced when buildings 
absorb heat and radiate it back into 
the atmosphere to increase the 
temperature, also called the heat 
island effect.

Ventilation

Natural Ventilation

Natural ventilation is a vernacular 
strategy that can be used to cool 
the interior spaces of buildings. The 
effectiveness of natural ventilation 
is climate and location dependent 
because the cooling capacity of 
natural ventilation is not very high 
and depends mainly upon the 
temperature of the outside air. 
Therefore, for much of the year in 
Austin, natural ventilation alone 
cannot cope with the internal heat 
gains, especially in dense urban 
areas, where outside temperatures 
are higher than in rural areas 
because of the urban heat island 
effect.8 Even when natural ventilation 
alone is insufficient to create comfort, 
buildings can still be designed to 
use natural ventilation in conjunction 
with mechanical HVAC systems. 
There are several ways to deal with 
the outside, or supply, air. It can 
be taken directly into the building’s 
cooling and dehumidification system, 
or it can be pretreated before 

fully conditioning it to the desired 
temperature and humidity. By pre-
treating supply air, less energy is 
required to fully condition it, thereby 
lowering operating costs and 
improving sustainability. 

Cross Ventilation

A simple and effective form of 
ventilation, cross ventilation, requires 
two openings so that air can flow in 
from one opening and out through 
another. Cross ventilation occurs 
naturally when there is a pressure 
differential between two sides of 
the building, and is most effective 
when the intake opening is smaller 
than the exhaust opening. Pressure 
differentials occur most commonly 
because buildings block wind 
flow, creating positive pressure on 
the windward side, and negative 
pressure on the leeward side. In 
order to maximize the effectiveness 
of cross ventilation, certain design 
criteria must be met such as those 

discussed by Dejan Mumovich and 
Mat Santamouris in A Handbook of 
Sustainable Building Design and 
Engineering. “The most important 
key aspect in natural ventilation 
is the building layout which can 
enhance airflow.”9 This enhanced 
layout is a narrow bar with openings 
along the long sides. Mumovich 
and Santamouris continue that “as 
a rule of thumb, the limiting depth 
for effective ventilation is about five 
times the floor to ceiling height, 
typically up to 15 m.”10 These design 
criteria are limiting for many building 
types and functions that require 
larger floor plans, but other natural 
ventilation options are also available.

Stack Ventilation

If a building is unable to use cross-
ventilation effectively, ventilation can 
be enhanced by utilizing the physical 
principle that cold air, which is more 
dense than hot air, will sink towards 
the ground, pushing hot air up 

Fig. 05 Illustration of the multiple forms of natural ventilation.
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towards the ceiling. This is called the 
stack effect.
[Stack ventilation] may occur via 
purposefully built vertical ducts or 
via an internal atrium or other type 
of vertical spacial continuity within 
the building. Stack ventilation is 
buoyancy driven and relies on 
density differences to draw cooler, 
denser outdoor air into a building 
via low level vents and to exhaust 
warmer, less dense indoor air via 
high level vents.11

The technique eliminates the need 
for a narrow building because 
heat can escape at predetermined 
intervals in the roof and does not 
require external differentials like 
cross-ventilation. By venting hot 
air through a small aperture in the 

ceiling, a pressure differential will 
be created which will increase the 
velocity of the air as it exits the 
building, creating an updraft which 
will further improve airflow.

Displacement Ventilation

Displacement ventilation is another 
form of ventilation which uses the 
principles of air buoyancy, and can 
be used with either natural ventilation 
or a combination of natural and 
mechanical ventilation. If outside air 
is cool and clean enough it can be 
supplied to the spaces as is, in an 
area like Austin, this would only be 
practical in the cooler, less humid 
months such as early spring or late 
autumn. During the summer, when 
the air is hot and humid, air can be 
pre-cooled and mechanically cooled 
and then:
supplied at low velocities and at 
a lower level, usually through a 
raised floor … This air is heated 
only when it comes into contact 
with an internal heat source, rises 
up and is extracted through upper 
levels outlets, usually mounted in the 
ceiling.12

This cooling technique is particularly 
effective because it supplies cold air 
to lower parts of the room, where 
people are working and living and 

allows the higher levels of the 
building where which are people 
free to be hotter, much like the stack 
effect.

Night Ventilation

Night ventilation can be used in an 
area like Austin in the late autumn 
and early spring when night-time 
temperatures are lower than daytime 
comfort temperatures. The purpose 
of night ventilation is to store the 
cooler night time temperatures in a 
thermal mass, a material with a high 
heat capacity whose temperature will 
not change quickly, which will then 
absorb heat from the room during 
the day. The process is described by 
Mumovich and Santamouris:
During the daytime, the exposed 
thermal mass, usually the slab, 
provides radiant cooling by 
absorbing internal heat gains. When 
night time comes, the absorbed heat 
gains are spread out of the building 
by cooling the exposed thermal mass 
using ventilation. The following day, 
the thermal mass is able to absorb 
more heat than it would otherwise. 
Significantly reducing the need for 
mechanical cooling.13

In order for night ventilation to 
work effectively, the building needs 
to be designed specifically with 

Fig. 06   Narrow Floorplan and section to induce cross 
ventilation.  San Fransisco Federal Building by Morphosis.

Fig. 07   Application of stack effect to draw heat out of a large volume space.  Exhibition Hall in Hanover by Herzog and Partner.
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an exposed thermal mass and a 
ventilation scheme that moves 
air over or through the mass. 
Furthermore, in areas with extreme 
highs and extreme lows, the thermal 
mass may become …

Ground Cooling
Supply air can also be pretreated 
by using the thermal properties 
of the ground before entering the 
mechanical system of the building. 
The temperature of the earth only 
a few meters below the surface 
is far less variable than the air 
temperatures at the surface because 
the earth has a high heat capacity. 
One common way to use ground 
cooling is to pump supply air through 
pipes in the ground to lower the 
temperature of the air before it 
enters the building, which will lighten 
the cooling load on the mechanical 
system. (fig. 09) A similar system 
can use water rather than air. In this 
case, water is pumped deep into 
the ground and is then used to cool 

supply air as it enters the building. 
Buildings close to bodies of water 
can use the thermal qualities of the 
those bodies of water in the same 
way by passing that water through 
a heat exchanger.14 Another way 
to pre-treat the air is to send the 
exhaust air and the incoming supply 
air through a heat exchanger to 
pretreat the supply air using the 
exhaust air before the supply air 
enters the mechanical system. This 
way some of the energy that went 
into conditioning the exhaust air can 
be recovered.

Convection Cooling

Chilled Beams and Ceilings

Chilled beams and chilled ceilings 
use similar physical principles 
as ground cooling, but instead of 
supplying cool air at the ground, 
chilled or hot water is run through 
pipes embedded in long “beams” 
at the ceiling, which will then heat 

or cool a space using convection. 
Jane Wiens explains that, “warm 
air rises and is cooled by the chilled 
beam; once it’s cooled, the air falls 
back to the floor, where the cycle 
starts over.”15 This system can be 
used without forcing air through 
the beams, but may not always be 
sufficient to heat or cool the entire 
space.

Chilled Slabs

Similar to chilled beams are chilled 
slabs, where cool air or water is 
injected through a slab that has been 
cooled, often by night cooling, to 
pre-cool the air in order to condition 
the space.16 Air close to the ground 
is cooled by radiating its heat to 
the slab, and rises as it is heated 
by people and equipment. “Radiant 
cooling can supply the same cooling 
capacity as other systems but at 
levels of energy consumption that 
are typically about 75 percent of 
those for air-based systems.”17 The 
same system can be used to heat 
the space by running heated water 
through the slab and radiating heat 
instead of absorbing it.

Desiccant Cooling

Fig. 08   Diagram of airflow over slab for night cooling.  San Fransisco Federal Building by Morphosis.  

Fig. 09   Ground cooling.
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In a climate like Austin, pure natural 
ventilation is often not sufficient in 
and of itself to cool a building without 
lowering the moisture content in the 
air. Therefore, desiccant cooling, 
using a chemical compound to 
absorb moisture from the air, can 
be an effective solution that doesn’t 
use an HVAC system. For desiccant 
cooling:
the introduced air passes through a 
desiccant wheel and [the] moisture 
is removed by [transferring it] to the 
heated extract air. After the desiccant 
wheel, the incoming air is cooled by 
a heat recovery device; this cooling 
load stems from the extract air.18 
(Fig. 10)
Desiccant cooling works very well in 

hot and humid climates but requires 
a large amount of infrastructure in 
order to channel all the supply air 
through the desiccant wheel.

Evaporative Cooling
Perhaps counter-intuitively, 
evaporative cooling, which uses 
water to cool the air, can also work 
in a hot and humid climate. Direct 
evaporative cooling, which cools the 
supply air by spraying water on it 
directly, is not an effective method 
in a climate like Austin where the 
relative humidity in warms months is 
high. However, indirect evaporative 
cooling can be effectively used 
in an area like Austin. An Energy 
Star publication describes indirect 

evaporative cooling thus:
indirect systems cool one air stream 
that in turn cools the supply air 
stream through a heat exchanger. 
Although indirect systems are more 
costly, they avoid increasing the 
humidity of supply air. Evaporative 
cooling can also be used to 
precool air to reduce the load on a 
mechanical refrigeration system.19 

(fig. 10)
By not allowing the humidified air to 
mix with the air supply, the benefits 
of the cooling process can be used 
indirectly. The publication goes on to 
note that:
compared with standard unitary 
air-conditioning equipment, indirect 
evaporative coolers have been 
shown to use 70 percent less 
electricity seasonally.20

Multiple Zones

In large buildings multiple zones 
are often created to better serve 
the heating and cooling needs 
of different parts and uses of the 
buildings. These zones can be 
used to maximize the possibility of 
natural thermal control in buildings 
that as a while would be unsuitable. 
In addition to zoning buildings, 
automated building controls and 
systems can regulate interior and 
exterior temperatures, and adjust 
building components accordingly by 
opening windows, turning off lights, 
rotating louvers, etc. Systems like 
this are often quite complex, but are 
often necessary in large buildings 
where large numbers of users 
cannot be counted on to manually 
alter the system’s components. In 
the case of a large building such as 
a train station, different zones need 
to be created to deal with many 
different uses served. Platforms 
and other exposed area will need 

Fig. 10   Dessicant Cooling Process

Fig. 11   Indirect Evaporative Cooling Process
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distinct cooling strategies from more 
enclosed areas, such as offices, 
ticket counters and commercial 
spaces. In the same way, building 
systems that can react to exterior 
conditions could be very beneficial in 
creating a comfortable semi-exposed 
platform.

Using Multiple Cooling Methods

As well as developing natural 
ventilation and thermal comfort 
strategies, selecting an efficient 
mechanical HVAC system is very 
important. When designing with the 
intent to use natural cooling and 
heating methods, it is important 
that HVAC systems be as flexible 
as possible to meet peak demand 
when necessary, but also serve a 
supporting role when conditions 
are right for natural methods. In hot 
and humid climates that means the 
cooling component, or chiller, needs 
to be able to run efficiently at many 
different output levels, and needs 
to be integrated with other building 
systems so that it only runs when it 
needs to.21

Conclusion
In Austin, Texas, where the 
climate is a hot and humid most 
of the year, large buildings need 
to be dehumidified and cooled to 
ensure the comfort of the building’s 
occupants. In order to use methods 
of temperature and humidity control 
that do not rely solely on HVAC 
systems, it is important to understand 
the physical principles and technical 
methods used in vernacular and 
natural ventilation strategies. An 
understanding of physical principles, 
such as heat transfers and flows, 
pressure differentials, etc., enables 
designers to make smart decisions 
about building systems. The 

methods described in this paper; 
sun shading, natural ventilation 
techniques, ground cooling, chilled 
beams or walls, desiccant cooling 
and evaporative cooling all have 
their times and places when best 
used. Some of them can and should 
be used simultaneously. Striking a 
balance between mechanical and 
natural systems is critical when 
designing with both sustainability 
and user comfort in mind, and it 
is often site and building specific. 
Hopefully, with this overview of a 
number of the possible ways to 
condition a large building, this paper 
will help designers more effectively 
understand what their options are 
when creating a sustainable and 
comfortable building. 
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