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A B S T R A C T

The potential for application of downdraught cooling in the United States of America (U.S.) depends on its
climatic characteristics. However, due to the large geographic span of the country, it varies due to differences in
latitude, and a range of geographic features influencing climate, including altitude, topography and terrain. This
study describes the development of climatic applicability maps of downdraught cooling in the U.S., which can
aid designers in the initial identification of the correct cooling strategy for the geographic area of interest. The
proposed approach is based on a set of maps, which are derived from two related climatic indexes: dry bulb
temperature to wet bulb temperature depression (DBT−WBT), representing the climatic opportunity, and 26 °C
minus wet bulb temperature (26 °C−WBT), representing the climatic opportunity against the theoretical cooling
requirement for each location. The downdraught cooling strategy and degree of applicability is classified in the
map, based on the aforementioned climatic and cooling parameters. Finally, four representative buildings in four
different regions with different climatic conditions were selected for climatic analysis. This resulted in the
identification of some climate zones for downdraught cooling application in the U.S. and the suggestion of
appropriate design strategies for each of them.

1. Introduction

The building sector accounts for a significant part of the global
energy consumption. For decades, space heating and cooling (space
conditioning) accounted for more than half of all the residential energy
consumption [1]. In recent years, further progress has been made in the
identification and implementation of energy demand reduction strate-
gies in buildings. This trend was created by an increased adoption of
more efficient equipment, better insulation, more efficient windows,
and population shifts to warmer climates [2]. This shift in how energy is
consumed in homes has seen that even if per-household energy con-
sumption has steadily declined, more homes are using air-conditioning
than in the past.

According to the U.S. Energy Information Administration (EIA), the
Residential Energy Consumption Survey [3], nearly 9 out of 10 U.S.
homes are air conditioned by central units, individual units, or both. On
the other hand, other solutions, including use of fans, dehumidifiers,
and pool pumps, also increase summer electricity use in homes. In the
U.S., the monthly electricity consumption peaks are in July and August
when temperatures and cooling demand are the highest. The EIA

estimates that 18% of annual household electricity use are for air
conditioning. Three-quarters of all air-conditioned homes use central
equipment, but individual air-conditioning units are more common in
the cold to very cold climate regions in the northern United States and
the marine climate region along the West Coast. In Fig. 1 the use of this
systems is shown by climatic regions.

Various techniques have been implemented to improve the building
energy efficiency. Traditional air-conditioning methods, such as heat
pumps and boilers, are mostly active strategies. However, air con-
ditioning is recognized as a significant factor in global warming and
climate change [5]. On the other hand, there is a growing interest in
utilizing passive and low-energy systems for cooling buildings, both
residential and commercial. Moreover, according to the U.S. Energy
Information Administration (EIA), the Commercial Buildings Energy
Consumption Survey [6], the country has 5557 thousand of Commercial
buildings. Divided in four census regions, where all the building use
heating energy sources, and a high percentage of buildings with cooling
energy sources (Fig. 2).

HVAC are conventional means of creating thermal comfort, how-
ever, they are energy intensive and less ecological. Passive cooling can
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be adopted as a viable alternative, because these technics can remove
heat sensibly if the air is cooler or by evaporating water if it is dry [7].
In the search for alternatives, passive downdraught evaporative cooling
(PDEC) is proving to be both technically and economically viable in
different parts of the world [5]. Following the theoretical and experi-
mental work by Baruch Givoni in Israel, and by Cunningham and
Thompson in Arizona, a number of pioneering buildings adopting this
innovative technique have emerged around the world [8]. In the last
years, the Passive and Hybrid Downdraught Evaporative Cooling (DEC)
is a viable alternative to conventional mechanical cooling in buildings.
These first-generation buildings demonstrate the technical applicability
of Passive and Hybrid DEC as part of a climatically responsive approach
to design and to the provision of comfort [8]. Different simplified si-
mulation models of a PDEC have been developed and compared. The
results could help designers in choosing amid different calculation
models [9].

The downdraught cooling solutions are classified into three types:

(1) The Passive Downdraught Evaporative Cooling (PDEC): when
downdraught is achieved through the evaporation of water within
an air stream. The passive cooling refers to the exploitation of an
ambient heat sink to achieve cooling. The idea is based on the fact
that the latent heat of water evaporation is absorbed from the
passing hot-dry air stream. The process is an adiabatic humidifi-
cation process in which part of the sensible heat of the air stream is
transferred to latent heat. Therefore the sensible heat of the air
stream decreases and its DBT decreases, while on the contrary, its
latent heat increases, and as a result, the air supplied is not only

cooler, but is also more humid. Due to this, it is used as a passive
cooling system or part of a complex cooling system. This system
works as a complete passive cooling, because in general, no active
parts are added (such as pumps or fans). However, when there is no
wind and the downdraught airflow relies solely on buoyancy forces,
this solution is not feasible, and in this case needs to use fans to
enhance the air distribution.

(2) The active downdraught cooling (ADC): when the cooling is
achieved by using chilled water cooling coils or panels, driving air
over evaporative cooling pads directly into the building, which
means the strategy relies on mechanical cooling. This technique is
an alternative to conventional air conditioning that can contribute
to reduce the energy consumption because only the mechanical
system needed for the air-cooling is responsible of this energy
consumption.

(3) Hybrid downdraught cooling (HDC): when it combines both ‘pas-
sive’ and ‘active’ downdraught cooling techniques. This technique is
an alternative to conventional air conditioning that can contribute
to reduce the energy consumption because only needs alternatively,
the mechanical system needed for the air cooling, or the fans re-
quired for the air circulation and distribution.

These techniques have a good potential to provide an alternative to
conventional air conditioning systems offering comparable comfort le-
vels with reduced energy consumption and therefore reduced green-
house gas emissions. Evaporative cooling techniques have been proved
feasible both from economic and technical stand points through nu-
merous studies, nevertheless their efficiency can dramatically be

Fig. 1. (Left) Percentage of homes and HVAC use in climatic regions of the United States, (Right) Percentage of buildings with energy sources use in regions of the
United States (Source: U.S. Energy Information Administration, Residential Energy Consumption Surveys) [4].

Fig. 2. Total electricity consumption in commercial buildings. Energy Information Administration (EIA), the Commercial Buildings Energy Consumption Survey [6].
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