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CHAPTER 1. HUMAN THERMAL COMFORT AND ENVIRONMENTAL INDICES

I. INTRODUCTION

Energy and Architecture have been related to improve the quality o f life in every 

environment. The focus o f this research is concentrated on developing a method based on the 

relationship between architectural form-function and energy use, to achieve thermal comfort, 

through natural energy systems (passive systems). The method will be applied for rural and 

urban houses in hot-humid and cold Colombian tropical climates. This report gives general 

recommendations for future energy-conscious design in tropical climates.

The natural energy is obtained from the sun, wind, water and vegetation, to provide 

humans thermal comfort within the building interior. The first chapter analyzes the 

relationship between man and climate and his environment. Then, the chapter takes into 

account, the different thermal indices that affect the state o f human comfort, how to improve 

this state and concludes with the bioclimatic chart. The chart, shows the zone o f thermal 

comfort as it relates to temperature and relative humidity, for United States temperate 

climate, and tropical countries. The chart, also provides a bioclimatic evaluation o f  outdoor 

comfort for determined places, (based on climatology data), and the report describes the 

distinct design strategies that can be applied to a building using passive solar systems. 

Strategies such as Natural ventilation and passive solar heating will be described in relation 

to hot-humid and cold tropical climates respectively.
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II. CLIMATIC DESIGN

The content o f this report, focus on the different ways in architecture to achieve 
human thermal comfort. The purpose o f climatic design, energy conscious design, and 
passive solar design, is to minimize the energy cost o f maintaining thermal comfort 
conditions within the building interior. To maintain thermal comfort a heat balance must exit 
between the body and its surroundings. It is necessary to analyze the features of a building 
design to achieve this thermal comfort balance.

In a climate responsive design process, architects and engineers should direct "their 
efforts to understand how a building can be comfortable in a determined climate. Design 
tools such as graphics and comfort charts serve to evaluate the different climatic regions.

A. THE EFFECTS OF CLIMATE ON MAN.

Man is the main indicator and central measure in architecture. Man's health and 
energy depend on the direct effects o f his environment. The climatic effects can influence 
man in many negative ways such as stress, pain, disease and death, or positive ways, such as 
health, productivity, and mental and physical energy. For that reason some climatic changes 
can cause alterations in man's health and energy. In addition, man developed the use o f  
clothing, fire and shelter to adjust local climatic conditions.

In the case o f  tropical climates, where the air temperature, humidity and vapor 
pressure are high, it can generally cause heat stress, cardiovascular diseases as well as skin 
carcinoma because UVA and B radiation intensity is high. Therefore this report will study 
several methods that can help to improve comfort conditions in buildings, inside and 
surroundings, without the use o f expensive, energy consuming mechanical equipment.

B. SHELTER AND ENVIRONMENT

One architecture goal is to design a shelter for a human being that protects him from 
changes o f the environment and other hazards. Shelter is the main instrument for fulfilling 
the requirements o f comfort. It can yield different ambiences, can modify the natural 
environment and if  designed properly can produce better living conditions by maintaining 
thermal balance.

The elements o f climatic environment that affect human comfort are: air temperature, 
humidity, solar radiation and air movement. These climatic elements maintain thermal 
stability. Also, the human body exchanges heat with its surroundings through four processes: 
radiation, conduction, convection and evaporation. These processes are related to the vital 
processes o f the body that are accompanied by considerable energy exchange. This energy 
must be accounted for while developing thermal comfort building design.
1. Thermal Balance of the Body

The body temperature depends on the balance o f heat production and heat loss. The 
body maintains a deep body or core temperature between 96.8 and 100.4°F (36-38°C), in the 
course o f 24 hours, being highest at about 6:00 P.M. and lowest at about 4 A.M. (Sloan,
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1979). In addition, the skin surface or shell temperature, is lower at about 91.4°F (33°C) over 
the trunk and at the fingers about 50°F (10°C), lower than that at the shoulder. On the other 
hand, humans get heat from metabolism process, solar radiation, and conduction. The body's 
Cooling is accomplished by the exhalation o f warm breath, the vaporization of water from 
lungs and breathing, and the convection and radiation o f heat from the skin surface (fig 1-1). 
The skin surface temperature is about 92°F (27°C) for comfort (AIA, 1981).

±2
Conduction

Figure 1-1 Thermal balance o f the body.

C. THERMAL COMFORT

The thermal comfort is the balance between the temperature inside the human body 
and the climate conditions o f the environment. For instance, metabolic processes produce 
heat within the body that must be lost in order to maintain a stable internal temperature. The 
body temperature o f 98.6°F (37°C) is generated through the continuous processes and



activities such as breathing, digestion, circulation of blood, brain activity, also, metabolic and 
muscular activity.

When the environment or one of its physical elements such as: light, sound, and 
climate, act directly on human body, it reacts. There are physical and psychological reactions 
which reach biological equilibrium. Environmental conditions where man uses minimum 
energy to adjust himself to his environment is called "A comfort zone".
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III. THERMAL INDICES

Thermal indices are used to evaluate human requirements for comfort and the 
combined effect of environmental factors on the physiological and sensory responses of the 
body and to express any combination of them.

There are three classes of environmental indices: direct, rationally derived and 
empirical (ASHRAE fundamentals, 1985).

1. Direct Indices:

-DRY-BULB TEMPERATURE (tdb):
This index is a measure of sensible heat of the air temperature read on a standard 

thermometer.
-DEWPOINT TEMPERATURE (tdp):

It is the temperature at which moisture of the air begins to condense.
-WET-BULB TEMPERATURE (twb):

This is the temperature of a freely evaporating moist surface. Also this index is the 
temperature indicated when a thermometer hose bulb is covered by a wet wick and exposed 
to a stream of air movement of 5.00-2,000 fpm. According to ASHRAE, 1985, "wet-bulb 
temperature measures severe heat stress, especially when the human body is near its upper 
limits of temperature regulation by sweating".
-RELATIVE HUMIDITY (rh):

It is the ratio of vapor pressure in an air-water mixture to saturation vapor pressure. 
Having two of these four factors, the other two can be determined by the 

Psychrometric chart.
-AIR MOVEMENT: It influences body heat balance and, hence thermal comfort because air
movement increases evaporative cooling from the skin as well as removing heat from the 
body by conduction-convection depending of air temperature.

2. Rationally Derived Indices:

-MEAN RADIANT TEMPERA TURE (tr or MRT):
It is the uniform surface temperature of an imaginary black enclosure with which man 

exchanges the same heat by radiation as in the actual environment.
-HEA T STRESS INDEX (HSI):



This index measures the ratio o f the total evaporative heat loss required for thermal 
equilibrium to actual heat loss to the environment. Also, this Heat Stress Index is known as 
wet-bulb globe temperature (WBGT). This index was base on several physiological 
assumptions such as: Constant skin temperature 95°F (35°C) was maintained when the body 
was subjected to heat stress; The maximum sweating capacity of an average person over an 
8-hour period was approximately one liter per hour, calculated to give a cooling value of 

. 2400 Btu/h (600 kcal/h).
The Heat Stress Index could be obtained for different conditions of air and radiant 

temperature, wind speed, humidity and metabolic level. The numerical values lie between 0 
and 200. The value of zero represents the absence of heat stress and 100 the upper limit for 
thermal equilibrium. The region of the body heating is between 100 and 200.

The range of conditions covered by the index was: Dry-bulb temperature from 70 to 
140°F (21-49°C); Vapor pressure from 3 to 42 mm Hg; air velocity from 50 to 2000 fpm 
(0.25- 10.0 m/sec); and Metabolic rate from 1.1 to 5.5 Met (400-2000 Btu/h or 100-150 
kcal/h). As results, for a Heat Stress Index of 150 the range of sweat rates measured under 
work conditions was between 400 to 1180g/h, while under rest conditions was between 200 
to 800 g/h. That means, that the effect attributed by the Heat Stress Index to metabolic rate 
was lower than that observed in the sweat rate.

According to the wind speed, the sweat rate was lower in still air (19-68 fpm or 10-35 
cm/sec) but in light wind (68-246 fpm or 35-125 cm/sec) the measurements were higher. On 
the other hand, the sweat rate measured at high humidity was lower than at low humidity for 
given air speed and Heat Stress Index values.
-INDEX OF THERMAL STRESS (I. T.S.):

According to Givoni (1969), the I.T.S. is based on the assumption that to maintain 
thermal equilibrium, sweat is secreted at a sufficient rate to achieve the evaporative cooling 
required to balance the metabolic heat production and the heat exchange with the 
environment.

The range of factors covered by the I.T.S. was: Air temperature from 68 to 122°F (20- 
50°C); Vapor pressure from 5 to 40 mm Hg; Air velocity from 19.7 to 689 fpm (0.10 to 3.5 
m/sec); solar radiation 600 kcal/h; Metabolic rate from 1.1 to 6.6 Met (100-600 kcal/h). For 
instance, for a subject of surface area 1.8 m2 a sweat rate of 800 g/h is equivalent to a 296 
w/m2. The line for I.T.S. 800 corresponds closely for 300 w/m2 or 5.16 Met.

There are more Rationally Derived indices, such as: Index of Skin wettedness, 
Operative Temperature, and Humid Operative temperature, for further information, consult 
the ASHRAE handbook of fundamentals 1985.

According to Givoni, (1969), “the expected sweat rate seems to be a suitable basis for 
the assessment of stress imposed by a given environment or combination of work and heat 
load, for the whole range between the comfort zone and the limit of thermal equilibrium.

The mentioned Rationally Derived indices play a very important place for thermal 
comfort in tropical climates, where there are high values of air temperature and humidity and 
also high sweat secretion.
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3. Empirical Indices:
6

-THE EFFECTIVE TEMPERA TURE INDEX (E. T):
The effective temperature index indicates the heat stress values. This means, that it 

represents the environmental conditions under which people felt comfortable or not. The 
effective temperature index combines the effect of dry bulb-wet bulb temperature and air 
movement to produce equal sensations of warm or cold.

This index was developed by Houghten and Yaglou in 1923 for ASHRAE, and it is 
the temperature of the air at 100% relative humidity which gives the thermal sensation as a 
given combination of air temperature, humidity, air movement, and mean radiant temperature 
(Evans, 1980). The effective temperature index overestimates the effect of humidity, both at 
cool and warm temperatures. This index was conducted with still air moving at a rate of 0.14 
m/s (15-25 ft/m) and sedentary people (1 Met rate), wearing 1 d o  insulation.

Met values are rates of the body's ability to produce heat. For instance, one met is 
equal to 50 kcal/m2(hr). A Clo is a value of the effect of clothing that provide insulation to 
the human body. Some Clo values are: a 0.5 - 0.7 clo, for Light office clothing and a 1.0 clo, 
for heavy slacks, light sweater, blouse and jacket for women and for heavy trousers, sweater, 
shirt and jacket for men.

In addition, the total of the human body heat production depends on body surface 
area. The body surface area for an average size man is 1.8 m2(19.4 ft2). The measurements 
used for average size human are: 173 cm tall and 70 kg weight (5'8" and 145 lb). Also the 
state of nutrition and health is an important factor in the sensation of comfort. For instance, 
fat and thin people have different levels at which they are comfortable. For another thing, a 
heavy worker with a high metabolism prefers a different climate from a sedentary person. 
Also, climate influences people’s appetites such as it decreases in hot climates and increases 
in cold climates.

Therefore, the Food and Agriculture Organization of the United Nations recommends 
"an addition of 3% of the normal energy diet value for every 50°F (10°C) below a base air 
temperature of 50°F (10°C), and decrease the amount of food by 5% for every 50°F (10°C) 
above this base (Sloan, 1980). The former recommendation, should be followed by people 
who are continuously changing cities and environments, thus, they can achieve thermal 
comfort rapidly. The heat production rates (Met) of human energy consumption for different 
activities is shown in table 1-1.

-THE CORRECTED EFFECTIVE TEMPERATURE INDEX (CET):
This index is based on the Effective Temperature index ET, but in this case the air 

temperature is at 50% relative humidity, instead of 100%.
There is an Effective Temperature index nomogram in which a quick assessment of 

the effective temperature acting on the skin is gotten through the dry-bulb temperature, wet- 
bulb temperature and air velocity. The nomogram has two parallel scales. The left-hand, 
scales is used for the dry-bulb temperature and the right-hand one for the wet-bulb 
temperature. Between the scales lies a grid of curves, for the air velocity. The grid is crossed 
by other curves lines marked with the values of the effective temperature index (fig 1-2).



TABLE 1-1 Human energy consumption- production rates
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ACTIVITY
FNFT[TtV R ATF FOP AVFP ATtF ST7F M A N

MET Units KCAL/HR BTU/HR WATTS

Sleeping 0.7 64 253 74
Reclining 0.8 73 289 85
Sitting, sedentary 1.0 91 361 106
Drafting or standing, relaxed 1.2 109 433 127
Typing or Eating 1.3 118 469 138
Cooking 1.8 164 650 190
House cleaning 2.8 255 1011 296
Walking, 2 mph 2.0 182 722 212

3 mph 2.6 237 939 276
4 mph 3.8 346 1372 403

Sawing by hand 4.4 400 1588 466

Source: Donald Watson, "Climatic design", 1983.

-THE EQUATORIAL COMFORT INDEX (ECI):
This index was developed by C. G. Webb (1960) and it is applicable to equatorial 

climatic conditions of low latitudes. The ECI was based on 393 sets o f observations made in 
Singapore, latitude 1°20’ north. The observes’ age ranged from 23 to 52, mean age 36.8; 
their height from 5 ft.3 in. to 6 ft., mean height 5 ft. 8 in.; their weights from 112 to 184 lb., 
mean weight 150.4 lb.; and their surfaces areas from 16.3 to 21.1 ft2, mean surface area 19.6 
ft2. The observers worn typical day dress of cotton and consisted of a short-sleeved shirt, 
trousers, underpants and shoes with socks, doing sedentary work. (C. G. Webb, 1952). A 
roughly value of 0.4 d o  for clothing and 1.0 Met value for metabolic rate.

There is a Equatorial Comfort Index nomogram similar to the ET nomogram but, the 
grid is crossed by vertical lines marked with the Equatorial Comfort Index (fig. 1-3). To use 
the nomogram the values of the dry-bulb and the wet-bulb temperatures should be marked on 
the respective scales, and the curve corresponding to the air velocity selected. The marks on 
the temperature scales are joined, and the intersection of the line with the selected air velocity 
curve is marked. The value of the ECI, is expressed in degrees Fahrenheit.

According to this experiment, 78°F is the temperature of still and saturated air which 
is assessed to have the same effect on human comfort as the measured climate. In summary, 
the climatic index for thermal comfort purposes in the warm, humid and oppressive climates 
of low latitudes is ranged above 75°F (23.8°C) and below 80°F (26.7°C) of temperature. In 
addition, the beginning of sweating occurred in the average case at a wet-bulb temperature of 
80°F (26.7°C) or lower.
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Source: Reprinted from: S. V. Sokolay. Environmental Science Handbook, 1980.

-THE PREDICTED FOUR HOURS SWEAT RATE (P.4S.R.):
According to Givoni (1976), "The index takes into account metabolic level and two 

types of clothing in addition to the climatic factors”. The P.4S.R. was developed during 
world war II in England.

The range of the conditions covered by the index was: Globe temperature from 80.6 
to 129°F (27-54°C); wet-bulb temperature from 60.8 to 96.8° F (16-36°C); wind speed from 
9.8 to 492 fpm (5-250 m/sec); metabolic level from 1.08 Met at rest to 4 Met at medium 
work (54-200 kcal/h(mz); and shorts only (0.15 d o ) or overalls/short (0.29 do) values of 
clothing. The unit selected for the comparison of combinations of climatic factors, metabolic 
levels and clothing is the sweat rate resulting from a 4 hour exposure to the given conditions. 
On the other hand, in this experiment was concluded that the most useful range of air speed 
for men working in tropical conditions is 100-150 fpm (0.5-0.76 m/sec) when shorts are worn 
and 150-300 fpm (0.76-1.52 m/sec), when overalls are worn (Macpherson, 1960).
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Figure 1-3 The Equatorial Comfort Index Nomogram 
Source: Reprinted from C.G. Webb, “Thermal Discomfort in an Equatorial Climate”,

1960
IV. DETERMINATION OF A THERMAL COMFORT ZONE

Knowing that the thermal comfort is the condition of mind which expresses 
satisfaction with the thermal environment, and owing to the factors that influence in the 
sensation of comfort, several theories have been developed for obtaining the standard comfort 
zone. Some of the main climatic elements related to comfort are dry bulb temperature, 
humidity and vapor pressure, that can be studied to determine a comfort zone in an specific 
place.



Studies conducted for the American Society of Heating, Refrigeration and Air 
conditioning Engineers, ASHRAE, at Kansas State University (KSU), describe a comfort 
zone for thermal sensations for sedentary people (1 Met), wearing light clothing 0.4-0.6 do, 
at 79°F (26°C) dry bulb temperature, 50% relative humidity and for air velocity less than 35 
feet per minute or 0.2 m/sec. The thermal sensations reported were seven, drawn on the 
Psychrometric chart, they are: 7)hot, 6)warm, 5)slightly warm, 4) comfortable, neutral, 3) 
slightly cold, 2) cool, and 1) cold. The obtained results (fig 1-4), demonstrated that the 
comfortable sensation was over a dry-bulb temperature of 79°F (260C), and 50% of relative 
humidity.

10

Figure 1-4 Thermal sensations according to ASHRAE at KSU. The shaded zone shows
the comfortable sensation.

Source: Reprinted from D. Watson, "Climatic Design", McGraw Hill, 1983.

Another theory was developed by LeRoy (Landsberg, 1972), where he attributed the 
designations of "healthy", "soothing", "depressing" and "debilitating" (fig. 1-5), to vapor 
pressure ranges between 12 and 16, 16 and 21.2, 21.2 and 26.4, and in excess of 26.4 
millibars, respectively. In addition other researchers have given discomfort limits between 5 
and either 17 or 18 millimeter of mercury, or 6.67 and 22.67 or 24 millibars of vapor 
pressure.
Considering that fatigue is the general psychological and physiological sensation yielded for 
the evaporative heat loss (skin moisture evaporation), for the vapor pressure effect ranged 
from 16 to 26.4 millibars.

In addition, ASHRAE comfort standard 55-74, describes comfort condition for 
thermal sensations of sedentary adults (1.0-1.2 Met), wearing light office clothing (0.5-0.7 
do). The results of this comfort zone extends from 72°F or 22.2°C to 78°F or 25.5°C by 
vapor pressure of 5 and 14 mm Hg or 6.67 and 18.66 millibars.

According to the experiments developed for ASHRAE at KSU and the Comfort 
Standard 55-74, the most commonly recommended design conditions for comfort are:
CET = 76°F or 24.5°C ; Dry-bulb air temperature = MRT = 76°F or 24.5°C;
Relative Humidity = 40% (20 to 60% range); Air velocity, less than 45 fpm or 0.23 m/sec.
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figure 1-5 Vapor Pressure effect upon the state of mind described by Leroy 
Source: Reprinted from: D. Watson, "Climatic Design". McGraw Hill, 1983.

Figure 1-6 ASHRAE 55-74 Comfort zone.
Source: Reprinted from D. Watson, "Climatic Design” 1983

A. THE BIOCLIMATIC CHART

Developed by Victor Olgyay, the bioclimatic chart shows the combination of dry-bulb 
temperature (vertical axis), and relative humidity (horizontal axis) where a human can be



comfortable. Also the chart shows the corrective measures required when the combination of 
temperature and humidity falls outside the comfort zone. These measures include the air 
movement, radiant heating, evaporative cooling and additional clothing (fig. 1 -6).

In the middle of the chart we can see the summer comfort zone divided into desirable 
and practicable ranges. The winter comfort zone lies a little lower. When any climatic 
condition is plotted, and if the intersection of dry-bulb and relative humidity point falls into 
the comfort zone, we feel comfortable in shade. This occurs when the dry-bulb temperature 
75°F, and relative humidity 50% (point A fig. 1-6). If the intersection point is higher than the 
upper perimeter of the comfort zone, at DBT 80°F; 70% RH (point B), winds at 280 fpm are 
needed, to counteract vapor pressure. If the temperature is high as 87°F; and the relative 
humidity 30%, is low, human being feels too hot and dry. With winds at 300 fmp or 
evaporative cooling thermal comfort state improves (point D). If the plotted point is in the 
lower perimeter of the comfort zone, at DBT 50°F; and RH 56%; 260 btu/hr of sun radiation 
is needed to restore thermal comfort (point C).

On the other hand, the small dotted lines in the chart indicate grains of moisture per 
pound of air needed to reduce temperatures to the level at the upper comfort zone.

1. Psychrometric Chart

The psychrometric chart is a graphic representation of air temperature, humidity, dew 
point temperature, wet bulb temperature, humidity ratio, specific volume and enthalpy. This 
chart has been updated by Arens (1980), and the same diagram except that the latter is 
presented in the standard psychrometric chart format. Another extension of Olgyay's work 
was made by B. Givoni (1979), who determined limits of effectiveness of different building 
practices in meeting bioclimatic comfort needs which previously were only identified.

The limits for well-developed executions of each climate control strategy can be 
plotted on the psychometric chart that Givoni named The Building bioclimatic Chart, (fig. 1- 
7).

The following are the psychrometric chart factors shown in figure 1-7:
-Dew point (Saturation point), forms the upper curve boundary of the psychrometric 

chart, the line of 100% humidity.
-Dry Bulb Temperature, are the vertical lines read along the horizontal axis.
-Enthalpy, the internal energy of a substance, which run diagonally down to the right on the 
chart.
-Humidity ratio or absolute humidity, are the horizontal lines of the chart and read along 

the right hand vertical axis.
-Relative Humidity, shown by the curved lines that climb from left to right on the chart. 
-Specific Volume, is shown on the chart as the cubic feet of the mixture per pound of dry 

air.
-Wet bulb temperature, shown on lines that slope down from left to right and read on the 

curved line on the upper left edge of the chart.

12
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Figure 1-6 The Bioclimatic Chart, Thermal Comfort Zone 
Source: Reprinted from: V. Olgyay, "Design with climate". Princeton, USA 1967.
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Figure 1-7 The Building Bioclimatic Chart 
Source: Reprinted from "Energy Conservation through Building Design" by Donald

Watson. AIA, 1979. Architectural Record books McGraw Hill Inc.

B. BIOCLIMATIC EVALUATION OF COMFORT

Knowing that the purpose of climatic design is to maintain, or to minimize the energy 
cost of maintaining thermal comfort conditions within building interiors, and also having 
plotted out the climatology data on the psychrometric chart, it is possible to give some 
climate specific design strategies for different climatic zones located outside of the comfort 
zone.

1. Design Strategies

When environmental conditions fall in areas to the right of the comfort zone, passive 
cooling design strategies such as: high mass structures, natural ventilation, and evaporative 
cooling should be considered. If the temperature and humidity fall beyond these zones, 
conventional and mechanical ventilation, air conditioning, and dehumidification will be 
required, according to Donald Watson (1979) (fig. l-8a).

If the local climatology data in a specific site falls above and to the right of the 
comfort zone, (the hot humid zone), or the data falls on the left side, next to the comfort zone 
(cold zone), the temperature and humidity conditions can be modified using specific design 
strategies to restore the feeling of comfort.
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A. Comfort zone E. High mass w/night time ventilation
B. Natural/Mechanical ventilation F. Conventional air conditioning
C. High thermal mass G. Humidification
D. Evaporative cooling

Figure l-8a. Cooling Design strategies
Source: Reprinted from “Energy Conservation Through Building Design” by D. Watson.

AIA, 1979. The hot humid climatic zone is characterized by higher temperature 
and humidity levels. According to Watson (1979), natural and mechanical ventilation and 
conventional dehumidification techniques could be applied, to reduce humidity levels. In the 
case of cold climate, passive solar heating systems could be applied to obtain thermal 
comfort.
SUMMAR Y OF HEA TING DESIGN STRA TEGIES

A. Comfort zone
G. Humidification
F. Passive solar heating
I. Active solar/ conventional heating ioo* no*

Figure 1-8b. Heating Design strategies •
Source: Reprinted from "Energy Conservation Through Building Design" by Donald 

Watson. AIA 1979. Architectural record books Me Graw hill, Inc.
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The following are the general techniques that can be used in different cases, according 

to the climate of a specific place.

a. Conventional Dehumidification and Air Conditioning

This strategy can be applied to a place which climatology data plotted on the 
psychrometric chart, falls above and to the right of the comfort zone, between 90°F and 
120°F temperature and from 68% to 100% relative humidity, (fig. 1-9). In this zone there is 
too much moisture in the air and not enough natural ventilation to be used as a passive 
system to dehumidify the air. Hence, the choice to get comfort is to use mechanical or 
electrical equipment like air conditioning. Another way to dehumidify the air is using 
chemicals desiccants such as calcium carbonate (Watson, 1979), that take moisture out of the 
air, keeping the temperature constant.

On the psychrometric chart beyond this zone and cooling system is needed, equipment 
or systems powered by mechanical or electrical energy can be used but they have high 
economic cost. Those equipment or systems would be applied in seasonal countries, because 
according to the season they can cool or heat buildings. The conventional dehumidification 
and air conditioning means are very expensive in developing countries and are more in 
tropical climates where there is not a wide climatic variation between dry and wet season.

2>o' 4cr iscf fccr ro* so* «icr iccr ntf 
DRY DULD TEMPERATURE

Figure 1-9 Conventional Dehumidification and air conditioning
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b. Natural and Mechanical Ventilation

Natural and mechanical ventilation strategies fall on the psychrometric chart between 
68°F and 90°F temperature and from 20% to 100% relative humidity (fig. 1-10).

Designing buildings to be exposed to prevailing breezes and utilizing air flow within 
the interior, positive as well as negative air pressure could be used to reach comfortable 
indoor conditions. This natural and mechanical ventilation strategy could be applied on 
places where is not big changes between day and night temperature as only 48-50° F (9-10°C) 
as it occurs on hot-humid climates (World survey, 1976). In order to cool quickly, buildings 
must have low thermal mass, using light weight materials, like wood, fibers and various types 
of insulation. For instance, Indigenous buildings are built of wood, bamboo, organic fibers 
and so forth. Houses have deep shade, and sometimes are raised off the ground to increase 
exposure to the cooling breezes.

At the same time, buildings must be protected from solar radiation, using good 
thermal insulation, reflective external walls and roofs, deep overhangs, non reflective ground 
cover, surfaces such as streets and roofs should be shaded by trees.

In addition, using wind deflectors and wing walls in buildings (as it is shown later), 
helps to direct wind flow into the interior. This natural ventilation works on people doing 
sedentary indoor functions, and wearing light clothes at temperatures lower than 90°F. In this 
case, human comfort is affected by the air motion in two ways: convection, because the heat 
is going away from the body, and evaporation because the perspiration cools the skin.

'S x s  a 8  £

5cr 4cr so" 6cf 7o* 8o* scr iocr
DRY DULO TEMPERATURE

Figure 1-10 Natural and mechanical Ventilation

Similarly, having eaves or/and overhangs to shade the interior spaces, is useful for 
deflecting the wind to improve cross ventilation. In addition, air movement increases
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comfort at high humidities (but, does not reduce them), only the movement of air gives a 
feeling of comfort. When natural ventilation alone is insufficient for air movement, 
mechanical means as fans, must be employed. Although this requires electric energy, it is a 
good way to ventilate spaces especially in hot-humid climatic zone.

c. High Mass with Night Time Ventilation

High mass with night time ventilation strategy is used when plotted temperature and 
humidity conditions fall between 95°F and 110°F and from 25% to 68% relative humidity 
(fig. 1-11).

The purpose is to cool the building interior masses with night time breezes and then 
close it up during the heat of the day. Sometimes fans have to be used to move the night time 
air through the building. As well, the building surrounding surfaces must be highly reflective. 
Besides, buildings are sometimes constructed with earth-covered roofs and walls and 
operable windows with deep recesses to avoid direct heat gain.

This High mass with night time ventilation strategy usually is applied in areas where 
temperature difference between day and night is about 30° to 40°F as it occurs on hot-dry 
climates.

io' 4cr sc? to- stf \oa  iicr
DRY DULb TEMPERATURE

Figure 1-11 High Mass with Night Ventilation



19
d. Evaporative Cooling

When exterior temperatures reach between 80°F and 105°F and humidity conditions 
from 0% to 60%, environmental conditions fall in the area bellow and to the right of the 
comfort zone, and air temperature is hot and dry, (fig. 1-12). Water must be added to moisten 
and cool the air. For instance, if the air temperature is 105°F at 10% relative humidity, 
adding or blowing a fine mist into the air will help to reduce air temperature by moistening 
the ambient. In an well-designed system for evaporative cooling no energy is gained or lost 
in the process, which means that it must follow one of the lines of constant energy (enthalpy).

In addition, to maximize evaporative cooling in a specific site, fountains, or blowing 
water by spray pipe on atrium walls in a courtyard help the process. A double courtyard 
designed in a house can be used to drive the flow through ventilation. One courtyard is 
shaded with evaporative cooling system that keeps cool air. Trapping this cool air through 
the other sun-pocket courtyard, the air will cross the building interior and will raise in the 
sun-pocket courtyard, because of the upward flow of warm air. Another system for 
evaporative cooling is spraying of roofs that supplements the radiant cooling system of roof 
ponds (as its explained later). In all these systems, the availability of water plays an 
important place, for this reason it appears to be a serious costraint in warm-arid climates.

e. High Thermal Mass

High thermal mass strategy is useful at temperatures higher than 80°F and 96°F and 
humidity conditions at 25% to 68%, falling in the area next to the right o f the comfort zone, 
(fig. 1-13). In this case the day-night temperature differential is great such as that found in 
warm-dry climates. For this climatic zone building must use heavy soil or masonry materials

2>cr 40* 30* fccr 70" 6 0 " 90" locr ii(J
DRY &UL6 TEMPERATURE

Figure 1-12 Evaporative Cooling
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in floors, walls and ceilings, to delay the effect of heat transfer from outside to the inside. 
For instance, depending on the mass wall thickness, and the degree differences on day and 
night temperature, the inside temperature could be half of that amount with a time lag of 
about 12 hours. For another thing, the passive cooling of high-mass wall structure of cases, 
are naturally cooled by absorbing sensible heat from the interior partitions, floors and 
furniture.

Buildings for radiant cooling, have deeply recessed windows or openings to prevent 
direct solar penetration, also they have heavy insulation outside the mass and reflective 
outside surfaces. In addition, some shaded outdoor spaces can be utilized to keep exterior 
cool or envelope walls and taking into account to have low reflectivity surfaces in ground 
cover.

This cooling effect either decreases or increases the amount of moisture in the air. The 
level of moisture is no constant. For this reason, high thermal mass strategy is not useful in 
humid climates, because the humidity will enter the walls, and floors, and lead to mildew 
problems. The cooling effect in hot dry climates is generated by cool air at night and in 
humid climates there is not enough difference between day and night temperatures.

f. Humidification

Humidification strategy could be applied when humidity levels fall between 0% to 
50% and temperatures from 60°F to 80°F, (plotted on the psychrometric chart are in the area 
immediately below the comfort zone, fig. 1-13). When dry-bulb temperature range shows 
good conditions but the air is too dry. Humidification is required for comfort during the 
heating season.

bo* ao* scr feo' 7o* 80" %r tocr ncf
DRY DULE) TEMPERATURE

Figure 1-13 High Thermal Mass
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In natural environments it is strange to find the need of Humidification alone because 

always the humidity accompanies heating or cooling process. The Humidification process 
occurs within the spaces and is not necessary to replace air as in the evaporative cooling 
system.

In very cold climates, the amount of retained humidity is small compared with warm 
climates. On dry winter days that static electricity builds up, due to low moisture level in the 
air that drain the static charges. For that reason we can have unpleasant shocks for example 
when we are shaking hands.

In well insulated houses, humidity can easily increase, during normal indoor activities 
like cooking, bathing, breathing and perspiring as well as the expiration of moisture from 
plants. (These are practical techniques for reaching comfortable ambient).

g. Passive Solar Heating
Passive solar heating strategy is applied when sensible heating is required. It is plotted 

immediately left side of the comfort zone, between 46°F and 55°F dry bulb temperature and 
from 5% to 100% relative humidity, (fig. 1-14). When dry-bulb temperatures fall less than 10 
degrees below the comfort zone, the need for heating is full filled by internal gain or sources 
like equipment, lights, people and so forth. This temperature is known as the balance point of 
the building.

bo' 40" so" 60 7o* 8o* c\cr loo net
DRY BUL& TEMPERATURE

Figure 1-14 Humidification and Passive and Active Solar heating

In seasonal countries, passive solar heating is practical through large south facing 
windows, and greenhouses, which bring in winter direct sunlight that heats the floors and



walls. For better effect the exterior walls must be insulated thermal mass structures, exposed 
to the sun during winter day and insulated at night. Also they must be shaded against 
overheating during the summer.

Another way to get passive solar heating is through the Trombe Walls systems. They 
are thermal storage walls in which a glass-covered wall can be heated by the direct sun's rays 
and then re-radiate the stored heat into the building interior. One system consists of water 
containers placed behind a window wall, another system is having a thermal mass wall placed 
behind a glazed wall and the other system is a roof pond that comprise of plastic bags placed 
on the roof. This system acts as a storage mass that releases radiant heat, this heat can be 
transferred from warm objects to cold objects without changes in air temperature.

During Summer time, to prevent overheating, the large south facing windows must be 
shaded by overhangs. Similarly, Trombe Walls must be vented as a control strategy in 
Summer time.

This passive solar heating strategy will be selected for Bogota, Colombia's, cold 
climate, where solar radiation is intense, because of the tropics and high altitude location. 
One of these types or strategies of passive solar heating, is the direct heat gain through 
windows, usually double glass, that help to store heat. A second type is through Trombe 
Walls. The third type, uses the building walls and roof as a thermal envelope, with compact 
building forms. A fourth type, uses of exterior surface colors, medium to dark, that help to 
absorb more solar radiation that is re-radiate in the building interior. Also, the utilization of 
wind breaks in a building openings serves to reduce the cold winds during strong gales. 
Explanation of these types of passive solar heating will be given in chapter 3.

h. Active Solar Systems or Conventional Heating Methods

Active solar systems or conventional heating methods are applied to a place that 
appear on the psychrometric chart with temperatures between 30°F and 45°F and from 0% to 
100% relative humidity (fig. 1-15).

When the effectively of passive solar systems through south facing windows, 
greenhouses, trombe walls or roof-ponds are not enough to heat spaces, active solar systems 
are needed. In an active system, the collection and storage components are separated from the 
interior volume and can reach higher temperatures than the passive methods. Heat is 
effectively circulated by pumps and/or fans through the different sizes and distances between 
spaces.

Passive solar heating works with the available solar radiation in the area where 
collectors are installed. Active solar heating installation cost, related to passive methods of 
heating.

Conventional heating methods such as bum coal, gas, oil or wood, that generate open 
flame combustion can be dangerous to building occupants. Similarly, those methods present 
fire hazard to buildings, high costs in the form of fuel and energy as well as increase pollution 
from burned fossil fuels.
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Figure 1-15 Active Solar systems or Conventional Heating systems

V. CONDITIONS OF THERMAL COMFORT

Knowing the different factors related to thermal comfort, they will be analyzed for 
tropical climates as Colombia in this case.

A. CLIMATE

According to Colombia's two major seasons, the limits of the comfort zone should be 
modified for both the temperature as well as relative humidity. Because the limits of the 
comfort zone described by ASHRAE, are based on samples done in northern regions where 
they show the four seasons climatic variations.

B. GEOGRAPHICAL LOCATION

The bioclimatic chart developed by Olgyay is applicable only to inhabitants of the 
temperate zone of the United States, at elevations no higher than 1.000 feet above sea level, 
wearing indoor light clothes and in sedentary activity. Olgyay explains that regions located in 
other latitude of 40°, the lower perimeter of the summer comfort line should be elevated



3/4°F for every 5° latitude change toward the lower latitudes and the upper perimeter may be 
raised proportionally, but not above 85°F (29.5°C). In this report the concern is with the 
tropics. This area comprises a wide belt around the middle of earth, from 23.5° towards both 
poles to the equator, approximately 40 per cent of the total land surface of the earth. 
Countries on that belt have varied climates, from 32°F (0°C) to 97°F (36°C), physical and 
social environments. For instance, in tropical countries, there are two basic types of climates 
wet and dry, also some of them on low altitude and others on high altitudes. On human 
thermal comfort terms in tropical countries, a variety of findings are explained latter.

C. ACCLIMATIZATION

A young person who arrives in the tropics from a moderate climate can acclimatize 
faster than people in older ages, because the required elasticity of the body changes by age. 
Most young and healthy people can adapt to environmental changes rapidly. The change of 
climates in the tropics is more convenient, from cool to hot weather, the body's 
acclimatization takes 2 weeks. The adaptation from the hot to cool, takes 5 weeks, because 
people need to increase their heat production to achieve thermal comfort. For instance, their 
bodies suffer change affects such as the increase in pulmonary ventilation, changes in the 
circulatory system, and increase in the oxygen carrying capacity of the blood (Sloan, 1979).

On the other hand, if the atmosphere is hot and humid the normal loss of heat by 
evaporation of sweat is reduced, and causes a greater rise in body temperature than in a dry 
environment at the same temperature (Sloan, 1979). The capacity to perform long and 
difficult physical work in a hot environment is greatly increased by acclimatization.

D. CLOTHING

Clothing is one of the main elements that help provide comfort to the human body in 
various regions. For instance, the function of clothing in a cold climate is to increase the 
thermal insulation of the body by maintaining a layer of still air next to the skin. But the outer 
layer should be wind proof. For that reason in Bogota, people wear long sleeve shirts (0.29 
do), heavy trousers (0.32 do), and light sweaters (0.20 do), for a total of 0.8 d o  value in the 
summer or dry season and heavier clothes as 1.0 d o  in winter or wet season.

In a hot environment, clothes should be porous, to permit free evaporation of sweat 
but thick enough to prevent sunburn. Hence, people in Neiva wear light or white colored 
fabrics (usually made of cotton), because they reflect the sun's rays instead o f absorbing them, 
and light clothes such as a light shirt or blouse (0.22 do), a light skirt (0.10) or light trousers 
or slacks (0.26 do) having a roughly value of 0.4 do . all year- round.
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VI. THE COMFORT ZONE IN THE TROPICS

The comfort zones tend to vary according to geographical location, acclimatization, 
ethnic origin, sex, age and activity at the time of tests, and for the different techniques and 
methods employed by the researchers such as Brooks, (1950), C.G. Webb (1960), R. 
Mackellar Campbell (1965), Balwant Singh Saini (1973), C. P. Kukreja and Luis Sanchez- 
Carmona (1986).

The comfort zone for the tropics according to the researchers is: Charles E. Brooks: it 
the lies between 74° and 85°F (23-29°C) dry bulb temperature; with relative humidity 
between 30 and 70%. As stated by Webb, the comfort zone is ranged between 75° and 80°F 
(23.8-26.7°C), temperature and from 30 to 60% relative humidity. Campbell has arrived at an 
average of 85°F (29.4°C) dry bulb temperature or 79.5°F (26.4°C), effective temperature. In 
conformity with Saini, human thermal comfort is usually found when the mean skin 
temperature is maintained by various means below 93°F (33.9°C) and above 88°F (31.1°C). 
Depending on Kukreja, the comfort zone in humid tropics is between 80.6°F and 84.2°F (27- 
29°C). Sanchez Carmona says that "the thermal comfort is generally afforded by temperatures 
in the 72-77°F (22-25°C), range and a relative humidity of 50 to 60%". All these findings are 
plotted in figure 1-16.

[H23 Brooks j S S  Krukeja

Webb # 0  Sanchez Carmona

Figure 1-16 Summary of findings for the tropics’ Comfort Zone.



Figure 1-17 Thermal Comfort Zone for tropical areas.
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CHAPTER II. CLIMA TIC CONDITIONS OF TROPICAL AMERICA AND 
COLOMBIA

I. INTRODUCTION

This chapter presents the different factors that determine the climate changes in 

the tropics, specifically in Colombia. This chapter, also describes the major climatic 

zones in Colombia concentrating on the hot and cold zones, the predominant climates in 

the country's most populated areas. The cities of Bogota (2630 meters or 6700 feet 

altitude) cold climate and Neiva (442 meters or 1052 feet above sea level), hot climate, 

were chosen. Bogota and Neiva have different environments, and living patterns. For 

instance, in Neiva people need to reach thermal comfort in their dwellings during the 

hottest period of the day, from 12:00 M to 2:00 P.M.. In Bogota, people need to be 

comfortable in their dwellings at night, the coldest period of the day. Finally, the chapter 

will emphasize strategies for producing thermal comfort in those cities by means of 

natural ventilation in Neiva and passive solar heating in Bogota.



28

II. TROPICAL AMERICA

The climate of a given region is related not only to the composition of the soil but 
also the affects of plants and animals and the energy of men. It has come to be considered 
as a description of the prevailing conditions and is determined for the pattern of several 
elements and their combinations and interactions.

The distribution of climatic types, based on the seasonal distribution and total 
amount of rainfall, show a large number of climatic regions in tropical America.

A. CLIMATIC CONDITIONS

The climatic conditions in tropical America differ patterns from those tropical 
(monsoon) Asia and tropical Africa. They differ for two reasons: First, small part of 
South America, east of the Andes mountain range, between latitudes 10°N and 20° south 
has a monsoon type of circulation, but the other parts of tropical America have no 
monsoon system, those parts are in the inter-tropical convergence zone, I.T.C.Z., and it 
makes small seasonal movements. In the western parts these are prevented by the cool 
Humboldt-Peru current, which penetrates as far as the equator. In the eastern parts, north 
of the equator that current is too small to produce a thermal low. Figure 2-1 shows the 
January and July pressure and wind patterns over South America.

The second characteristic of climates in this region is caused for the long and high 
Andes Mountain range (fig 2-2), forming a barrier to the strong zonal circulation which 
prevails over the mid latitudes of the southern hemisphere.

Another feature related to the Andes mountain range is that the effects of the cold 
ocean current and the subtropical high pressure cell over the southern Pacific Ocean, 
cause dry climates from 2°N latitudes as far as 27° south and are limited to a very narrow 
western coastal area.

High pressure cells, help form three climatic regions along, the west coast. A 
continuously humid region between 7° and 2° north; a transition zone, with rain only 
during part of the year, between 2° north and 2° south; and the coastal desert, south of 2° 
southern latitude, this region is one of the driest in the world and its extreme aridity is due 
to the strong subtropical high pressure cell over the Pacific ocean and the frictional 
differences between land and sea surfaces originated for the trade winds.

The Andes mountain ranges have climates which are controlled by elevation and 
exposure. Elevation has a strong influence on temperatures, but also on rainfall, which 
generally increases to about 1,000-1,500 meters and decreases at greater heights. The 
interior plateaus usually receive less rainfall than the surrounding mountain ranges. Due 
to easterly winds, the east-facing slopes receive more rainfall than those facing westerly 
directions.

Exposure is also important in relation to the sun, because at higher elevations the 
temperature differences between sunny and shady areas are large. West facing slopes 
which have more sun during the afternoon, may for that reason reach higher temperatures 
than east-facing slopes at the same level.
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Figure 2-1 January and July circulation Patterns over South America 
Source: Reprinted from: S. Nieuwolt, “Tropical climatology”, 1977.
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Figure 2-2 Andes Mountain range 
Source: Reprinted from: S. Nieuwolt, “Tropical climatology”, 1977.

The largest part of tropical south America lies to the east of the Andes Mountains. It 
is a flat area, with a low center occupied by the Amazon basin, bordered for mountain 
ranges not high, generally bellow 1,000 meters.

Most of the South American continent is influenced by the Atlantic south easterly 
trade winds, but in the north, these are changed for north-easterlies from the Caribbean. 
Also the trade winds change into north westerlies when they cross the equator and 
normally reach the south east coast of Brazil, at latitudes between 20° and 25° south, (fig.
2-3).

The south easterlies are dry winds when they reach South American continent but 
as they move toward the equator, they gradually become more humid by picking up a lot 
of water vapor from the vegetation covering the Amazon basin.

There are two dry zones; one of these is along the northern coast o f Venezuela and 
the other is in the northeastern of Brazil. The soggiest climate is in the equatorial areas of 
the Amazon basin; the north-east coast of Brazil and most of the Guyana, with a total 
annual rainfall over 1,500 mm. Finally a coastal strip between 13° and 23° south has 
rainfall throughout the year and it is during the low sun period, from April to September, 
when the south-easterlies are strongest.



Temperatures in tropical south America to the east of the Andes mountain ranges 
have pattern: annual ranges increase with altitude and with distance from the coast but 
with the effects of the dry wet seasons.
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Figure 2-3 Climatic Regions o f Tropical South America 
Source: Reprinted from: S. Nieuwolt, “Tropical climatology”, 1977.
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Colombia, located in the northwest comer of the South American continent, 
encompasses an area of 1.141,747 square kilometers (440,381 miles). It has the following 
coordinates: Longitude: 74° 04' 51" West, and Latitude: 4° 35' 56" North.

Colombia is the only country in South America with both Caribbean (1,760 
kilometers) and Pacific coastlines (1,448 kilometers). This country has international 
borders with five nations: Panama, Venezuela, Peru, Brazil and Ecuador. The population 
of Colombia is about 33 million people, 60% of whom live in cities, while the remaining 
40% live in the rural areas. Colombia, has a annual population growth of 1.6%.

Figure 2-3 Colombia physical setting
Source: Reprinted from: Banco de la Republica (Colombia) “Atlas de Colombia”, 1989.
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A. MAYOR GEOGRAPHIC REGIONS

Colombia is divided in four natural geographic regions: 1. the Andean highlands, 
consisting of the three Andean Ranges and intervening valley lowlands; 2. the Caribbean 
Lowlands coastal region,; 3. the Pacific Lowlands coastal region, separated from the 
Caribbean lowlands by swamps at the base of the Isthmus of Panama and 4. Eastern 
Colombia, the great plains that lie to the east of the Andes mountains (fig. 2-4).

1. Andean Highlands

Near the Ecuador, the Andes Mountains divide into three distinct and roughly 
parallel ranges, called "Cordilleras", that extend northeastward almost to the Caribbean 
sea, (fig. 2-5). Altitudes reach more than 5,700 meters it is possible to find all types of 
climates from very hot to mountain peaks covered with permanent snows.

The elevated basins and plateaus of those provide moderate climates. Torrential 
rivers on the slopes of the mountains produce a large hydroelectric power potential. In the 
late 1980's approximately 79 percent of the country's population lived in this region.

The "Cordillera Occidental", Western mountain range, is relatively low and is the 
least populated of three ranges. Summits are only about 3,000 meters above sea level and 
do not have permanent snows. The low elevation of the range permits dense vegetation, 
which on the western slopes is truly tropical. The western range, is separated from the 
central range by the deep rift of the Cauca River Valley, that flows through some of the 
best farmland in the country.

The "cordillera Central", Central mountain range, is the loftiest of the mountains 
systems. It is an 800 kilometer-long, towering wall dotted with snow-covered volcanoes. 
The highest peak in this range, is Nevado del Huila, reaches 5,439 meters above sea level. 
The second highest peak is a volcano, Nevado del Ruiz, which erupted violently on 
November 13, 1985.

Between the Central range and the Eastern range flows the Magdalena River (fig. 
2-6). It is a navigable from the Caribbean sea as far south as the town of Neiva. The 
valley floor is very deep; nearly 800 kilometers from the river's mouth the elevation is no 
more than 300 meters.

In the "Cordillera Oriental", Eastern mountain range, at elevations between 2,500 
and 2,700 meters, there are three fertile basins: Cundinamarca, where the Spanish 
established the town of Santa Fe de Bogota (nation's capital), 2,650 meters above sea 
level. Another basin is Boyaca where there are fertile fields, rich mines and large 
industrial establishments that produce much of the national wealth. The third basin is 
Bucaramanga which is important for intensive agriculture.

The Andean highlands make up 13 of the 33 states "departmentos" in Colombia. 
Below are the states and their capitals such as Cundinamarca, of which capital is Bogota; 
Antioquia, Medellin; Boyaca, Tunja; Caldas, Manizalez; Cauca, Popayan; Huila, Neiva; 
Norte de Santander, Cucuta; Santander, Bucaramanga; Narino, Pasto; Quindio, Armenia; 
Risaralda, Pereira; Tolima, Ibague; and Valle del Cauca, Cali, (fig 2-7).
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Figure 2-4 Colombia's Geographic Regions
Source: Reprinted from: Himat, “Calendario meteorologico”, Bogots 1992.
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2. Caribbean Lowlands

The Caribbean lowlands consist of all o f Colombia North coast from the Uraba 
Gulf to the Venezuelan frontier at the northern extremity of the eastern range, (fig 2-8). 
This region ranges from semiarid lands, Guajira, to eternal snows at the Sierra Nevada de 
Santa Marta, at 5,700 meters.

The Caribbean lowlands region is roughly the shape of a triangle the longest side 
of which is the coastline. Most of the country's commerce moves through Cartagena, 
Barranquilla, and Santa Marta, ports located on this coast. Inland from the cities are 
swamps, hidden streams, and shallow lakes that support banana, and cotton plantations, 
countless small farms and cattle ranches.

The Caribbean region is connected with the Andean high lands through the two 
River valleys, Magdalena and Cauca. After the Andean Highland, it is the second most 
important region in economic activity, and this region holds about 17 percent of the total 
population.

3. Pacific Lowlands

The Pacific lowlands is a region of jungle and swamps with considerable but little 
exploited potential in minerals. Buenaventura is the only important port on this coast. On 
the East, this region is bounded by the western mountain range, from which some streams 
run westward, but the navigable Atrato River flows northward to the Gulf of Uraba, to 
make commerce related to the Caribbean Lowlands, (fig 2-9).

The Atrato swamp is a deep muck, sixty five kilometers in width it has been 
difficult to complete the construction of the Panamerican highway. A second interoceanic 
canal would be constructed by dredging the Atrato River to facilitate the transformation 
of this region. Only 3 percent of all Colombians reside in the Pacific lowlands.

4. Eastern Colombia

The area east of the Andes includes about 699,300 square kilometers or the three- 
fifths of the country's total area, (fig. 2-10). This area is known as the eastern plains, 
from the Spanish term for plains, "llanos". This region is unbroken by highlands except 
in Meta state where an outlet of the Andes is found, the Macarena Sierra.

Many of the numerous large rivers of Eastern Colombia are navigable. The 
Guaviare River divides this region into the llanos sub-region in the north and the tropical 
rain forest or jungle "selva" sub-region in the south, also called the Amazon region.
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IV. CLIM ATIC ELEMENTS IN COLOMBIA

The principal climatic elements related to human comfort and building design are: 
solar radiation, temperature, humidity, precipitation, wind and other special 
characteristics such as lightning, earthquakes, dust storms and so on.

The factors which influence the climate all over Colombia are, the sun and general 
atmospheric circulation in the tropics. Regionally the coastlines, the vegetation, the 
mountains, and also the orography have very large impacts on climate.

Colombia is a country of climatic extremes. Here are found the rainiest 197 in. 
(5000 mm) and the driest areas 40 in. (1000 mm), the warmest lowlands 84.2 °F (29 °C) 
and the coolest mountain peaks 39 °F (4 °C), the windiest coast 1700 fpm (8.5 m/sec)and 
probably the calmest interior, 240 fpm (1.2 m/sec).

A. AIR TEMPERATURE

Air temperature is one of the most important climatic factors in determining 
human comfort. Temperatures at ground level are a definitive factor in building design. 
Air temperature changes as a building raises. For instance, in Bogota, the average 
building height is from 6 to 10 story apartment buildings. In Neiva, 4-5 story buildings 
are the main feature of architectural housing design.

In this study, the given data is the monthly maximum and minimum air 
temperatures and the mean monthly range. This data will help to determine the hottest 
and the coldest month and how to know the difference between the lowest monthly mean 
minimum and the highest monthly mean maximum that establishes the annual mean 
temperature range.

The climatology data given below reveals that the highest values of the mean 
temperature for Neiva occur in August and September. In Bogota, the highest values 
occur in March, April and May. The monthly air temperature data for both Colombian 
cities, is given, (table 2-1 and 2 -la).

B. HUMIDITY OF THE ATM OSPHERE

To reach human comfort it is necessary to know the amount of moisture content in 
the air. This relative humidity will help to determine the evaporative capacity of air and 
hence the cooling efficiency of human perspiration.

Due to Colombia's location between, two oceans and with long and copious 
rivers, swamps and lakes, the rainfall rates, intertropical location and other geographic 
conditions give a high relative humidity that ranges, from 65% to 90% in river basins and 
coastal areas.

When rainfall increases the humidity and post rainfall humidity drops to 65%. 
This phenomena occurs in some regions like the Bogota Savanna and Cauca Valley 
(Andean region). In the Guajira peninsula (north coast), the humidity is about 70% 
because its proximity to the sea.
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In order to plot the humidity conditions on the psychrometric chart, it is necessary 
to have the monthly mean maximum and minimum relative humidity (RH) values. For 
instance in Neiva RH ranges between 55% in August, and 74% in November with the 
annual average of 65.75%, while in Bogota it ranges between 68% in March and 77% in 
Octuber and November, with annual average of 73%.

Using the former data and plotted in a graph its possible to compare the relative 
humidity of the two chosen climatic regions. Also to identify comfortable periods in the 
year based on temperature and humidity. For both cities the highest relative humidity 
seems to occur in November, (table 2-2 and 2-2a).

TABLE 2-1 Air temperature of Neiva

T em peN M on  
r a tu r e  °F

Jan Feb Mar A PR May Jun. Jul. A u g S ep O ct. N o v . D ec .

M ea n 82 82 82 81 81 82 82 84 84 82 81 81
M a x im u m 91 93 91 90 90 91 93 93 95 91 90 90
M in im u m 72 72 72 72 72 72 72 72 72 72 72 70

TABLE 2-la  Air Temperature of Bogota

T em peX M on  
ra tu r e  °F

Jan Feb. M a r A p r. M a y Jun. Jul. A ug. Sep O ct. N o v . D ec .

M e a n 57 57 59 59 59 57 57 57 57 57 57 57
M a x im u m 68 68 68 68 68 66 64 66 66 66 66 68
M in im u m 45 46 48 48 48 48 48 46 46 48 48 46

Source: HIMAT “Calendario Meteorologico 1992”, 1993 

TABLE 2-2 Relative humidity of Neiva

R e la tiv e
H u m id ity

Jan Feb. Mar Apr May Jun. J u l. A u g S ep O ct. N o v . D ec .

%
M ea n 67 66 67 71 70 65 58 55 57 67 74 72

M a x im u m 84 86 76 87 91 87 83 80 86 85 83 83
M in im u m 56 52 55 62 60 50 47 48 47 58 67 66

TABLE 2-2a. Relative humidity of Bogota

R e la tiv e  
h u m id ity  %

Jan Feb. M ar A p r M a y Jun. Jul. A ug. Sep O ct. N ov . D ec .

M ea n 73 73 68 76 75 72 71 71 72 75 77 75
M a x im u m 84 83 83 84 85 85 83 83 82 86 88 85
M in im u m 51 53 54 57 58 56 56 54 54 61 64 56

Source: from HIMAT “Calendario meteorologico 1992”, 1993
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C. WIND

The planetarian winds that affect Colombia are: Trade Winds, north-east and 
south-east from the north and south hemispheres respectively. The north-east Trade 
Winds determine the dry season when, they reach the continent, from December to March 
but in certain Andean slopes. Rainfall continues throughout the year, as a consequence of 
the ascendant humid winds in some contour shapes. The south-east Trade winds occur in 
the south-east part of the country. During summer, July to August, the winds move to the 
north, are felt in Bogota "Altiplano".

The prevailing wind direction are modified according to the orientation and 
characteristics of the mountain systems, determining local winds in the different country 
regions. For instance, in Neiva, the wind flows from south south-east to north north-west 
with mean air velocity of 410 fpm or 2.05 m/sec, (table 2-3). June, July and August have 
the highest values of wind speed, 620 fpm (3.1 m/sec), and November, December and 
January have the lowest wind speed with an average of 260 fpm (1.3 m/sec).

On the other hand, the wind in Bogota flows from south-east to north-west, with 
mean air velocity of 376 fpm (1.88 m/sec), see table 2-3a. According to the Beaufort 
scale wind speed averages in Bogota are considered light breezes. The following 
description of wind speeds is a table developed by Beaufort called The Beaufort Wind 
Scale, (table 2-4).

D. VEGETATION

Vegetation and the different floral formations in the whole country are related to 
climatic conditions (meteorology), soil conditions and topography. The altitude and the 
water availability determine the vegetation forms of the tropical jungles (two-thirds of 
Colombia territory), Paramo formations, savanna, xerophytes formations, the "manglares" 
or halophytes, margin and beaches formations, meadows and the aquatic vegetation.

The tropical jungle is the most important of Colombia's vegetal formations. The 
main characteristics are its exuberance and its richness in tree species of height, for the 
variety of biological forms of evergreen foliage and for the timber cane abundance.

According to the altitude, there are three types of tropical jungles: the first, is the 
inferior, below 1,000 meters with high temperatures of 73.4°F (23°C). It has annual 
precipitation between 1,800 mm and 11,000 mm. This type of vegetation is characterized 
by big trees (40 meters height), and many kinds of palm trees.

The second type is the jungle or sub-Andean forest, between 1,000 and 2,400 
meters, with the mean temperatures from 61°F (16°C) and 73 °F (23 °C) and annual 
precipitation between 1,000 to 4,000 mm. This vegetation, similar to the former, covers 
the cordillera's watersheds.

The third type is the Andean Forest of the high parts of mountains, from 2,400 to 
3,800 meters of altitude, with temperatures between 43°F (6°C) and 59°F (15°C), and 
annual precipitation of 1,000 mm. The trees in this zone are lower in size, there are more 
orchids and moss covering the ground and the tree stems.
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The third type, "Paramo" formations are located in the ranges peaks form since 
3,800 meters above sea level, with cold temperatures and humid environment. This 
vegetal cover is provided by meadow and some bushes like "ffailejon", a typical plant of 
Colombian Paramos.

The fourth type, savanna formation (Bogota), is characterized by meadow, shrubs, 
dispersed trees and thickets. The fifth type, xerophyte formation, is located in the 
Caribbean cost and is formed by a dense forest of small trees and thorny plants.
The sixth, manglares or halophytes zone is formed for trees adapted to the salty 
environment, resistant to the strong waves. They are located in the Pacific cost.

The seventh type is margin and beaches formations, plants adapted to poor soils 
like gramineous and creeping stems, located on the big river beaches in the Eastern 
Plains. The eighth type, meadows, is located on the deforested mountains, in temperate 
and cold climates. Finally, the aquatic vegetation, grows up over the calm and dull water 
surfaces. One example is the Victoria Regia of the Amazon River because it has more 
than 1.00 meter diameter leaves and large pink flowers.

According to this description, Neiva is found in a zone which sufficient vegetation 
protects the dwellings from solar radiation shading them and addressing the air movement 
to building interiors. On the other hand, Bogota, does not need this protection, instead it 
needs solar radiation to reach thermal comfort in the environment and into buildings.

TABLE 2-3 Wind Speed of Neiva

W in d  sp eed  
F pm

Jan Feb. M ar Apr M ay J u n . J u l. A u g Sep O ct. Nov. D ec .

M ea n 300 340 340 360 400 560 680 620 480 340 280 220
M a x im u m 560 580 600 560 600 1080 940 920 740 620 540 460
M in im u m 140 160 180 160 220 220 320 260 200 140 160 100

TABLE 2-3a. Wind Speed of Bogota

W in d  S p eed  
Fpm

Jan Feb. M ar Apr M ay J u n . J u l. A u g Sep O ct. N o v . D ec .

M ea n 400 420 460 380 420 500 520 560 420 360 380 420
M a x im u m 620 660 640 480 600 680 780 620 600 600 640 640
M in im u m 280 340 340 280 300 340 380 320 320 260 280 300

E. SOLAR RADIATION AND SUNSHINE

Colombian territory lies over 4° North of mean latitude above the Equatorial line. 
Its latitudinal situation assures high solar positions over the horizon and 12 hours of mean 
sunlight duration. The intensity of sunlight increases aloft in the cleaner, drier, thinner air 
of mountains, for this reason, Bogota that is located at high altitude (6700 ft or 2630 
meters), receive greater intensity of sun's rays than Neiva (1458 ft or 442 meters).
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According to the solar chart for Colombian mean latitude, at noon, on April 3rd and 
September 11 th, the sun's rays reach almost 90° over the meridional horizon. The lowest 
sun position is in December 22nd (62°). The 28° is the angular oscillation between these 
extremes (fig. 2-11).

On the other hand, the variability of the sunshine (year round), in Colombia is 
very low, the high sun's positions. The shortest day of the year is in December 21st 
(winter solstice), and the longest day is in June 21st (summer Solstice).

In the Colombian Andes ranges, the climates are controlled by sun exposure. For 
instance, at higher elevations the temperature differences between sunny and shady areas 
are large. West facing slopes, which have more sun during the afternoon, reach higher 
temperatures than east facing slopes at the same level.

TABLE 2-5. The Beaufort wind scale

Beaufort No. Effects Velocity at 30 ft. height
and description mph fps m/sec

0 Calm Smoke rises
No perceptible movement

<  1 < 0 .7 0-0 .2

1 Light
air

Smoke drift shows light air movement; 
Wind vanes don't move; Tree leaves 
barely move

1 -  3 0.7 -  2.3 0 .3 -  1.5

2 Light
breeze

Wind felt on face; Leaves rustle; 
Newspaper reading becomes difficult; 
Weather vane shows direction

4 - 7 2.4 -  5.0 1 .6 -3 .3

3 Gentle
breeze

Wind extends light flag; Hair is 
disturbed; Clothing flags; Leaves and 
small twigs in contant motion

8 - 1 2 5.1 -  8.5 3.4 -  5.4

4 Moderate
breeze

Small branches moved; Hair disarranged; 
Dust and loose paper are raised

1 3 -  18 8 . 6 -  12.5 5 .5 -7 .9

5 Fresh
breeze

Force of wind felt on body; Small trees 
in leaf begin to sway; Limit of agreeable wind

1 9 - 2 4 12.6 -  16.7 8 .0 -  10.7

6 Strong
breeze

Umbrellas hard to use; Difficulty in 
walking; Large branches in motion; 
Whistling telegraph wires

25 -  31 16.8 -  21.5 1 0 .8 -  13.8

7 Near
gale

Whole trees in motion; Strong 
inconvenience when walking against 
wind

3 2 - 3 8 2 1 .6 - 2 6 1 3 .9 -1 7 .1

Source: reprinted from "Climatic Design" by Donald Watson. McGraw Hill Inc, 1993.
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TABLE 2-5 Annual insolation and solar radiation of Neiva

In so la tio n J a n Feb. M ar Apr M ay Jun. J u l. A ug. Sep O ct. N o v . D ec.

M ean Hours 189 156 152 146 161 165 184 164 166 130 165 182

R a d ia tio n Jan Feb. M ar Apr M ay Jun. Jul. A ug. Sep O ct. N o v . D ec.

M ean
C al/cm 2

454 457 449 439 433 428 443 444 460 455 439 440

M ean B tu/ft2 1675 1686 1657 1620 1597 1579 1635 1638 1697 1679 1620 1623

TABLE 2-5a Annual insolation and solar radiation of Bogota

In so la tio n Jan F eb . Mar Apr May Jun. Jul. Aug. Sep O ct. N ov . D ec .

Mean Hours 166 142 112 95 88 99 130 112 114 106 I l l 143

R a d ia tio n Jan Feb. M a r Apr M a y Jun. Jul. A ug. S ep O ct. N o v . D ec .

M ean
ca l/cm 2

380 347 432 325 398 308 344 334 347 325 321 345

M ean B tu/ft2 1402 1280 1262 1199 1469 1136 1269 1232 1280 1199 1184 1273

V SEASONAL VARIATIONS IN COLOM BIA

Colombia has little seasonal difference throughout the year. The variation of the 
temperature depends on the amount of precipitation and breezes but the difference 
between the average of the coldest and the warmest months is less than 1°C. More 
significant, however, is the daily variation in temperature, from night to day in some cool 
regions.

For instance, in the Andean Highlands the mean rainfall is near to, but less than 
1,500 mm/yr. Along the exterior slopes, however, the value exceeds 3,000 mm/yr. to the 
east and to the north, and is 6,000 mm/yr. to the west.

A. W ET AND DRY SEASONS

The complex topography makes it difficult to generalize the diurnal distribution of 
rainfall but is possible to make a few speculations on rainfall patterns:
1. Along it slopes at (1,500 meters), the maximum rainfall is received at intermediate 
elevations. If the rainfall is nocturnal the distribution is much lower than if afternoon 
rains, when the maximum distribution occurs near to or above 1,000 meters.
2. Comparing opposite slopes the major valleys, if windward and leeward, can be 
distinguished, the windward slopes receives approximately double the rain amount of the 
leeward slope.
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3. Slopes located across a valley from a major space between two mountains, the 
peripheral ridge, receive more rainfall than expected.
4. Valley rain occurs at night, slope or Altiplano (plateau) rain occurs during the day time, 
especially the afternoon.
5. The higher elevation of the floor of a major valley, the total rain is lower; if the floor 
elevation is (more less), higher than 1,000 meters, the annual rainfall is less than of 1,000 
millimeters.
6. Above 3,000 meters the annual total rain is less than 1,000 mm.

The floor of the Magdalena Valley receives about 1,700 mm/yr., on its windward 
(west side) slope the mean rainfall is 3,000 mm/yr., but on leeward slope the mean is 
more than 1,500 mm/yr. The other dry area of the valley floor is between 4° and 5° north 
due to the calm on the lee side because of the east barrier (mountain range).

The largest block of highland area is that north and northeast o f Bogota, the 
Colombian Altiplano. During the day there are a lot of clouds but they do not produce 
rain at least by tropical standards. Usually the rain occur in the mid-afternoon and with no 
more than 1,000 mm/yr.

The annual distribution of rainfall is constant throughout the Andes section. They 
have two wet and two dry seasons. Mid December through mid March is dry. Mid March 
through May is wet. June through September is dry. October through mid December is 
wet.

The following map shows the annual distribution of rainfall for various sections 
of Colombia and the charts show the amount of rainfall in millimeters related to the 
temperature in Bogota and Neiva (fig. 2-12).

Annual distribution of rainfall for various sections of Colombia.
Ordinate values in mm/100, annual total in mm.

Source: Reprinted from: Banco de la Republica, “Atlas de Colombia” 1989.
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VI. MAJOR CLIMATIC ZONES IN COLOMBIA

The four geographic regions have different types of climates such as: the Andean 
highlands mountain climate; The Caribbean lowlands the climate is dry marine. Eastern 
Colombia is continental and wet continental (Amazons) climate; and the Pacific lowlands 
have very wet marine climate.

Colombians customers describe the country in terms of climatic zones: Hot, 
Temperate, Cold, Paramo and Nevado zones (fig. 2-13).

Figure 2-14 shows the geographic system of climates in Colombia.

A. HOT ZONE

The hot lands climatic zone "tierra caliente", lies in areas under 900 meters in 
elevation. About 86 percent of the country's total population exists in this zone. 
Temperatures, depending on elevation, vary between 75°F (24°C) and 100°F (38°C) and 
there are alternating dry and wet seasons corresponding to Summer and Winter 
respectively. Breezes on the Caribbean coast reduce both heat and precipitation. Rainfall 
is the heaviest in the Pacific lowlands and Eastern Colombia (700 centimeters annually). 
The highest mean temperature are found at the lowest elevations of the section, 
specifically along the Magdalena River.

B. TEMPERATE ZONE

The temperate lands zone "tierra templada", covers about 7 percent of the country, 
and it is located between 1,000 to 2,000 meters above sea level. This zone includes the 
lower slopes of the Eastern mountain range, and the Central Mountain range and the most 
of the valleys. The cities of Medellin (1,487 meters), and Cali (1,030 meters) are in this 
zone. Mean annual temperature 66°F (19°C) and 75°F (24°C), depending on the 
elevation. This zone has wet a season from January through March, and dry season from 
July through September.

C. THE COLD ZONE

The cold lands zone "tierra ffia", constitutes about 6 percent of the total area, it is 
located between 2,000 to 3,500 meters above sea level including one of the most densely 
populated plateaus and terraces of the Colombian Andes. This zone has about one-fourths 
of the country's total population. The cool zone has a mean annual temperature between 
50°F (10°C) and 66°F (190C). The wet season occurs from April to May and from 
September to December.

D. THE PARAMO ZONE

The paramo or land of frost zone covers the highest areas of the Andes mountain
range. Here in this zone, dry season is either absent or short. Only 1 percent of the
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country's total population exists in this forestless stratum from 3.000 meters to the lowest 
permanent snow-line, of 4,700 meters. Here the mean annual temperature ranges from 
53°F (12°C) to 32°F ( 0°C).

E. THE NEVADO ZONE

The Nevado zone is located in the highest peaks of the Andes mountain range, 
above of 4,800 meters. It is the stratum of permanent snow and ice, with a mean 
temperature less than 32°F (0°C).

D

Figure 2-13 Major climatic zones
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Figure 2-14 Geographic system of climates in Colombia

Source: Banco de la Republica " Atlas de Economia Colombiana", Bogota, 1989.
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VII. TWO COLOMBIAN CLIM ATIC ZONES

A. NEIVA

Neiva is located in south-central Colombia, at 2°58' NORTH of latitude and 
75° 18' WEST of longitude (fig. 2-7). This city is at 1,458 feet or 442 meters above sea 
level
and it has a temperature of 82°F or 27.8°C. Neiva, capital city of Huila state, is located 
204 miles south west of the nation's capital. The maps show the Neiva's location within 
the country and state, and shape of the city. This city lies bathed by the swift Magdalena 
and Las Ceibas Rivers (fig. 2-15). Neiva is situated in the Magdalena River valley, in the 
shadow of both the Central and eastern ranges.

LIVING PATTERNS

People in this region adjust their daily life cycle to the harsh environment. They 
avoid doing unnecessary activities during extreme hot periods of the day. For this reason, 
people are working when the sun rises at 6:00 A M. and by sun set the day's work ends. In 
rural areas the day's work begins earlier, before sunrise and finishes before sunset (fig. 2- 
16).

In cities with hot humid climates, the working day is divided in two parts. The 
first starts between 7:30 A.M. and ends a round 12:00 M.. From this time to 2:00 P.M., 
people have their lunch, main meal of the day, and take a "siesta". It is important because 
at the siesta time corresponds to the hottest period of the day, the highest discomfort 
period. People are using electric fans and/or air conditioning machines, to reduce this 
thermal stress, during this time and at nights

The second part of the working day starts at 2:00 P.M. and ends at 6:00 P.M. 
After that, people usually spend the evening doing exercises, practicing sports, enjoying 
their leisure and doing social activities. People stop these activities at almost midnight, to 
start again in the early morning (fig. 2-17).

B. BOGOTA

Bogota, the country's capital, is situated in central Colombia, at approximately 
4°35'56" North of latitude and 74°04'51" West of longitude (fig. 2-15). The city is located 
at 8,700 feet or 2,630 meters above sea level. Bogota has average temperatures of 55.4°F 
or 13.7°C.

This city lies in the dominant part of the savanna, over the Eastern side, with two 
guiding mountains: Monserrate and Guadalupe (3,100 and 3,317 meters respectively) 
(fig. 2-18). They are part of the Eastern Mountain Range (Cordillera Oriental).

Bogota, at almost 8,700 feet, is on a plateau of the Eastern Mountain Range of the 
Andes. The climate is cool and there are only two seasons, wet and dry. The weather 
resembles the early fall or spring in the north central US. This city is rich in Colonial
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Architecture. Bogota is a modem cosmopolitan metropolis, whose population is over 4,9 
million.

Figure 2-15 Location of Neiva and Bogota

LIVING PATTERNS

The living patterns of the people of Bogota are different from those in Neiva 
because of the climate. People here, get up very early in the morning, before sunrise. This 
happens because Bogota is the largest city in Colombia people travel large distances 
between house and work places.

The working day usually begins early in the city as well as surrounding rural 
areas. Business hours start between 8:00 to 9:00 A.M. and end around 6:00 P.M.. At 
noon, 12:00 M. or 1:00 P.M. people have a leak to eat lunch, the main meal of the day. 
After that, they continue working until 6:00 P.M., they usually spend the time enjoying 
their leisure and social activities until midnight. At night, people inside the houses are



using electric heaters to improve climatic conditions and thus, they can sleep comfortable. 
Figure 2-19 shows a graphical representation of the activities patterns.

Figure 2-16 Living Patterns of the people of Neiva rural areas
Source: Adapted from Nader Chalfoun, Masters Thesis, 1985.
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Figure 2-17 Living Patterns of the people of Neiva
Source: Adapted from Nader Chalfoun, master’s thesis, 1985
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Figure 2-18 Living Patterns of the people of Bogota rural areas
Source: Adapted from Nader Chalfoun, master’s thesis, 1985
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Figure 2-19 Living Patterns of the people of Bogota
Source: Adapted from Nader Chalfoun, master’s thesis, 1985



CHAPTER 3. REGIONAL CLIMA TIC EVAL UA TION

I. INTRODUCTION

According to the bioclimatic evaluation for Bogota and Neiva, the following is a 

study of passive solar heating and natural ventilation techniques used for passive cooling 

techniques in cold and hot-humid tropical climates. The main objective is to show 

solutions for energy conscious design and how architecture may offer to solve the comfort 

problems. In this respect, this report analyzes the factors modifying the microclimate 

such as: topography, vegetation, wind, water, and solar radiation of the chosen cities and 

their relationship with the building elements such as: form and orientation, building 

envelope, openings and their placement.

Secondly, most of the design strategies of climatic control for those tropical 

climates have been explained related to buildings elements. They are: first form and 

orientation; second, envelope materials; third, openings; fourth, placement; fifth, 

mechanical systems and sixth shading devices.
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II. BIOCLIMATIC EVALUATION FOR BOGOTA AND NEIVA

A. BIOCLIMATIC NEEDS

The data plotted on the psychrometric charts, (fig. 3-1, 3-2), is based on the 
relationship between minimum temperature and maximum relative humidity; and 
maximum temperature and minimum relative humidity for a typical day each month. The 
lines in the Neiva's case, move upward on the chart during the overheated periods of the 
year.

Neiva (low lands), experiences major climatic discomfort periods from April to 
May and November to December. The thermal discomfort, or stress, is presented by high 
relative humidities in those periods. In contrast, July, August and September are months 
with high temperatures but low relative humidity due to the presence of winds, and little 
rainfall.

The evaluation chart indicates that throughout the year wind is required as well as 
shade. Natural ventilation by the wind and the protection from solar radiation will be 
explained later, as a aim to reduce the thermal stress or discomfort.

In Bogota (high lands), the coldest months are from December to February. The 
warmer months are March, April and May, and accompanied by high relative humidity. 
The evaluation chart calls for radiation during the whole year. Passive solar heating is 
required to obtain thermal comfort, applying passive techniques for direct heat gain from 
the sun and using the thermal mass to storage and distribution of the heat on interior 
spaces, those techniques will be explained later.

B. DESIGN CRITERIA

After determining the bioclimatic needs in Neiva and Bogota, the energy 
conscious design criteria for low rise, high density and single family housing will be 
explained and applied over four case study designs.

In Neiva case, reducing thermal stress or discomfort is based on providing natural 
ventilation by the wind, cross ventilation, the chimney effect, using double roof and wing 
walls techniques to vent interior spaces. To protect the dwelling from solar radiation, 
eggcrates, overhangs and louvers shading devices will be used. These techniques can be 
developed, analyzing the distinct architectural elements like: building form and 
orientation; the building envelope; the building openings; opening sizes, and placement 
and certainly the important element, wind velocities and directions.

On the other hand, these techniques have to be related to the materials used in 
Neiva's building construction industry and in order to obtain a thermally efficient house. 
More explanation about these techniques will be given later.

In Bogota, cold climate, the design criteria for the same type of houses formerly 
mentioned will be in general based on passive solar heating techniques. These techniques 
use the direct sunlight to heat the building interior, and to store day time radiation for 
night time use. This heat can be achieved through, the solar windows, clerestories and 
skylights, and masonry walls as thermal storage walls.
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Figure 3-1 Climate data for Neiva, Hot-humid climate, plotted in a psychrometric chart.
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III. FACTORS MODIFYING M ICROCLIMATE OF NEIVA AND BOGOTA

Understanding that microclimate is the small scale of climate referred to a specific 
site or place, must be taken into consideration in design purposes. This microclimate is 
related to four important factors: first, the effect of altitude; second, the effect of water; 
third, the effect of topography; and fourth the effect of land surface.

A. ALTITUDE:

Bogota is located at 8,700 feet (2630 meters), it has averages temperatures of 
55.4°F (13.7°C). This city location confirms that temperatures of the atmosphere 
decreases with altitude. The situation of Bogota in one of the mountain ranges and 
considering that the temperatures of the atmosphere decrease with height, in this case, the 
temperatures drop 1°F for each 264 feet or 1°C for each 160 meters, for both dry and wet 
season (circulo de lectores, 1989). Therefore, the effect of altitude suggests, that for 
achieving thermal comfort in hot tropical regions, building design should be located at 
hill's slope or peaks, where temperatures become more favorable (fig. 3-3). Although, 
Neiva's location (1,458 feet or 442 meters) is in low altitude, it has some topographic 
variations, some hills that become the privileged areas for building design, where the 
overheated period is less hot than on the flat areas of the city.

B. THE EFFECT OF WATER:

The relationship between water and land is a modifying climatic factor observed 
in Neiva. This city is located at east side of the Magdalena river and other small rivers 
located at south and north parts of the city. These supplies the great amount of moisture to 
the air, also the river depressions produce winds in the region. In general, bodies of 
water affect the climate of the surroundings. It happens because they have higher specific 
heat than the land. In addition, water is normally cooler during the day and warmer at 
night more than the terrain. In respect to land, during the day land heats more quickly 
than the adjacent water, for that reason the air over the water is cooler that the air over the 
land (fig. 3-4). This uneven heating rates of land and water cause winds, but those winds 
occur near the beach and diminish in land. This phenomena also happens in Neiva where 
there are more than two rivers around the city.

C. EFFECT OF TOPOGRAPHY

This effect is important for achieving thermal comfort through the building 
design, in hot-humid climates, taking into account the bioclimatic needs of cooling effects 
but protecting the building from sun exposure. For this type of climate is recommended a 
building location on the north facing slope to take advantage of the cool winds at night 
because of the daily cycle of winds, developed between mountain and valleys. This cycle,



Figure 3-3 Effect of altitude

Figure 3-4 The effect of Water
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during the day, where sunlight warms the valley, this warm air rises as a gentle up slope 
wind. At night, the flow reverses, because the mountains slopes cool quickly, this cool 
air is more dense and sinks down slope into the valley (fig. 3-5). On the other hand, west 
facing slopes are advised to protect from direct solar radiation through the use of 
vegetation which also help to shade the building. In contrast, in Bogota’ savanna, the 
recommended building design site is facing south-west on valleys, thus it takes advantage 
of the direct solar radiation for heating interior spaces throughout the year. On mountains 
slopes, buildings must be protected from the cool mountain breezes through vegetation, 
but allowing interior sunlight.

D. THE EFFECT OF LAND SURFACE

This effect is referred to the surfaces surrounding the site and their sun exposure 
that affect building’s microclimate, either absorbing or reflecting solar radiation. The 
heat absorbed or reflected for any surface, can be transferred to a building through 
conduction, convection and evaporation. Also, depending upon surface textures and 
color too. For instance, black colors have high absorptive heat capacity, this heat is 
absorbed during the day and can be transfer and/or re-radiate to a building at night. 
White and light color surfaces reflect most of the incoming solar radiation.

Figure 3-5 The effect of topography
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IV. DESIGN STRATEGIES OF CLIMATIC CONTROL FOR HOT-HUMID AND
COLD TROPICAL CLIMATES

In Neiva (hot-humid climate) psychrometric chart gives a clear need of reducing 
the air temperature and humidity levels to achieve thermal comfort. For that reason, 
building architectural elements must deal with solar protection and ventilation as passive 
energy conservation strategies. Here will be analyzed the following elements: first, 
building form and orientation; second, the building envelope, (roofs, walls, floors); third, 
openings, (size, cross ventilation), fourth, opening placement (stack effect); fifth, 
mechanical systems and sixth shading devices. Studying the above elements will help 
define the design criteria for buildings in this climate.

According to the psychrometric chart, Bogota needs the Passive solar heating 
techniques to increase heat inside buildings, and reach thermal comfort. There are two 
basic elements in every passive solar heating system: a solar collector (solar windows, 
clerestories and skylights), and thermal mass for absorption storage and distribution. 
Solar heat can be gained directly or indirectly. Direct gain, is defined as the heat obtained 
directly from sunlight. Indirect gain occurs when sunlight first strikes a thermal mass 
and/or other surfaces such as, glass or metal sheets, located between the sun and the 
space. There are two types of indirect gain systems: interior thermal storage walls and 
roof ponds. The masonry thermal storage wall system will be applied in Bogota urban 
house case study. This consists of areas of glasse facing the direct sunlight, this heat 
passes to the thermal mass located behind the glass.

A. BUILDING FORM AND ORIENTATION

In hot-humid climate, buildings may be oriented with the short sides facing east 
and west. To minimize solar gain and to receive maximum ventilation. For a rectangular 
building shape must be oriented south-west in the case of cold climate as Bogota has. 
Building openings should be located perpendicular or oblique to the local prevailing 
breezes, to obtain satisfactory ventilation conditions within the building interior when 
cooling is needed.

According to Givoni, (1976), in hot-humid zones comfort is based on ventilation. 
It should be obtained with air velocity of up to 2 m/sec (400 fpm), from the prevailing 
winds to achieve air movement. Neiva has the following monthly mean values of wind 
speed. The units are meters per seconds.

TABLE 3-1 Monthly wind speed of Neiva

W in d  sp eed  
F pm

Jan Feb M ar Apr M ay J u n J u l A u g Sep O ct N o v D ec

M ea n 300 340 340 360 400 560 680 620 480 340 280 220
M a x im u m 560 580 600 560 600 1080 940 920 740 620 540 460
M in im u m 140 160 180 160 220 220 320 260 200 140 160 100

Source: Benito Salas’ airport readings
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This table shows that it is possible to adapt, the natural and cross ventilation and 
besides other techniques as a cooling system to improve the comfort conditions all year- 
round for buildings in this area. However, the air speed required for comfort depends of 
the levels of temperature, humidity and physical activity. For instance, in hot-humid 
climates the desired pattern of air flow should be directed above the head level, about 
120-150 cms above the floor, or the level of sitting people.

B. BUILDING ENVELOPE

The building envelope is a major control mechanism for solar light transmission 
as well as for conductive and convective thermal transfer between inside and out side. 
However, in the case of hot-humid climates, the concept of building envelope will be 
used to satisfy physiological and psychological needs of human climatic comfort.

Knowing the need for natural ventilation in this type of climate and analyzing the 
materials and components of the building envelope, it is possible to achieve and address 
the different techniques for comfortable building environments. It is possible to analyze 
individual design elements of the building envelope such as: roofs, walls, openings and so 
forth.

1. Roofs

Roofs are the most critical potential source of heat conduction after they have 
received direct solar radiation, for this reason, roof materials, thickness, external surfaces 
and shape, and the relationship with ceiling, play an important role for thermal comfort 
within buildings. In addition, roof may divide in two categories: first, heavyweight and 
second, lightweight roofs, applied very often in cold and hot-humid climates 
respectively..

In many tropical regions the dispersion of dwellings allows certain freedom in 
building form and construction materials. In urban areas, the roof form and material are 
responding to the denser building pattern than the rural areas.

The criteria for roofing in tropical climates include the need for protection from 
rain and solar radiation. For this reason, for rain protection in Colombia is very common 
to find pitched (lightweight) roofs, more often than flat (heavyweight) roofs, in both 
major climatic zones. For instance, in hot humid climates, single layer or comprise two 
layer, roof and ceiling separated by an air space lightweight roofs are commonly used. 
For this type, roofing materials are: tiles (clay or cement), asbestos-cement, galvanized 
steel, and aluminum sheets. As ceiling materials are: plaster on expanded metal, 
fiberboards and gypsum sheets. For minimizing the amount of solar radiation that can be 
absorbed during the day, whitewashing or light colors are suggested for external color 
roof surfaces. In this tropical climate, high surface reflectivity of the roof toward solar 
radiation is more effective in promoting comfort beneath the roof than the use of 
insulation. Those colors reflect more radiation than dark colors. Similarly, polished 
aluminum surfaces reflect most o f the sun’s radiation they receive when are new but they 
loss a great part of their reflectivity with age.
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According to Givoni, 1969, using whitewashed cement tiled roof and plastered 
ceiling, the day time ceiling temperature is reduced about 5.4° F (3° C). Through a 
pitched roof is possible to vent interior spaces (if the roof has direct relationship with the 
ceiling plane). Generally, the ceiling is working as an insulation layer between a heated 
space and the heat of the interior spaces. Ridge and soffit vents are provided for roof 
ventilation, however, those openings must be protected with screens to exclude insects 
and rodents. The location of those vents must be away from wall to minimize penetration 
of wind-driven rain (fig 3-6). In addition, the recommended minimum ceiling height for 
hot-humid regions is 8.2 ft or 2.50 meters, (Givoni, 1969). However, to get sun 
protection and good ventilation, a double roof is used. It consists of an air gap of 6” or 
more, under the roofs that traps breezes (fig. 3-7).

The roof shapes, use a one way slope, that collects the rain on one side only, in 
this case the hot air is accumulated between the upper and lower layer but the hot air rises 
to the higher side of the roof. A vented pitched lightweight with whitewash external 
color roof is a good solution for achieving thermal comfort of interior spaces in hot- 
humid climates because it reflects 80% of incident solar energy (Sperling, 1970), and 
does not store heat and is cheaper than the double roof system cost. Besides, those roofs 
have very good resistance to damage caused by earthquakes provided that they are well 
constructed.

In contrast, roofs in cold (highlands) tropical climates, where passive solar heating 
is needed (all year-round) to achieve thermal comfort, act as solar collectors and heat 
storage depending of the materials. For instance, roofs can be flat heavyweight (thermal 
mass), used for heat storage. They are generally built of concrete and sometimes of 
water.

According to Fry (1964), on 8” (20 cms) thick concrete slab or hollow tile roof, it 
has an interval of “lag” of 5 hours between the upper and lower temperatures, time in 
which the roof get rid of the stored heat by radiation or convection to cooler bodies. 
Thus, a building with this type of roof can achieve thermal comfort in interior spaces at 
night, when it is needed.

Another type of thermal mass roof for this climate is called a “the Skytherm Roof 
Pond” developed by Harold Hay (Konya, 1980). It consists of water filled polythene 
black bags placed on the roof and a movable covering of 50 mm thick polyurethane 
insulating panels (fig. 3-8). These panels are left open during the day to allow solar 
radiation to be absorbed and re-radiated into the building; at night the panels are closed to 
conserve the heat.

2. Walls

Many of the systems used for roof design also serve for walls to prevent the entry 
of heat into the interior in hot-humid climates. The strategies to prevent direct solar 
radiation, to increase exposure to cooling breezes and to minimize humidity, being these 
factors easier to control in walls and vertical surfaces, than it is for roofs, in this climate.

In addition, orientation of the walls (minimizing west facing walls), the use of 
breezeways and wing-walls or vertical fins (fig. 3-9), help to maximize wall surface
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exposure to cooling breezes and to reduce heat gain. Also, walls can be vented with a 
cavity or with openings and with light external colors, reflect solar radiation.

Figure 3-6 Types of roofs for energy conservation strategies 
Source: Reprinted from: Donald Watson, “Climatic Design”, New York, 1983

Figure 3-7 Double roof system
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Figure 3-8 “Skytherm Roof Pond” for cold climates.
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Similarly, the use of overhangs from the roof, balconies, verandahs, sun breakers, 
or other architectural elements, also vegetation can prevent solar heat for most of the wall 
surfaces, shading them. Air flow patterns are also influenced by vegetation and can be 
modified by landscaping.

According to Konya (1980), "hot air should, ideally be cooled by passing over and 
through vegetation before entering a building". The humidity levels must be taken into 
account with the use of vegetation.

In hot-humid rural and sometimes urban areas walls are made of locally abundant 
materials such as bamboo and timber. These materials are flexible, resistance to 
earthquakes, lightweight, easy handling, durable and inexpensive, and are used as frame 
of walls and roofs. There is a variety of filling for those walls, ones is based on plaster 
made with organic fibers, mud, sand and cement called “Bahareque”(more information is 
given later). Another filled material are panels made with coconut sawdust, sand and 
cement over expanded metal mesh (Athfield, 1976). That “Bahareque” wall (fig 3-10), 
and those coconut panels are fire-resistance and have good sound and thermal insulation 
against tropical h ea t.

In urban areas, most of the walls are made of brick, concrete and adobe. 
According to their weight, thickness and thermal resistance characteristics, these material 
have different time lag for warming up and cooling down (table 3-1).

As was mentioned before, physical comfort in hot-humid tropical climates is 
achieving inducing ventilation and keeping out sun, rain and insects. To get this, in 
interiors spaces, some precast concrete blocks ventilated walls are designer to satisfy 
those requirements. In this type of walls, for insects protection , fly-screens are needed, 
but they reduce the air flow. Hence, the fly-screens location must be at some distance 
from the wall rather than directly on the wall or windows. For instance, if here is a 
balcony adjacent to the room, the fly-screen can be installed around the balcony, thus, air 
passes through a wider free area.

TABLE 3-1 Thermal capacity of building materials

Materia
1

Thickness
(in.)

Time lag 
(h. min.)

B rick 9 7 30
4 .5 3 45

C oncrete 6 4  2 0
4 2 55
2 1 30

T im ber 2 3 00
1 1 3 0

Source: Adapted from: David Oakley, “Tropical Houses” B. T. Batsford Ltd. 1971
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In cold climate the most important thing is having high heat storage and through 
high thermal resistance wall and floors materials it could be possible. As it was 
mentioned

Figure 3-9 Breezeways and wing walls 
Source: adapted from Donald Watson “ Climatic Design:, New York, 1983
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before, there are some systems for passive solar heating through walls. They are thermal 
storage walls in which a glass-covered wall can be heated by the direct sun’s rays and then 
re-radiate the stored heat into the building interior. One system is having a thermal mass 
wall placed behind a glazed wall, also called Trombe walls. The painted black outside 
face masonry wall absorbs the solar radiation and then it transfer the heat through the wall 
by conduction. In addition, glass of the window wall must be double pane that have more 
thermal resistance than a single one. For another thing, in masonry thermal storage walls, 
vent holes, frequently are placed at the top and bottom to allow circulation of air and thus, 
avoid overheated spaces. These is recommended for this type o f all year-round cold 
climate.

Another system consists of water containers placed behind a window wall, called 
Drum walls (fig 3-11). Those containers are painted black or dark color for maximum 
solar absorption, also, its a waterproof coat against corrosion. The drum walls transfer 
the heat through the wall by convection rather than by conduction.
The glass area of these walls can be insulated at night to avoid heat loss through the 
window. To do that, insulating hinged panels (painted aluminum color) are placed at the 
wall bottom, so that during the day, are open and they function as reflectors increasing the 
daily solar gain. At night, they are closed, keeping the heat collected by the drums or 
brick (masonry materials) inside the space (fig 3-12) Those reflectors in urban houses 
sometimes are not viable, because there is not enough space to place them in front of 
windows. On the other hand, curtains are placed over the inside face of the water or 
masonry wall when the heat is not wanted.

Other system for passive solar heating through glass walls or windows walls are 
called Sunspaces or Solar Rooms (fig. 3-13). These provide additional living spaces for 
resting and/or growing food and plants. The heat stored on those spaces would be shared 
by both the building and the Sunspace. Also those, can be coupled with the building 
through the use of fans, or windows, doors, vent holes and/or dampers for natural 
convection.

All these strategies work better with interior adobe, concrete or brick walls and
floors.

3. Floors

Floors are important because they act as moisture barriers or regulators, and help 
cooling a building. Improving natural ventilation, floor parts are often raised in order to 
catch breezes and cool occupied spaces of the building (fig 3-14), in hot humid climates 
when ventilation is needed to achieve thermal comfort. In this climate, cement and 
ceramic tiles are common flooring materials in Colombian houses.

Floors in cold climate must be tiled and/or made of brick, concrete or stone, 
preferably dark color, to store heat, gained through the building openings
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Figure 3-12 Solar Reflectors on windows 
Source: Adapted from: Donald Watson, “Climatic Design” 1983

Figure 3-13 Sunspace or Solar rooms
Source: Adapted from: Breuning Carl, “Solar Dictionary”, New Mexico, 1983
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C. BUILDING OPENINGS

One of the important parts of a building talking about energy conscious design are 
the building openings, through them, direct heat gain and natural ventilation can be 
obtained. Knowing that the openings may be windows, doors, vents or ventilators, and/or 
specially designed openings.

For cold climates openings should be weather-stripped to protect them from rain, 
the entrance of cold winds and heat loss, and also, windows should be double glazed. In 
the case of this climate, where heating is needed, and knowing that window gains more or 
less heat depending of the opening size and orientation. For the same thing, there are 
some windows called Bay Windows, that consist of increasing the glass area of a window 
without increasing the size of the opening itself (fig 3-15). Through them, heat gain 
increases and it must be store in thermal mass wall and floors. In order to decrease the 
heat loss through windows and to improve the solar transmittance, additional glazing 
layers can be used. Table 3-2 shows some glazing materials and the percent of solar 
transmittance.

For hot-humid climates, the important function for openings in the building 
envelope is to promote cooling through ventilation. Ventilation may be natural (wind 
induced) or forced (using fans). The speed, direction and intensity of winds must be 
known in a given building site. Since it is possible to achieve a cooling effect sufficient 
for providing human comfort. Air movement is desirable for comfort for two reasons: 
first, evaporation of surface moisture (including sweat), and second, remove of interior 
heat and moisture, when air is cooler than the interior.

In hot-humid climates, building openings, that improve air movement and 
circulation, must be protected from solar radiation through shading devices. Some 
devices allow the air pass, provide shade and privacy, some of them are: screens, 
horizontal and vertical louvers, overhangs, eggcrate devices (combination of horizontal 
and vertical elements), and certainly, vegetation. In addition, color of the shading devices 
is very important because it controls reflectance of the sun's rays. At the same time, 
shading devices, affect the rate and flow of air. To illustrate this, sunshades, horizontal 
overhangs and louvers will be explained latter.

TABLE 3-2 Some glazing materials created for maximum solar heat gain.

Glazing Material Solar Transmittance

3 M ’s SunG ain 93% -96%
International’s Solak leer 90%

1/8” C lear g la ss 80%
1/4” C lear g la ss 75%
1/2” C lear g la ss  (H eavy  duty) 61%

Source: Adapted from: Katherine Panchyk, “Solar Interiors” . 1984.



73

Figure 3-14 Raised floors catching cooling breezes 
Source: Adapted from: Katherine Panchyk, “Solar Interiors” , 1984

Figure 3-15. Bay windows
Source: Adapted from: Katherine Panchyk, “Solar Interiors” , 1984
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In addition, in the hot-humid tropical climate, by day, air should come in under 
shade, such as vegetation (without restricting the free flow of breezes), and/or the shaded 
side of a building, instead of passing over or through heated surfaces (fig. 3-16).

D. PLACEMENT AND ORIENTATION

To talk about placement and orientation when wind is needed, the inlet opening 
should be located in positive pressure zones (windward side), and outlet openings in 
negative pressure zones (leeward side) see figure 3-17. For instance, and according to 
Boulet (1987), when air movement is oblique to aligned inlet and outlet openings, the 
flow of the air will circulate throughout the entire interior space (fig 3-18).

Another possibility for a good ventilated room is having the air movement 
perpendicular to the inlet opening and the outlet opening in an adjacent wall, the flow of 
air will circulate throughout the entire interior space (fig 3-19)

In addition, some difficulties are found where two rooms are connected by a hall 
with respect to the required orientations for ventilation. As a recommendation according 
to Givoni (1969), “when wind direction is north-west or south-west optimum ventilation 
conditions are achieved when the long facades are oriented toward the north or south, a 
direction which may also be preferable from solar radiation view point”. In contrast, 
when openings location are not desired at windward, through vegetation acting as win 
dam, it deflects the air into the building. For example, using a hedge with the same 
building height and located at some distance from the inlet opening, it helps to address 
the air toward the interior space (fig. 3-20). Also, when ventilation is desired in both 
sides , positive and negative zones, through a tree wall located at the rear zone of a 
building, it is possible to get it, leading the air flow into negative or suction part of the 
building (fig. 3-21). In addition, building openings placed at different orientation that 
wind direction, ventilation is achieved through the use of medium and high hedges as 
wing walls, deflect the air movement through the building interior (fig. 3-22).

1. Opening Sizes

Large openings are most desirable in this hot-humid climatic zone for ventilation 
requirements. But opening sizes depend of the space function, the amount, shape, 
placement and orientation of them, and the variability of airflow velocities in a room 
having an inlet and outlet openings. For instance, in bedrooms, the main air flow should 
be in that part of the room where beds are located and at a height a little above bed level. 
In a living room, air movement should occur at the standing and sitting levels. On the 
other hand, in a dining room the flow should occur around the sitting person’s head and 
shoulders and also at the foot and knee level but it should not may occur at the table 
height because air flow cools the food.

In respect to airflow velocities, in rooms with only one opening, the size has little 
effect on them, however, when the air flow is oblique to he inlet opening, the air enters 
for one part of it and exit through the other (fig. 3-23). While in spaces with two 
openings,



Figure 3-16 Air passing through vegetation

Figure 3-17 Positive and Negative pressure zones in a building

Figure 3-18.
Air flow oblique to the inlet

Figure 3 -18a
Air flow perpendicular to the inlet
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inlet and outlet, in general, the average indoor air movement velocity is determined by the 
size of the smaller opening whether inlet or outlet. For instance, if the outlet opening is 
increased in size, the interior airflow gains velocity (fig 3-24a). In contrast, when inlet is 
larger than outlet, velocity of air flow is increased outside the room (fig 3-24b).

2. Cross Ventilation

Cross ventilation is the effect of the air flow entering to a building interior, 
through an opening (inlet), and leaving the space through another opening (outlet), 
creating changes in the airflow patterns, augmenting or diminishing air velocities inside a 
room achieving comfort to the occupants. In this way, the quality of life is improved 
without be spending big quantities of energy.

According to Givoni (1976), to obtain efficient cross ventilation technique in a 
room, in hot-humid climates, openings must have outlet and inlet windows, located in 
both windward and leeward sides of the buildings. Those openings have different 
shading devices to protect them from solar radiation and rain. Also they can improve or 
worsen air movement conditions in a room.

In other words, an overhang over a window leads the air flow upwards and over 
the heads of people seated inside the space (fig. 3-25). This is recommended for dining 
rooms. However, when the window overhang has a slot close to the wall, the air enters 
flowing downward and over seated people bodies (fig. 3-26). This is suggested for living 
areas of buildings. In the same way, using louvered overhangs offer improvement of the 
air movement over the whole body of occupants stood and seated inside the room (fig. 3- 
27). All the mentioned shading devices are located at the inlet (windward) opening, 
being this larger than the outlet opening. Other louvers and/or lattices (jalousies) placed 
on openings, can deflect the air flow upwards or downwards depending to the level that 
the air flow is desired (fig. 3-28).

The size, placement, orientation, and shading devices of the windows are very 
important. For instance, if the size of the inlet or outlet windows, increase in one, the 
internal air motion will be weaker. A simple cross ventilation effect can be applied to a 
room connected by apertures in opposite walls, situated to a pressure or a suction wind 
areas o f the exterior (fig 3-29). Certainly, there are windows locations, where this 
definition can not applied.

For instance, when the room is not cross ventilated, and the wind is perpendicular 
to the inlet window, the average indoor velocity is low. While a cross ventilated room 
with two openings in adjacent walls and receiving perpendicular wind, the average indoor 
velocity is one of the highest.

Because the location and the amount of windows in a room can be variable. The 
following table 3-3, shows the percentage of the outdoor velocity that would be inside of 
a room, according to the openings location, wind direction, and the width of the openings, 
considering that all have the same height from floor to ceiling.

Due to the different locations of the building openings, here will be described 
some techniques to induce cross ventilation in rooms. These, could be applied in the 
urban house case study in hot-humid climate.
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Figure 3-19 Ventilation with the outlet opening in an adjacent wall

Figure 3-20 The hedge height deflects airflow into the building 
Source: Adapted from: Boutet, “Controlling air movement”, New York, 1987.

Figure 3-21 Tree wall



FABLE 3-3 Effect of cross ventilation on indoor average air velocity
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Cross
ventilation

Location of 
openings

Direction 
of wind

Total width of openings 
2 /3  o f  the w all 3 /3  o f  the w all

Av. M ax. Av. M ax.

c -

None

Single opening 
in pressure
zone

Perpendicula
r

13 18 16 20

Oblique 15 33 23 3 6

Single opening 
in suction zone

Oblique 17 44 17 39

T l

Two openings 
in suction zone

Oblique 22 56 23 50

Provided

Two openings 
in adjacent
walls

Perpendicula
r

45 68 51 103

Oblique 37 118 4 0 110

r— i
— i

Two openings 
in opposite
walls

Perpendicula
r

35 65 37 102

Oblique 4 2 83 4 2 94

Source: Adapted from "Man Climate and Architecture" by B. Givoni, 1

First, rooms with one external wall, this type of room is poorly ventilated. When 
the wind is oblique to the inlet window, the air flows along and parallel to the length of 
the wall, that creates a small pressure in its path and induces a flow from the high to the 
low pressure sections. To improve the indoor air velocity, it is possible to provide two 
lateral windows, one upwind and the other downwind sides of the room. Thus, the air 
flow will be moderate and no less than before (fig. 3-30a).

Another way to improve the ventilation conditions in a room is to design vertical 
projections or wing walls on those windows. In this case, the air flow enters creating 
“artificial” pressure and suction zones along the external wall (fig. 3-3Ob). In this way 
the cross ventilation effect is created, placing always the windows in a windward 
orientation and the wind direction, oblique to the wall.

According to Givoni (1969), “the angle between the wall and the wind direction 
could range from about 20° to 70°“. Also, the depth of the vertical projection on a 
building with several rooms should be no more that one-half the distance between the 
projection of the outlet window of the first room and the beginning of the inlet of the 
second room.
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Figure 3-22 Wing wall through vegetation 
Source: Adapted from: B outet, “Controlling air movement”, New York, 1987.

Figure 3-23 Rooms with one opening

Figure 3-24a
Air flow velocity having large outlet.

Figure 3-24b
Air flow velocity with large inlet.



3. Effect of Fly Screens

Fly screens are used for controlling the insects penetration within a room. They 
also block the air or reduce the wind speed about 50% and 60% when the wind speeds are 
respectively 176 fpm (1% and 2 mph or 0.894 m/s), and only about 25% when the speed 
is 880 fpm (10 mph or 4.47 m/s), also that depends of screen density.

The best place for fly screens is in front of an inlet opening or over a balcony 
situated in front of the openings too. Thus, they produce better air movement through the 
opening than place the screen in the opening itself.

4. Stack Effect

Another technique to create air movement through natural ventilation within the 
building interior is through a Chimney or Stack effect. Ventilation caused by this effect 
relies upon a difference in temperature between the outside air and that within a building.

For instance, air within a building that is warmer and lighter than outside air, pass 
out via openings placed high in walls or roof or wind towers and be replaced by cooler 
and denser air entering the building at a lower level (fig. 3-31). In addition, the rate at 
which this air change takes place is determined by the temperature difference between the 
inside and outside air; the size, location and design of openings and the distance between 
the inlets and outlets. To illustrate this, stack effect, figure 3-32 shows that this, remove 
warm air from the below part of the roof, keeping the ceiling cool. Also, figure 3-31 
shows warm air trapped under roof, is passing out through the high openings of the wall.

The ventilation caused by this stack effect can be a great aid to comfort in hot- 
humid areas when there is little or no air movement.

E. MECHANICAL SYSTEM S

Stack effect is related to the concept of thermosiphons. Thermosiphons are closed 
systems designed in response to temperature and pressure differentials of air masses; 
these differentials cause air movement. But, this study is not dealing with these actives 
cooling systems. However, there are some mechanical ventilation systems as fans that are 
appropriate for air movement in hot-humid areas and they function on relatively low 
levels of energy. Fans normally keep the comfort of the building occupants in the 80s 
degrees of temperature (Boulet, 1987). In addition, in houses in this climate are found 
with at least one of the three most common electric fans, such as: portable, ceiling and 
window fans. For instance, to work property a ceiling fan must be located at 10 ft for 
optimum benefit of air movement to 8 ft as minimum space for safety and successful 
results (fig. 3-33). The size of a ceiling fan, determine the volume of air which may be 
cooled effectively. For instance, a 36 in. ceiling fan can cool up to 200 ft2 or 2000 ft1, and 
a 52 in. can cool up to 400 ft2 or 4000 ft3 (Boulet, 1987).

Other mechanical systems are the air conditioners that can be used in extreme case 
when the indoor air temperature and relative humidity are very high and none of the 
mentioned systems can supply comfort in those conditions. In addition, according to

80
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Figure 3-25
C ross ventilation  w ith w in d ow  overhang

Figure 3-26
C ross ventila tion  w ith  slo tted  overhang

Figure 3-27 Louvers overhang

Figure 3-28 Louvers on openings
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studies and experiments developed by T. J. Willamson et. al. (1991), in Darwin Australia, 
hot-humid climate, people has different opinions about thermal discomfort and 
preferences. They say that the ideal house for that climate would not have air conditioned 
living areas. These people consider the financial and other costs o f air conditioning and 
its implications for life style. The same situation occurs in the hot-humid Colombians’ 
climatic regions

To talk about moisture in this tropical climates is controlled by using membranes 
or coatings as well as surface treatments on buildings materials. Being this materials 
polymers developed from hydrocarbons and other chemicals, also, some of those are 
based on rubber resins and natural pigments, and other chemical dehumidifiers that they 
are mentioned in chapter 1.
In contrast, fireplaces are commonly used for heating system in cold climates (fig. 3-34). 
However, in a conventional masonry fireplace, most of the heat produced by burning 
wood is lost into the surrounding wall and floor. The radiated heat is a small amount and 
it is enjoyed for the closest surfaces, objects and people. The other amount of the 
produced heat goes up the chimney. There are also other fireplaces system such as: 
freestanding, metal, but they work in the same way as the above mentioned masonry 
fireplace.

One of the important things having fireplaces is to avoid the heat loss. To control 
this, every fireplace must have a damper, closed when it is not used and thus, the house 
has no an air leak. Another recommendation is to have a fireplace located at a central 
place of the house instead of on an outside wall. Similarly, to gain heat from a fireplace 
could be possible through a ducted circulating and a heat exchanger fireplaces (fig. 3-35). 
The first one, consists of ducting cool air directly into the fireplace, from the lower part. 
As soon as the wood bums and creates heat, most of the heated air rises through the 
chimney. At the same time that heat is rising more cold air is coming to the fireplace. 
This cycle is the Chimney Effect, cycle that was mentioned before (fig. 3-35).

The second way to gain heat from a fireplace is having a heat exchanger that 
consists of an instrument built with tubes or pipes that are placed inside the fire place (fig.
3-36). Those pipes have openings located at the lower that draw cold air of the house and 
the upper part that release the hot air of the fireplace. The produced heat from the burning 
wood placed on the pipes is transferred to them through conduction and convection and 
also doing a tiny Chimney Effect.

F. SHADING DEVICES

Shading devices are very important architectural projected elements to protect 
building opening and walls from solar radiation, rain and wind. To build accurate 
shading devices have to have in consideration the following factors: the sun path, latitude, 
altitude, solar declination and orientation of the building site. Knowing these factors can 
be determined the solar angles such as solar altitude, azimuth, and the profile angle that 
help to know how to design the shading devices. Understanding first for solar altitude as 
the vertical angle between the horizon and the line of the sight to the sun and it's 
measured in degrees. Second, the solar azimuth is the horizontal angle between the



83

projection on the ground of the line of sight to he sun and the south axis. And third the 
profile angle, is defined as the angular distance between a horizontal plane and a plane 
tilted about a horizontal axis in the plane of a vertical window until it intersects the sun. 
This profile angle is important in designing exterior sunshades and in determining the 
depth of solar penetration in a room.

Figure 3-30a
T w o  lateral w in d o w s in a room

Source: Adopted from: Donald Watson, “Climatic Design”, New York, 1983

Figure 3-31 Stack effect through openings placed high in walls
Source: Adapted from: C. Kukreya, “Tropical Architecture” 1978.
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According to Olgyay, one method for shading devices provisions, are required 
when “outdoor air temperature exceeds 70° F, in regions with latitude of 40° 
approximately. For every 5° latitude change towards the equator the limiting temperature 
should be elevated by 0.75 deg F”. In order to follow this method, regions close to the 
equatorial line, shading devices are required when outdoor temperature exceeds 76° F.

Shading devices can be applied outside or externally, inside or internally and also 
between double glazing. The external or outdoor devices intercept radiation outside the 
glass, part is reflected to outside, the other part is reflected to inside and the other is 
absorbed, elevating eht temperature of the shade. Similarly, the indoor or internal 
shading devices intercept and reflect solar radiation transmitted through glass but, they 
trap heat on the interior of the glass, so it remains indoors (see table 3-4). The 
effectiveness of these internal shading is determined by its reflectivity (color), and in 
general is much less than that of external shades. Some examples of internal shading 
devices are: Venetian blinds, shutters, roller blinds, curtains, drapes and others (fig. 3-37). 
They have adventages such as, are retractable, can be lifted, rolled or drawn back from 
the window, but some are only adjustable in their angle. Sometimes these shading 
devices may affect day light, glare, view and ventilation.

In addition, there are three different categories for external shading devices: first, 
horizontal; second, vertical; and third, eggcrate (fig. 3-38). For instance, among the 
horizontal types are: solid horizontal overhang, combined solid and partially louvered, 
louvers parallel to the wall, unequally spaced tilted louvers parallel to the wall and 
overhang with louvers perpendicular to the wall. Other horizontal overhangs are 
combined with solid and louvered parts such as: horizontal louvers hanging from solid 
overhang, a solid strip parallel to wall that cut the lower rays of the sun and movable 
horizontal louvers that cover the whole opening.

The second type, vertical shading devices among those are: first, solid al fins; 
second vertical fin oblique to wall; third vertical louvered fins and fourth, movable 
vertical fin that can shade the whole wall or open in different directions.

Finally the eggcrate type of shading devices which are more effective to control 
the direct solar radiation access in hot-humid regions. These eggcrates are combinations 
of horizontal and vertical types and can be solid, solid with slanting vertical fins and also 
eggcrate device with movable horizontal elements and in different degrees directions. 
These eggcrates shading devices combined with louvered overhangs as horizontal type, 
are desirable in hot climates because they allow hot air to escape rather than trapping it 
under a hot soffit (fig. 3-39).

Figure 3-40 shows the comparative analysis of some shading devices according to 
reduction of external heat, efficiency of cross ventilation and lighting control.

On the other hand, there are other shading devices in a large scale used outdoors 
areas of buildings, called as patio overheads, such as, ramadas, and/or pergolas. In 
general, they are open spaces, as verandahs, covered by a roof supported by post, pillars 
or columns and in the case of ramadas are attached to the exterior of a building. These 
devices create a comfortable and pleasant outdoor space when they are designed 
correctly.
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■trapped air

Figure 3-32 Stack effect removes warm air from the roof 
Source: Adapted from: C. Kukreya, “Tropical Architecture” 1978.

Figure 3-31 Stack effect
Source: Adapted from: Allan Konya, “Design primer for hot climates”, London, 1980.

6 -  .
E E

i ! |
1 E 1
b CD b

CD

Figure 3-28 Minimum clearances for ceiling fans 
Source: Adapted from: Boutet, “Controlling air Movement”, 1987
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In order to get this, roofing materials must be considered according to the climate 
and the type of desired environment. For instance, they can be made of wood (spaced 
lath strips and/or eggcrate wood frame), cloth, corrugated plastic panels, reeds, aluminum 
etc. see figure 3-41. Also the roof frame frequently is covered by plants such as, vines or 
roses that shades the space or a walk or passageway in a case of pergolas.

To decrease or increase the heat gain through windows on different climates, must 
have into account the thermal properties of the glass. All types of glasses absorb and 
reflect solar radiation but there are special glasses such as heat-absorbing glasses absorb 
and heat-reflecting glasses that reflect infrared radiation to a greater extent than ordinary 
clear glass. Some typical values for different glazing materials are given in table 3-5.

TABLE 3-4 Properties of Shading Devices

%

Transmitted
%

Reflected
%

Absorbed
Shading
Coeff.

Venetian blinds
L igh t-co lored  H orizontal 5 55 4 0 .55
M ed .-co lo red  horizontal 5 35 60 .64
W hite (c lo se d )  vertical 0 77 23 .29

Roller Shades
W hite co lor, translucent 25 6 0 15 .39
W hite, opaque 0 80 2 0 .25
Dark, opaque 0 12 88 .5 9

Source: Adapted from: Donald Watson, “Climatic Design”. 1983

Figure 3-34 Fireplace for heating systems
Source: Adapted from: “Energy Saving Projects for the Home”. San Francisco, 1980.



TABLE 3-5 Solar and visible transmission of diffemt glazing materials

Material % Daylight % Solar
C lear Float g la ss , 1 sheet, 1 /8” 90 86

2 sh eets 1/8” 82 71
1 sheet 1 /4” 88 77
2 sh eets 1/4” 78 60

Szvmzt/ex “w ater w hite 1 sheet, 1 /8” 9 1 .6
L o - ir o n  1 sh eet 1/8" 89.1
H eat absorbing 1/8” 84 65

1/4" 76 4 8
P le x ig la s  1 sheet, 3 /16" 92 9 0
L a s c o l i te  corrugated F iberglass

crystal clear, 4  oz. 93 82
clear, 5 oz . 87 81
Frost, 8 oz . 66 60
Solar w hite, 5 oz. 32 21

A cry lic  doub le sk inned sheet
clear 83 83
w hite 70 67

P olycarbonate d oub le sk inned  sheet 80 77
C r y s ta f le x  4 0 - A ,  translucent, 1/8” 83 18

Source: Adapted from: D. Watson, “Climatic Design” 1983.

Figure 3-35 Ducted circulating fireplace
Source: Adapted from: “Energy Saving Projects for the Home”. San Francisco, 1980.
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Figure 3-36 Heat exchanger fireplace
Source: Adapted from: “Energy Saving Projects for the Home”. San Francisco, 1980.
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Figure 3-37 Internal Shading devices 
Source: Adapted from: Donald Watson, “Climatic Design”. 1983
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Figure 3-38 Shading devices
Source: Adapted from: Olgyay and Olgyay, “Solar Control and Shading Devices”, 1957.

Figure 3-39 Eggcrate Shading device for hot-humid climates 
Source: Adapted from: Maxwell Fry, “Tropical architecture in the dry and humid zones”, 
1982
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Figure 3-40 Comparative analysis of some Shading devices 
Source: Adapted from: Luis Sanchez de Carmona, Human Comfort in the Urban Tropics. 
1984.



Figure 3-41 Outdoor shading devices
Source: Adapted from: “Sunset Magazine, Garden and pation building book”, 1983



CHAPTER 4. THERMAL ANAL YSIS OF RURAL AND URBAN HOUSES 
IN A HOT-HUMID AND A COLD CLIMA TES IN COLOMBIA

I. INTRODUCTION

Urban and rural case study designs are analyzed to apply inexpensive architectural 

solutions for energy conservation and passive solar strategies that best fit the economical 

and social conditions, and cultural values of the people of Neiva and Bogota, Colombia. 

Applying these strategies will improve the thermal comfort within building interiors but 

still conserve the vernacular, traditional and modem style of Colombia’s architecture. 

Energy conservation strategies will be applied to the rural houses as well as an urban 

house of the hot-humid region. Passive solar heating and energy conservation techniques 

will be applied to two urban houses, a middle-class and a low-income row house in the 

cold climate of Bogota. Also, these urban houses will be modeled using CalPasS, a 

computer energy simulation program developed by the Berkeley Solar Group.

In addition, the low-income urban house will be thermally analyzed to assess for 

the use of a typical Colombian building material called "Guadua”, a bamboo specie, that 

has been used in Colombian residential buildings since the past century.

The thermal analysis of these case studies will provide an approach to the idea 

that the vernacular rural houses, built by indigenous and peasants, have been thought to 

fulfill their thermal needs more than the modem urban housing developments.
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II. GENERAL CHARACTERISTICS OF COLOM BIA’S RURAL HOUSES

Rural houses have strong relationships with the environment and their 
surroundings; there is more integration between indoor and outdoor spaces in the hot- 
humid climates. The social life of people of these regions is outdoors more than people 
living in cold climates.

The architectural style of rural houses ranges from vernacular to modem. In hot- 
humid regions, houses have two major problems for inhabitants: the avoidance of 
excessive solar radiation and the evaporation of moisture by breezes. To solve these 
problems, the indigenous people built their villages allowing for free air movement and 
mixing the units with the shade of surrounding trees.

Some indigenous dwellings have large gable roofs covered with straw to insulate 
and shade against the sun, as well as large overhangs to protect them from rainfall. Such 
dwellings have raised floors to keep them dry and no solid walls to allow air circulation, 
(fig. 4-1).

In addition, rural houses of non indigenous groups are also good examples of 
vernacular architecture in this climate. They are built with site materials like straw, 
rammed earth, mud, bamboo (Guadua), organic fibers and round timber. Single story 
houses are predominant.

On the other hand, in cold regions the main need is to maintain warm houses to 
give thermal balance between the exterior and the interior spaces for their inhabitants. 
Also these dwelling are single story made of traditional materials such us brick, adobe, 
rammed earth, concrete blocks, asbestos cement tiles, metal sheets, and wood or metal 
windows and doors.

Figure 4-1 Raised floor for ventilation and protection from rain 

A. TYPES OF RURAL HOUSES AND THEIR SPACE DISTRIBUTION 

1. Hot-Humid “Neiva”

From the point of view of space distribution, the basic units of a dwelling are the 
bedroom, the living room and the kitchen. These basic units are individual buildings 
located either lengthwise, in an angle or separated, one in front of the other; usually the 
units are rectangular (fig. 4-2). Primarily, one building consists of a bedroom, living 
room and kitchen . When a second building is built, normally the kitchen is an addition



94

to the main dwelling without corridors and sometimes joined to the roof. Kitchens have 
lower walls than bedrooms, with lattice work or jalousies, to allow ventilation on them.

The construction of these houses is based on site materials. One of the most 
common rural house building material is “Guadua”. This material is a bamboo specie 
found in Colombia. Its canes have a circular cross-section and are comprised of stems, 
with nodes and intemodes. The stems consist of thick walled fibers of 0.75 in. that 
constitute 60 to 70 percent of the bamboo's weight. The hollow cylinder space of the 
stems are the intemodes, located among nodes (fig. 4-3). Nodes are the insertion points 
of shed leaves which are used as a form of reinforcement to increase the resistance of the 
cane against splitting and bending. The average height o f a “Guadua” stem is 59 feet (18 
meters) to a maximum 131 feet (40 meters) high. Its diameter is between 4 to 7” (10-18 
cms.). The stem thickness is 0.78” (2 cms.). This specie of bamboo has a relatively high 
resistance to both rot fungi and wood eating insects. The structure of a house made of 
Guadua is similar to the “Balloon Frame” north-American building system. The bamboo 
or Guadua frame behaves very well in case of an earthquake as result of the relatively low 
weight and elastic structure of this material.

Three spaces

Figure 4-2 Location of the basic units in hot-humid rural houses
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The slab on grade of these rural houses is made of stone mud and cement. This 
slab is placed in a ground excavation, up to half of its thickness. The other half is above 
surface level and its finish has to be stone or cement. The reason for this is because the 
lifetime of “Guadua” or any type of bamboo depends on the contact with the ground. 
When there is direct contact with the soil, fungus and termites, wood eating insects or 
other kinds of animals such as rats affect the bamboo, destroying it. There are different 
types of bamboo treatments against fungus, insects, and fire such as water leaching, 
Boucherie process, hot and cold baths etc. (see United Nations, 1972, for more 
information).

The floors of these houses consist of supporting beams, joists and when the floor 
covering is made of bamboo the distance between joists and the ground level should be at 
least 500 mm. This space between the floor and foundation avoids the direct heat transfer 
through the slab from the ground to the interior of the house (fig. 4-4). Also, it raises the 
house to take advantage of the wind. However, in some houses the floor is the same slab 
on grade covered with cement and soil compacted until it shines.

After the foundation, framed walls are raised from the floor beams. This frame is 
similar to the Balloon Frame North-American system of house construction. The frame is 
built with columns and the trusses and purlins are all made of bamboo. There are many 
systems of walls made of “Guadua”. Two of the most common wall systems in Colombia 
are the “Quincha” and Bajareque “Guadua” walls. The “Quincha” is also called “wattle- 
and-daub-wall” system (fig. 4-5). It has “Guadua” stems as columns placed every 2 feet 
with flattened bamboo (vertically or horizontal bamboo mat) that are fastened to the 
columns through laths and nails. This flattened bamboo is placed on one side of the 
column or on both sides of the column axis. The bamboo columns and the flattened 
bamboo are covered with plaster made of mud and organic fibers. The thickness of this 
wall is close to 3 inches.

Figure 4-3 “Guadua” cane
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Figure 4-4 Detail of supporting beams and joist of the “Guadua” floor

H attenLe d

E L M B D O

B A M  B o d  
G u P F cm s

L oiaJ

Figure 4-5 “Quincha” Wattle and Daub wall system

Similarly, the Bajareque walls have a distance of 1 foot between “Guadua” 
columns, the horizontal flattened bamboo is placed on both sides of the columns through 
nails and wires. The space among the mats is filled with mud, straw, and organic fibers 
and as finishing material they are plastered with cow manure and mud which helps to 
avoid fire, whereas other fire resistant chemical treatments could be used. The fire 
resistance of “Guadua” is higher than that of the timber building of equal cross-sections.
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These walls are close to 6 inches thick (fig. 4-6). In addition, the Bajareque wall 
construction which is more massive than wattle and daub “Quincha” but less massive 
than rammed earth or adobe is earthquake resistance

Equally, there is a difference between walls for living spaces and walls for 
kitchens. Kitchen walls are framed with bamboo and filled from the bottom to the half of 
the total height of the wall, without exterior plaster (fig 4-7). The reason for this is to 
allow cross ventilation within the space and thus, to take away the heat gain from the 
oven and stoves that operate with burning wood in the rural houses in Neiva's region.

Figure 4-6 Bajareque Walls details

Windows, doors and their frames can be made of bamboo also. The windows do 
not have glass, they are closed with bamboo or wood shutters. However, windows and 
doors made of bamboo are not strong and safe enough to avoid burgleless from opening 
them with a knife and/or a screw. Therefore, during the last 10 years for security matters, 
frames, windows and doors are made of wood and/or metal sheets.

In addition, the pitched roof of these houses is structured with burned oil treated 
timber covered with lashed or nailed flattened bamboo supporting the fronds of palm 
trees. Similarly, there are bamboo roofs as system of purlins, rafters and tile laths bearing 
a roof cover of grass, palm leaves etc. A bamboo roof may also be constructed as a 
covering for the house using bamboo halves. In some cases metal sheets of roofing are 
covering the flattened bamboo for a watertight roof, which is very important in tropical 
regions. All of these roofs have eaves that protect the walls from rain and solar radiation.
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Also, they allow the flow of air into the building interior and the penetration of the 
indirect light into places in areas where direct solar radiation is strong (fig. 4-8). Rural 
houses have no verandahs around them.

Figure 4-8 Ventilation and interior illumination of rural houses

The use of space in a rural dwelling is characterized by the relationship between 
great exterior space and the space between the other basic units. Exterior spaces are 
shaded by trees and there are big tables made of Guadua, used to dry grains, as well as 
benches. These exterior spaces are an extension of the living area and always offer 
natural ventilation cooled by the trees shade

For decoration, houses use lightly colored wood frames (doors and windows), and 
exterior walls. The light colors reflect the solar radiation, avoiding overheated walls. 
Equally, inside the houses there are light colored walls, and the dark color of the structure 
of the roof that produces contrast among the colors of the dwelling. The ground cover 
around the house depends on the season, if it is wet or rainy, the ground cover is greener 
than during the dry season. During the dry season the ground cover turns light brown. 
These are the main characteristics of rural houses in hot-humid zones.
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2. Cold Climates “Bogota”

On the other hand, in cold climates such as Bogota, the construction of rural 
houses is made of brick and metal sheets. These are materials that are available in this 
area because the brick factories that supply the building industry of Bogota are located 
there. Also, dwellings have adobe walls and loamy clay tiled roofs. They have a 
traditional style of architecture because of the use of man-made materials.
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basic structure 
one space, one side entry 

two spaces, two entries on 
one side

three spaces, and three entries 
on one side

spaces with entries on 
both sides

spaces with entries from 
different sides

spaces with a common 
hall for entry

perspective

Figure 4-9 Types of rural houses on cold climates.
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The predominant single floor plan of houses is based on a rectangular shape with 
or without verandah. Also, there are two types of space distribution. One is like a 
"chicken coop" of early origin and the other is the traditional or late origin that consists of 
adding a corridor that connects all rooms. In addition, different forms of space 
distribution such as buildings forming right angles or other distinct positions are found in 
this region (fig. 4-9). Most houses are built with pitched roofs over rectangular floor 
plan, and sometimes it is possible to find some with hip roofs.

Normally these houses have painted plaster ceilings that enclose the spaces, 
keeping the heat within the building interior. Doors are the most common wall openings 
with a few small windows. The adobe and brick walls are used as heat storage. In general 
the vegetation is basically bushes, grassy areas and big trees such as “Urapanes”, “Siete 
cueros”, Pines, and Eucalyptus. Usually they are not near the dwellings because people 
use the sun's rays to heat themselves when they are in the corridors .

Rural houses in cold regions have a brick facing and sometimes light colored 
painted walls as decorative elements. The interior living space is used as a social place, 
but the kitchen, the corridor and the exterior space are considered the most useful and 
important spaces in these houses.

Generally, the equipment that produce heat in the main units of these rural houses 
are television sets, radios, electrical lights and the occupants. In the kitchen are the stove 
and oven.

B. HOUSES AS A CULTURAL PROBLEM

Recently, the original vernacular architecture of hot-humid rural houses has 
changed. Security problems have forced kitchen and opening materials to be changed 
from wood or bamboo to strong metallic materials. Moreover, kitchen walls are plastered 
with mud, cement and bamboo leaves to enclose them. This arrangement increases the 
heat storage capacity and prevents adecuate ventilation.

In the cold region of Bogota, rural houses are very close to the city and are losing 
their identity and cultural values. An example of this is the change from the small
holding peasant (the old life style of this population) to the big agriculture industries, 
town properties and new urbanized areas. Recently, the peasants of the savanna area are 
living in an uncertain state because of the high cost of living and security problem 
because of the Bogota urban neighborhoods.
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III. THERMAL ANALYSIS OF TWO CASE STUDIES OF RURAL HOUSES

A. DESCRIPTION OF THE SELECTES RURAL HOUSE IN A HOT-HUMID 
REGION

A rural house in the hot-humid region of Neiva was chosen as a case study. It is 
located in a plain terrain in which the prevailing wind blows from the south-east to the 
north-west. The main unit (bedroom and living room) of the rural house in this region has 
a rectangular shape with its longer sides facing east-west. The second unit, the kitchen, is 
oriented with the longer sides facing north-south. These two units form a right angle but 
with short spaces between them (fig. 4-10). The bathroom is not included among the 
main spaces, usually it is outside and set apart from the house. The house is surrounded 
by mangos and other types of trees that are located at the east, south-east and north-west 
comer of the house. It is arranged in a single story dwelling with a total area of 106 ft2 
(32.30 m2) and a height of 9 feet (2.75 meters), it is shown in figure 4-11. This rural 
house is designed to accommodate one family a maximum of four, two adults and two 
children. This family grows pigs, has com crop, bakes special biscuits, where everything 
is for sale. Also, it has a small orchard and vegetable garden.

Figure 4-10 Hot-humid rural house location and floor plan.

These rural houses are built with site materials like straw, timber, bamboo 
(Guadua), mud, cow manure, and soil. The house sits on a slab on grade made of stone 
and mud. Walls are of the “Quincha” type made of “Guadua”. The structure or bamboo 
framework and the flattened bamboo is plastered with mud and cow manure (fig. 4-5).
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The thatched roof is made of round timber, covered with the fronds of palm trees. 
It is a pitched roof with extended eaves all around the house. The floors of the rooms are 
made of bare soil which is compacted with cement until it shines. Frames, doors and 
windows are made of solid core wood.

Figure 4-11 Elevation, cross-section and thermal characteristics of the hot-humid rural
house

1. Thermal Characteristics

The typical rural house in hot-humid regions has no insulation on the building 
envelope materials such as walls, slab or roof which control the heat gain from external 
forces. The 4" thick slab is made of stone, mud and cement. The walls are 3” thick 
“Quincha” walls, with a lime wash coat inside and outside, that reflects solar radiation, 
avoiding overheated walls. These walls and slabs are considered thermal mass which 
have low thermal resistance capacity. The pitched thatched roof allows the entry and 
escape of air through it, but it causes troubles during the rainy season (fig. 4-12). For 
maintanance, this material must be replaced frequently. Otherwise, the peasants have to 
repair the leaking areas of the roof with aluminum sheets that reflect solar radiation when 
they are new. which also represents additional cost and time. For this reason the peasants 
try to repair the leakage with other kinds of site materials such as a mix of flattened
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bamboo with mud on the top. Also, the large eaves of the roof protect the house from 
solar radiation and rain.

In addition, the small east-facing window (inlet) has no glass; it has a wooden 
hinged outside shutter. When it is open the house receives morning solar radiation that is 
stored on the cement floor. That heat rises and escapes through the thatched roof. The 
light brown color of the bare soil floor (ground cover) reflects 18% of the incoming solar 
radiation toward the walls and opening (Watson, 1983). Through the jalousie opening of 
the kitchen and the opening (door) of the main unit wind is received oblique to the inlet 
window because the prevailing wind flows from southeast to northwest. In the living 
room of this house the flow of air circulates throughout the entire space because air 
movement is oblique to aligned inlet and outlet openings. The large size of these 
openings is ideal for maximum ventilation (fig. 4-13). The air movement and maximum 
ventilation would not occur if the window that is small was placed above the central part 
of the wall without an aligned outlet opening (fig. 4-14).

Figure 4-13 Airflow circulation inside the house

Plan view
Figure 4-14 Air velocity according to opening sizes
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Elevation

Figure 4-15 Air velocity according to opening sizes

This window location causes the direction of the airflow upward instead of 
downward. The downward airflow direction provides a cooling sensation at the level of 
seated people. However, because the inlet opening is smaller than the outlet opening 
(door), air velocity may increase within the space near the inlet opening (fig. 4-14). 
Moreover, the kitchen’s orientation and the placement of the openings allows the flow of 
air to circulate upward in the whole space, keeping odors and smoke away from the living 
area (see fig. 4-15). Also, mango trees and other vegetation located to the east, south and 
west sides of the house protect the dwelling, reducing the heat load on those surfaces by 
obstructing the passage of solar radiation during early morning and late afternoon. The 
reason is because vegetation in hot tropical regions grows sufficiently in height to shade 
and protect the roof from solar radiation and allow free air flow underneath. Trees also 
increase the percentage of relative humidity through evapotranspiration. For this reason, 
the location of trees and the wind direction should be taken into consideration. Among 
the trees found in this region are Acacias, “Samanes, Naranjuelos, Ficus”, fruit trees, 
palm trees, and others.

The internal heat gain is associated with appliances, electric lights and occupants. 
According to the living patterns of the occupants, during the morning, the cool outside 
temperatures are thermally balanced for hard work done by the peasants in the morning. 
Women are in the kitchen baking biscuits and the men are in the field taking care of the 
crops and pigs. Before noon when they take the “siesta”, they prefer to stay on the 
benches outside of the house and under the trees shade which give coolness sensations 
within the house.

B. DESCRIPTION OF A RURAL HOUSE IN A COLD REGION

A typical rural house in this region is composed of two units in a single story 
dwelling consisting of 2 bedrooms and a living room as the main unit. The second unit
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consists of a kitchen and another room used as a storage or working room (fig. 4-17). 
This house is about 380.5 ft2 (116 m2) with a height of 6.6 feet (2 meters). Most of the 
rural houses are rectangular in shape, in this case with its longitudinal axis oriented 45° 
northeast /southwest (fig. 4-17). The dwelling is designed to accommodate a family of 
six, two adults and four children. The finishing materials are stone and cement slab, brick 
walls, cement-asbestos and/or metal sheets with a pitched roof of swan timber structure, 
with metal frame windows and solid core soft-wood doors (fig. 4-18). The Floors of the 
rooms are made of tongued and grooved dark wood. Also, rural houses have plastered 
ceilings.

Figure 4-16 Location of a rural house in Colombian’s cold region (Bogota)

kitchen

bedroom

living room

bedroom

Figure 4-17 Floor plan of the cold climate rural house

1. Thermal Characteristics

A typical rural house in the cold tropical climate of Colombia has no insulation 
materials on the walls, slab, or roof. The 6” thick brick walls are plastered with light
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colored paint on both sides of the walls. This light color on the outside walls reflects 
more solar radiation than dark colors. However, plaster layers increase thermal 
resistance of the walls, compared to the brick wall itself. The pitched dark cement- 
asbestos roof absorbs most of the incoming solar radiation and keeps it in the space 
between the plastered ceiling and the roof. In addition, the roof has short overhangs that 
protect the dwelling from rain, and allow the entry o f the sun’s rays through the house 
openings. This heat is stored in the dark wooden floor which is 1 inch thick (1:30 
minutes time lag, see table 3-1), and on walls to be radiated when temperature goes down. 
However, the wood capacity for storing heat is low and it releases heat. Also, the 
plastered ceiling helps to store the gained heat accumulated in the upper parts of the 
interior and releases it at night. Another surface that absorbs the incoming solar radiation 
is the dark gray color of the concrete sidewalk that surrounds the house. This heat is 
transferred in and out of the house through the uninsulated slab.

Figure 4-18 Elevations of the cold climate rural house
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Figure 4-19 Thermal characteristics of the cold climate rural house
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In addition, the amount of solar radiation received through the window openings 
is small because of their small size, and the fact that there are only a few, and their 
placement on the southeast and northwest are not ideal for this climate. Doors are larger 
and located on the southwest which allows direct sunlight to penetrate into the main unit. 
The second unit (kitchen and other room) is a closed space that stores the heat produced 
by the oven and the stove to maintain balance between inside and outside air 
temperatures. In addition, wind flows from the southeast to the northwest hitting the 
short sides of the house perpendicularly (fig. 4-14). The bedrooms and the living room 
have openings and an inlet window perpendicular to the wind that must be closed during 
strong winds. Vegetation near the house is characterized by grassy areas and small 
bushes; they allow the passage of solar radiation, and thus, increase the heat load on the 
roof and walls (fig. 4-19).
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IV. THERMAL IMPROVEMENT OF RURAL HOUSES THROUGH ENERGY
CONSERVATION STRATEGIES

To achieve thermal comfort inside a house, the internal and external forces that 
affect the house and its inhabitants must be considered. The internal forces are produced 
by the occupants and their activities, lights, and all the equipment that generates heat. The 
external forces are factors o f the microclimate such as air temperature, humidity, air 
movement, and solar radiation. In order to have a thermally balanced house, both 
external and internal forces (fig. 4-20) must be in balance, and thus achieving thermal 
comfort for the occupants. Furthermore, the microclimate can be modified by the 
orientation of the building, its location and its shape. Rural houses are located in open 
sites having less solar and/or wind obstructions than urban houses.

A. RURAL HOUSE OF THE HOT-HUMID REGION 

1. Building Orientation, Location, Shape, and Envelope Materials :

In the hot-humid rural case study, where cooling is needed, the location of trees 
blocks the sun and airflow on the south, and southwest (outdoor space) where shade and 
ventilation is needed. To solve this problem, this house must have big trees where they 
can shade the roof and allow free airflow under the canopy. In order to decrease heat gain 
due to solar exposure of the target house, its orientation could be changed to north and/or 
northeast, having short facades oriented east and west (fig. 4-21). However, it is more 
necessary to protect the house from direct sunlight and to get air movement inside the 
house. Vegetation in this climate is abundant and important. Through it, air movement 
can be controlled, it provides shade, prevents erosion and gives a sensation of freshness 
and coolness. It has to be utilized one of the tools for thermal control in this climate. To 
illustrate this on the studied house, if medium to high hedges (more than 4 feet) are 
planted outside an inlet window, they will deflect air into the house (fig. 4-22). Also, 
having trees located parallel to the wind direction, the airflow will channel to the house.

Figure 4-20 External and Internal forces
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Therefore, the air velocity will increase toward the house by ‘Tunneling” air into 
openings.

Figure 4-21 Recommended house orientation for hot-humid rural house

Similarly, using louvered overhangs over the east openings (inlet) will deflect and 
provide downward airflow, where it is desired. This type of overhang can be made of 
Guadua (fig. 4-23). To supply the needed air movement inside the house, which will it 
must have a larger outlet opening in the opposite wall at a lower level, to create air 
movement at bed level and obtain maximum air velocity within the interior space.

Figure 4-22 Elevation showing High hedges deflecting airflow toward the interior

Figure 4-22a Plan view locating the High hedges deflecting airflow toward the interior



110

Figure 4-23 Louvered overhangs for downward airflow

Furthermore, the roof may have ventilation on the ridge to take away the hot air, 
using polished metal and/or zinc sheets as roofing materials to reflect incident solar 
radiation. Conserving the thatched roof and adding a layer of another roof made of 
polished zinc sheets over timber as rafters will make it insulated, waterproof, and vented, 
allowing hot air to escape from its upper structure. Moreover, the roof must have an 
overhang to shade the walls as well as openings. For this case study the length required 
for the overhang depends on the height of the window and/or wall at a specific time and 
latitude. At 2° N latitude in this climate, shading is needed for all facades.. Using the 
sun-path diagram of this latitude (fig. 4-24), and 62° as lower solar angle at noon in 
December, (fig. 4-25) 3 feet (1 meter) was determined as the projection of the roof 
overhang for this house.

In addition, rammed earth and “Quincha” walls must have protection from 
incident solar radiation because these wall materials are thermal mass. Normally, these 
walls make use of the thermal mass to balance the extremes of the ambient outdoor air 
temperatures. The indoor temperature will be between high and low outdoor 
temperatures. For instance, if a wall receives direct solar radiation every day, it will store 
that heat even though the temperature is low. Temperatures of the exterior surface of 
these walls are always higher when they receive direct sunlight, unless there is wind 
which reduces this effect. For this reason, rammed earth and “Quincha” walls must be in 
the shade to have a cooling effect and never receive direct sun rays in hot-humid climates 
(see fig. 4-25 overhangs).

Furthermore, white and/or light colored paint on walls reflects solar radiation 
when it strikes them. Equally, doors and window shutters shall have light colors when 
they are closed, they stop solar penetration, can deflect the wind and protect inhabitants 
and house from burglars. At the same time, the ground cover should alternate between 
grass and bare soil to decrease solar reflection to walls and openings. Moreover, this 
ground cover shaded through vegetation provides fresh air for outdoor activities and the
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entry of that air into the house produces a cooling effect (fig. 4-26). This cooling effect is 
prolonged within interior space due to air movement.
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Figure 4-24 Sun-Path for 2° N Latitude
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Figure 4-25 Solar altitude angle for 2° N Latitude rural house

Figure 4-26 Porous concrete paving

Floors should also be light colored too to avoid heat absorption, which will be 
released later. This is recommended for both units of the dwelling.

The major internal heat gains are associated with occupancy, electrical lights and 
equipment (fig. 4-27). First, internal gain generated by occupancy is related to the 
internal metabolic process of the body which varies with activities. In this case the 
internal heat needed for the house inhabitants is during cool early hours of the mornings. 
It is produced by themselves due to the activities such as working in the com fields and 
the pigs pig pen. Also the wood combustion in the stove and oven produces heat that 
warms the kitchen and surroundings.

Second, the internal heat gain associated with electric lights depends on the type 
of light, their number, the amount of watts and the hours of use. In this case study, house 
lights are standard of 60-100 watts; the people have a TV, a stereo and sometimes use 
fans to have air movement inside the house.

In summary, the following are the applied energy conservation strategies to 
improve thermal comfort in this hot-humid climate rural house: north and/or northeast for 
building orientation, larger outlet openings protected by 3 feet roof overhangs, and roof 
shaded by trees. These big trees shall be located parallel to the wind direction and toward
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the inlet opening. Also, the house will be provided for a layer of polished metal sheets 
for another roof, and a louvered overhang located over the east opening. In addition, high 
hedges are planted outside of the inlet window. These strategies will provide thermal 
comfort for the occupants implementing some viable strategies and, according to the 
peasants needs, facilitating and accomplishing their social and cultural values.

B. RURAL HOUSE OF THE COLD REGION

Heating is clearly needed in a cold climate to achieve thermal comfort inside the 
rural case study house, and both external and internal forces must be considered. For this 
reason, building orientation, its location, and its shape, as well as the building envelope 
materials will be analyzed.

1. Building Orientation, Location and Shape:

To receive direct solar radiation into the house, its location should be oriented true 
south or rotated between 5° to 20° south-west (fig. 4-27). The reason for this orientation 
is to take advantage of the sun on the southern facade, and to heat the interior spaces of 
the target house such as the bedrooms. Also, one bedroom and part of the living room 
will receive morning sunlight and the other bedroom and the other part of the living room 
will receive afternoon solar radiation. To effectively get this energy inside the house, 
openings must be bigger but protected from cool winds; the wind in this area blows from 
the southeast to the northwest.

Figure 4-27 Recommended house orientation for cold climates



Vegetation, such as a low hedge (3 feet or 1 meter) located 10 feet away from the 
inlet opening and also, a tree located 20 feet from the comer o f the house (fig. 4-28) is 
used. They will deflect airflow up over the roof and their location will let the house 
receive direct sunlight. Similarly , another wind break that would be useful in this house 
is having a vertical fin or vertical panel located on the left hand side of the east window 
and on the left side of door opening (fig. 4-29). The size of the vertical fin should be 
equal to the width of the opening. Also, if these wind breaks are light colored they will 
reflect afternoon solar radiation through openings toward interior space.

Figure 4-29 Vertical Fin for wind deflection on the cold rural house
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2. Building Envelope

To improve the thermal storage of the building envelope materials of this house, 
the corrugated cement-asbestos sheets for the roof and the plastered ceiling should have 
dark paint on the outside of the roof and inside of the ceiling. This way, the roof will 
absorb heat from the sun and the ceiling will do the same but from the interior space, such 
as from the heat gained through windows, also from the dwelling occupants lights and 
equipment. At the same time, increasing ceiling thickness, 10 inches, instead of the 
existing 5 inches, will improve its thermal resistance capacity. Similarly, roof eaves 
should be short, approximately between 1 to 1.5 feet, to protect the house from rain 
without blocking solar access.

Another part of the building envelope is the 6” plastered brick walls. Augmenting 
their thickness to 12” and painting them with dark colors, the thermal resistance as well 
as the time lag for cooling down will increase (see table 3-1). For another thing, the heat 
loss of walls by convection will decrease. Openings should be open from sunshine to 
sunset; after that, they have to be closed with heavy curtains and outside shutters to avoid 
heat loss through them.

These openings also receive reflected solar radiation from the ground cover, 4 feet 
wide light gray concrete. This is located around the south side of the main unit and at the 
north side of the other unit. Knowing that heat loss through the slab and the wooden floor 
of the house is considerable, even though wood insulates very well, it has low thermal 
conductivity as well as low thermal diffusivity. Therefore, this house must have a tiled 
floor as a heat absorbing material, laid on the stone-cement slab. Also, the heat stored in 
this flooring material is from the sun, (external heat gain), lights, equipment and 
occupancy (internal heat gain). The heat gain from equipment is based on the television 
set, a stereo, radio, and from the stove and oven, for this case study, but other countryside 
rural houses, lack electric energy. However, they use kerosene and/or other non
renewable fuels for electricity generation. Those products yield heat as well as odors and 
pollution that affects the health and comfort of the occupants.

In summary, the following are applied energy conservation strategies to improve 
thermal comfort in this cold climate rural house:
1. True south or between 5° to 20° west of south for building orientation,
2. Bigger windows protected by a low hedge and trees located at the southeast comer of 
the house,
3. Vertical fins on windows to deflect cool winds out of the house.
4. Increase ceiling and wall thickness and have tiled floor to improve thermal resistance 
capacity.
5. Insulate windows with curtains and outside shutters to keep the heat inside the house, 
these strategies will provide thermal comfort for the occupants.
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V. THERM AL BALANCE OF THE TWO CASE STUDIES OF URBAN HOUSES

In this section an urban middle-class row house of Neiva and Bogota will be 
described and thermally analyzed, also some energy conservation strategies will be 
recommended to achieve thermal comfort inside the houses. The urban house is 
originally designed for the hot-humid climate of Neiva where a cross ventilation strategy 
to improve the comfort within it, will be applied. The same urban house will be analyzed 
based on the cold climate of Bogota. Also, design assumptions will be given and a 
number of energy conservation and passive solar heating strategies will be recommended 
and modeled through CalPasS. CalPas3 is a computer energy simulation program 
developed by the Berkeley Solar Group in California.

In addition, another case study will be analyzed, energy modeled and improved 
through energy conservation strategies. This case is a low-income row house of Bogota. 
The importance of this is the utilization of “Guadua”, a building material commonly used 
in the Colombia’s residential construction industry.

In the case studies of rural houses and in the urban house of the hot-humid region 
of Neiva the energy conservation strategies have been considered and in the urban case 
for cold climate of Bogota have been taken into account both, the energy conservation 
and the passive solar strategies which best fit the economical, social conditions and 
cultural values o f the people in Colombia.

A. MICROCLIMATIC MODIFICATION AND THERMAL BALANCE FOR A CASE 
STUDY DESIGN OF AN URBAN HOUSE IN NEIVA, HOT-HUMID 
CLIMATE

This section will analyze the thermal effect o f internal and external forces of a 
typical middle-class row house of the Neiva region. After this analysis, design 
assumptions based on the different factors of the studied microclimate fulfilling the 
bioclimatic needs of this region, as explained before in chapter 3, will be given. The 
design assumptions considered will mainly be on the house envelope, that is affected due 
to the microclimatic changes. Thus it, is important to know the envelope function, 
location, orientation, shape, materials, shading devices and the internal gains.

1. Envelope Function

Buildings are designed according to their function, varying in their envelope 
design. For instance, designing for commercial purposes is different than that for 
residential, educational or industrial purposes. In this case, the envelope function is 
related to a two story middle-class residential attached house. The house is designed to 
accommodate two families, one family of 4-5, 3 adults and 2 children, and the other 
family, of 5-6, 3 adults and 2-3 children. One family’s house-unit is comprised of 3 
bedrooms, a living-dining room, 2 bathrooms, a kitchen, a laundry area, a patio and a 
maid room (see A in fig. 4-30). The other house unit is composed of 3 bedrooms, a study 
room, living and a dining room, 3 bathrooms, a kitchen, a laundry area, a maid room, 1
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courtyard and 2 patios (see B in fig. 4-30). The first unit is 456 ft2 (139 m 2), and the 
other is 620 f t 2 (189 m 2), by 8.85 feet (2.70 meters) height, see elevations on figure 4-31. 
The families which live in this house follow the living patterns described in chapter 2
(fig. 2-17).

C M *  N M D  R o o m -

1st Floor
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North Elevation

West Elevation

Figure 4-31 North and west elevations of a urban house in the hot-humid climate 

2. Envelope Location, Orientation and Shape

The house is located at the lower part on the west side of a hill in the urban area of 
Neiva (fig. 4-32). The wind blows from south to north and also, it blows downward of 
the hill at night bringing fresh air that gives a cool sensation. For this study, the available 
climatic data such as wind speed, air temperature, etc., has been taken from the city’s 
airport records.
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This urban house is oriented south-north, having short facades located at east and 
west. In general, this orientation is recommended for this climate but there are other 
factors of microclimate that can modify the recommended house orientation such as wind, 
for example.

Another important part of the location is the trees. These trees are placed on the 
west and north side, 9.84 feet (3 Mts.) from the house. They are high branching so they 
do not obstruct the air movement. A typical middle-class house of Neiva has a 
rectangular shape, even though sometimes this shape is not located at the right
orientation, as it was explained before.
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lllaundry '•  patio
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studio
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Figure 4-32 Location and orientation of the hot-humid urban house 

3. Envelope Materials:

The target house finishing materials are commonly used in the residential 
construction industry in Neiva, such as 6” concrete slab on grade, 9.8” brick walls 
plastered and painted white, on both sides. Also, this house has another type of wall 
located below fenestration on the main facade, north elevation, it is a brick face wall dark 
brown in color on the outside and stucco plaster white on the inside. In addition, it has a 
corrugated zinc metal pitched roof, brown wood colored tongued and grooved ceiling 
with a 3’ air gap in between, and light colored tiled floors. In addition, the house has 
single glazed metal frame windows and metal dark colored doors. On the upper part of 
all openings there are metal fixed louvers allowing the entry of wind flow through them 
(fig 4-33). In Neiva, middle-class housing, does not have either insulation materials or
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any dehumidification treatment on walls, slab or roof. The level of humidity in the 
houses is low and have no consequences at all.

4. Shading Devices:

Shading devices play an important role in this climate. In this case study, 
overhangs between 3 and 4 feet protect openings such as windows and doors on the main 
facade, north side, and interior windows on the west side (3’). Figure 4-28 shows the 
lower solar angle (64.5°) which strikes the house facades, and how overhangs protect 
walls and openings from direct solar radiation all year-round. However, for this climate it 
is also necessary to protect the surrounding floors, avoiding reflected solar radiation 
toward the interior space, and more over, light and white colored ground cover which is 
in the target house. This solar protection should be through horizontal and vertical 
architectural elements such as eggcrate shading devices.

Permanent
openings

Figure 4-33 Facades showing the fixed louvers (permanent openings)
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West Elevation

Figure 4-34 Lower solar angle for 2° N Latitude 

5. Internal Gain of the envelope 

a. Heat gain from occupants and lights

The internal heat gain factors are derived from occupants, lighting, equipment and 
machines, and solar gain. First, the occupancy load for this house is for the two families 
given a total of 6 adults and 5 children. At home they do activities such as: sitting down 
for rest, standing and eating, and having energy rate values of 361, 433, and 469 Btu/hr 
respectively. To know the total load of heat gain from the occupants, an average value of 
410 Btu/hr has been taken from table 1-1. This value multiplied by the number of 
occupants, gives us the total heat gain.

Occupants heat gain = Number o f occupants X  heat gain per person 
= 11 X 410

Occupants heat gain = 4510 Btu/hr

Normally, this value varies when the occupants are not at home, during working- 
studying hours as well as vacation time. Therefore, some adjustments according to the 
number of occupied hours per day should be made. To get the annual heat gain from 
occupants, the following equation could be used:

Annual occupancy X heat gain (Btu/hr) = Number o f occupants X number o f occupied
hours per day X occupied days per year X 
occupant heat gain (Btu/hr).

= 11 X 16 X 360 X 4510 
= 285.753,600 Btu/hr
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Another source of internal heat gain is from lighting factors such as electric lights, 
table 4-1 shows the optimum levels of illumination recommended for various task areas. 
This shows the appropriate illumination levels for the tasks to be performed, thus, a 
building can save more energy than having a uniform lighting plan. To know the heat 
gain from lights, table 4-4 and the following equation can be used:

Heat gain (Btu/hr) = Foot candles/ft2 X area (ft2) X .06 watts/foot-candle X 3.41 
Btu/hr/watt.

= 15.9 X 973.16 X 0.06 X 3.41 
= 3165.82 Btu/hr

TABLE 4-1 OPTIMUM LEVELS OF ILLUMINATION RECOMMENDED FOR 
VARIOUS TASKS

Task Areas Foot- 
candles on 

Tasks
OFFICE
General 100
Drafting 150-200
Accounting 150
Conference 30
Rest room 30
Elevators, Stairs,
Corridors

20

Lobby 50
COMMERCIAL
Merchandising 100-200
Restaurants (public
spaces)

30-50

Kitchens 70
Circulation 30
INDUSTRIAL
Receiving 20
Fabrication 50-100
Detailed Fabrication 500-1000
Assembly 100
Inspection 50-100

Task Areas Foot-candles 
on Tasks

LIBRARY 
Reading areas 30-70
Card File Areas 100

CHURCH
Main Area 15-30
Altar Area 100

RESIDENTIAL
Living 10
Dining 15

Circulation 10
Kitchen 50
Task Lighting 50

EXTERIOR
Building 15-30
Parking 1-2

Source: The AIA Energy Professional Development, 1981.

For this case study, where cooling is needed, the use of light colors on walls, 
ceilings, and floors which reflect light and contribute to the general visual comfort of the 
interior space must be applied. Also, as an energy efficient strategy, the proper use of 
daylight instead of artificial lights is recommended because daylight provides better
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lighting quality in architectural spaces rarely equaled by artificial systems. For this 
reason, changing the ceiling color from dark brown to beige or light yellow, will improve 
the lighting quality of the interior spaces of the house and will decrease the ceiling heat 
absorption.

TABLE 4-2 INTENSITY OF ILLUMINATION AND FOOT CANDLES RELATED 
TO DIFFERENT TASKS

TASK INTENSITY AREA (Ft2) FOOT-CANDLES
Living Area 10 166 1660
Dining Area 15 89.6 1344
Circulation 10 260.7 2670
Kitchen 50 93.3 4665
Bathroom 10 72.3 723
Bedroom 15 291.2 4368
Task Lighting 50 50
TOTAL 973.16 Ft2 15,480

b. Heat Gain from Equipment:

The most commonly used equipment in residential buildings in Neiva are based 
on food service equipment, appliances and sometimes water heaters. For instance, table
4-3 shows the Btu/hr values of heat gain from this equipment. To know the heat gain 
from equipment, the following formula can be used:

Equipment heat gain (Btu/hr) = Equipment heat gain (Btu/hr/ft2) X area (ft2)
72,600/ 998.43 =

72,71 = Equipment heat gain (Btu/hr/ft2)

The total heat gain from appliances for the target house can be calculated in the 
following:

Heat Gain (Btu/hr) = 142970/21 = 5957.08 
Heat gain (watts/ft2) = 5957.08 /3.41 /  998.43 

= 1.75 Watts

c. Solar Gain Factors:

Another source of internal heat gain is from insolation, diffuse or direct, that is 
converted into heat inside a space. This sunlight penetration can be controlled through 
architectural elements, vegetation, as well as other types of building obstructions, 
minimizing and/or maximizing the heat gain. According to AIA 1981, there are three 
variables to determine the amount of solar heat that reaches the interior of a building: 
first, the amount of insolation available; second, the area exposed to insolation and third, 
the proportion of incident heat transported from outside to the inside.
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First, the amount of solar radiation is taken from available weather charts for a 
specific place such as “Calendario Meteorologico 1992”, used in this case. Second, the 
area exposed to insolation is related to the number o f square feet, or square meters of a 
particular building orientation. Third, the proportion o f incident heat transported from 
outside to the inside, depending on the material qualities to allow the passage of heat. For 
instance, on opaque surfaces, 10 percent of the heat can be transmitted to the interior, 
another example is, on single glazed windows, 80 percent of the heat can be transmitted 
to the interior. Table 4-4, shows heat transmission through glass (shading coefficients), 
for different types, thickness, thermal transmittance coefficient (U-value), also, the 
amount of visible light allowed through glass. In addition, to calculate solar heat gain for 
each orientation of a building, the following formula can be used:

Solar heat gain (Btu/hr) = Insolation (Btu/hr/ft2) X Exposed area (ft2) X
Transmission (percent).

Similarly, using the following formula the annual solar heat gain for each orientation can 
be calculated:

Annual solar heat gain (Btu/hr) = Insolation (Btu/day/ft2) X Exposed area (ft2) X
Transmission (percent) X Days per year.

TABLE 4-3. INTERNAL HEAT GAINS FROM APPLIANCES COMMONLY USED: 
IN HOUSES IN NEIVA

APPLIANCE MISCELLANEOUS
DATA

RATE OF HEAT GAIN 
(Btu / Hr)

Sensible Latent Total

Hours
per
day

E R ange M edium  duty (3 0 /3 2 /3 6 )
L T op 1 3 ,6 0 0
E O ven 6 ,2 0 0
C W ater H eater Fam ily o f  4 , W ith storage tank 3 ,8 5 0 1,650 5 ,5 0 0 0.5
T T oaster Pop-up , 4  s lic e s 2 ,2 3 0 1,970 4 ,2 0 0 0 .2
R C o ffee /B rew er Per Burner 7 7 0 2 3 0 1 ,0 0 0 1.0
I E gg  B o iler 2 cups 1 ,140 7 6 0 1 ,9 0 0 0 .2
C H om e com puter running 6 ,0 0 0 6 ,0 0 0 2 .0

R efrigerator standard 12 ft3 2 ,0 0 0 10.0

G R A N G E
A T op M edium  duty 3 2 ,0 0 0 3 .0

S O ven 2 0 ,0 0 0 0.5

TOTAL Total Heat gain X hours per day = 142,970

Source: ASHRAE Handbook Fundamentals, 1981.

6. Envelope Infiltration:

Infiltration is an uncontrolled air leakage through cracks and holes in building 
elements, particularly around windows and door frames. This air can flow in or out,



depending of the differences between indoor and outdoor air density and/or the pressure 
effects of wind. In the same way, openings in the building envelope are provided for 
ventilation intakes and exhaust. For this reason, there are tables which estimate the 
amount of ventilation recommended for a person (e.g. 10 cubic feet per minute, cfm), 
related to the building function.

TABLE 4-4 HEAT TRANSMISSION THROUGH GLASS

Glass Type Glass Width % Visible 
Transmission

% Total Solar 
Transmission

Shading
Coefficient

Clear single glazed 1/4” 89 78 0.95
Gray reflective 

single
1/4” 34 25 0.60

Clear insulating 
(double-glazed)

1” 80 59 0.82

Gray reflective 
insulating

r 30 29 0.47

In addition, heat gain/loss by infiltration depends on the number of air changes per hour 
and the volume of the building. The following formula is used to calculate the ventilation 
rate of a building, multiplying the constant (ventilation recommended for a person) by the 
number of occupants.

Ventilation rate = 10 (cfm/person) X  11 = 110 cfm

Furthermore, to calculate the number of air changes, the following formula can be used, 
also, converting minutes to hours:

Volume (ft3) X air changes /  hr /  60 min. = Total cfm 
where: Air changes / hr = Total cfm (60 min.) /  Volume (ft3)

Air changes /  hr = 0.7464

Note that the house has true openings, without any device or materials to close them, 
because one of the requirements for housing in hot-humid climates is to have appropriate 
openings to allow the entry of airflow to the interior space and the escape of hot air. 
According to table 4-6, the required cfm for residential units are between 7-10 for living 
areas and from 30 to 50 cfm for bathrooms and kitchens. For instance, to know the 
infiltration heat loss/gain, the following formula can be used:

Infiltration (Btu/hr/°F) = Ventilation rate (n) X Volume X Constant (0.018)
= 0.7464 OP
= 101.0 cfm

Oakley in his book "Tropical Houses", said, “buildings in the humid tropics can 
be expected to experience air changes of the order o f ten or more times these figures
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where rooms are open to the breeze”. According to this statement, the studied house has 
approximately 1,000 cfm air changes per minute, due to the permanent ventilation.

i .  Computer Energy Analysis

The design process for developing a thermal balanced urban house for hot-humid 
climates was based on the microclimate modification, shape, orientation and envelope 
materials analysis. To know the thermal performance of this house, the computer energy 
simulation program, CalPasS was used. In order to model the described urban house, 
base-case design an input file was created. The weather file corresponding to this case, is 
assumed as a hot-humid generic file similar to Neiva's climate. The input value for the 
wind factor used is 0.29, selected for an urban area. The white color of the tile and 
marble ground cover has 45% ground reflection of the sun’s rays toward the building and 
surroundings. The white 9.8” brick walls of south, north, and west walls have a U-value 
of 0.178 Btu/hr ft2 °F with a 0.25 absorptivity value. The low part of the north has a 
brown coat with 70% of absorption. The east wall U-value is neglected because the house 
is attached. The gray corrugated zinc sheets of the roof have an absorptivity value of 0.40 
and a U-value of 0.23 Btu/hr ft2 °F. The house foundation is a slab on grade with zero 
absorptivity and 0.9 R-value. The single glazed windows have a U-value of 1.11 Btu/hr 
ft2 °F, and on the north windows they have overhangs of 0.3 feet long. Figure 4-35 shows 
the house energy analysis.

TABLE 4-5 SOLAR HEAT GAIN VALUES FOR EACH ORIENTATION IN 0°
LATITUDE

Maximum solar heat gain factors Btu/(h«ft2)
O * N  Latitude Q * N  Latitude

N N C /N W e /w se /sw 5 H O R N N t / N W f / W se /sw S H O R

34 88 2 3 4 233 lie 296 32 71 2 24 242 162 273

Feb. 36 132 2 43 2 10 6 7 3 0 6 3 4 114 239 2 19 110 2 94

M o r. 38 170 242 170 38 303 37 136 241 184 53 300

A p f. 71 193 221 118 3 7 2 84 44 184 2 23 134 39 289

M a y 113 203 201 80 37 2 63 7 4 198 2 09 97 38 277

June 129 2 06 190 6 3 3 7 2 33 90 2 00 200 82 39 269

Ju ly 113 201 193 77 38 2 6 0 77 193 204 93 39 272

A uy . 73 187 2 12 112 38 2 7 6 47 179 2 1 6 128 41 282

Sep. 40 163 231 163 40 293 38 149 2 30 176 36 290

O c t. 37 129 2 3 6 202 66 2 99 33 112 231 211 108 288

N o v. 33 88 2 30 2 30 117 293 33 71 220 2 38 160 273

Dec. 34 71 2 26 241 138 288 31 34 213 247 180 2 64

This urban house has no mechanical system for cooling. The CalPas3 simulation 
o f the summer and winter, or in this case for the dry and wet operating modes, is 
controlled by the house indoor ambient temperatures rather than the seasons. The 
CalPas3 input file of this base-case house of Neiva is illustrated in figure 4-36. The 
operating cost of this middle-class house is based on the Neiva’s electricity company 
rates of $0,037/ Kwh for cooling system.
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% Thermal Performance Prediction

The thermal performance of this urban house in a hot-humid climate has been 
simulated using CalPasS. First o f all, the house was simulated as it was a compact 
conditioned house located in a hot humid region. Also, it was assumed to be a tight 
house with 1.0 air changes per minute. As a result, CalPas3 yielded an annual cooling 
load of 79507 Kbtu, and an annual source consumption of 36.39 Kbtu/ft2. In fact, the 
house has permanent openings that allow free air flow within it, with an infiltration value 
of 500 air changes per hour. The energy performance of the house with those openings 
through CalPas3 yielded an annual cooling load of 2694095 Kbtu and annual source of 
1233.3 Kbtu/SF.

Gray metal zinc sheets  
for roofing
U-val. = 0 .23  Btu/hr ft2 °F Single pane windows  

U-value = 1.11
Roof Overhang 
from 0 .3  to 3 .0  feet.

9.8" brick wall with 
plaster and white painted 

U-val. = 0.25
Permanent Openings 
5 0 0  ACH.

Brown brick face wall

Metal frame windows and doors
White marble floor 
65% reflectance

North Elevation

Figure 4-35 Thermal Characterstics of the urban house in Neiva

To improve the base-case performance, some energy conservation strategies have 
been selected as they best fit the economical and social conditions and cultural values of 
people from Neiva. The main objective is to continue with the permanent. Researches 
and studies of human thermal comfort in hot-humid tropical climates confirm that they 
achieved thermal comfort using natural ventilation instead of air conditioned systems. 
For more information see the article in the International Journal of Biometeorology 
"Thermal comfort in the humid tropics: field experiments in air conditioned and naturally 
ventilated buildings in Singapore, De Dear et all, 1991.

Therefore, First of all, to protect the house from solar radiation, it needs strategies 
such as longer window overhangs to defend more of the glazed areas and walls. It has
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TITLE Urban House (Nciva BaseCase Design) BY:Martha 
SITE LOCATION=Calle I8A #7-10 Colombia EAT: 2o N 
AZMSOUTH 0; House is oriented true south
GREFLECT JANGR=0.45 FEBGR=0.4S MARGR=0.45 APRGR=0.45 & 

MAYGR=0 45 JUNGR=0.45 JULGR-045 AUGGR=0.45 &
SEPGR=0.45 OCTGR=0.45 NOVGR--0.45 DECGR-0.45 ;&
assumed reflectivity value for while tile and grass g.c.

HOUT 3.69 ; average outside film coefT. 6.9 mph in Neiva 
HOUSE FL.RAREA-3276.64 VOL=290I7.92
ROOF AREA=740.04 AZM=0.0 T1LT=25.6 UVAL-0.23 ABSRP=0.4 ;&

R-4 73. absorp. value for grey corrg. zinc sheets 
WALL NAME=ROOF2 AREA=I354.5 AZM=I80 TILT=25.6 UVAL=0.23 & 

ABSRP-0.4 INSIDE=air; absrp. same as above 
WALL NAME=ROOF3 AREA=86.3 AZM=90 TILT=25.6 UVAL-0.4 & 

ABSRP^0.4 INSIDE=AIR; sofited absrp same as above 
WALL NAME=SOUTH AREA=583.04 AZM=0 TILT=90 &

UVAL=0.178 ABSRP=0.25 INSIDE=exwall ;& 
brick wall Absorp for while paint

WALL NAME=WEST AREA=785.2 AZM=+90 TILT=90 &
UVAL=0.I78 ABSRP=0.25 INSIDE=Exwall

WALL NAME=NORTH AREA=359.7 AZM=I80 TILT=90 &
UVAL=0.I78 ABSRP-0.25 INSIDE=exwall

WALL NAME=NORTH2 AREA=I2 3 AZM=I80 TILT=90 &
UVAL=0.178 ABSRP=0.70 INSIDE=exwall;absorp. dark brown 

WALL NAME=EAST AREA=339 8 AZM=-90 TILT=90 &
UVAL=0.178 ABSPP=0.25 INSIDE=exwall

WALL NAME=MainDOOR AREA=8.86 AZM=I80 TILT=90 & 
UVAL=I.O ABSRP=0.70 INSIDE=AIR ;&
Main door solid iron with dark brown paint 

WALL NAME=GarageDOOR AREA=27.45 AZM=I80 TILT=90 &
UVAL-I.O ABSRP-0 7 1NSIDE=AIR ;&
same as main door

WALL NAME=PatiDOOR AREA=8 86 AZM=90 TILT=90 & 
UVAL=I.O ABSRP-0.7 INSIDE=AIR ;&

WALL

SLAB

EXWALL
GLASS

same as main door
NAME=PERSLBLOSS AREA=I92 AZM=0 TILT=0 & 

UVAL-0.90 ABSRP=0.0 INSIDE=AIR ;& 
slab on grade with no slab edge insulation 

AREA-1633.32 THKNS-4 M ATERIAL-CONC140 &
HTAHS-1.3 RSURF-2.2 ;slab with tile

THKNS=I0 MATERIAL=BRICKCMN HTAHS=L5 RSURF-0
NAME=WISI AREA-25 81 AZM-0 TILT-90 &

NGLZ-I UVAL-I.I I GLSTYP-I XRFLCT-0.14 & 
RSHTR-0.0 TRSHTR-0.8 SCFWNTR-0 SCFSMR-1 ;& 
Metal, single w/light curtains / trees shading

SGDISTWNTR AIR-0.3 SLB-0.7 
SGDISTSMR AIR-0.2 SLB-0.8
GLSGREFLECT JANGR-0.45 FEBGR-0.45 MARGR-0.45 APRGR-0.45 & 

MAYGR-0.45 JUNGR-0.45 JULGR-0.45 AUGGR-0.45 & 
SEPGR-0.45 OCTGR-O.45 NOVGR-O.45 DECGR-0.45 ;&
Light color concrete Ground Reflectivity 

SGFACTORS JANSGF-0.5 FEBSGF-0.5 MARSGF-0.5 APRSGF-0.5 & 
MAYSGF-0.5 JUNSGF-0.5 JULSGF-0.5 AUGSGF-0.5 & 
SEPSGF-0.5 OCTSGF-0.5 NOVSGF-0.5 DECSGF-0.5 ;&
outside obstruction from trees

SHADING WHEIGHT-3.28 WWIDTH-7.87 OHDEPTH-0.3 &
OHWD-1.64 OHLX-3.28 OHRX-4.5 OHFLAP-O &
FLDEPTH-0 FLTX-0 FLWD-0 FLWBX-0 & 
FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-0 

GLASS NAME-WIS2 AREA-25.81 AZM-0 TILT-90 &
NGLZ-I UVAL-I.I I GLSTYP-I XRFLCT-0.14 & 
RSHTR-0.0 TRSHTR-0.8 SCFWNTR-0 SCFSMR-I ;& 
Metal, single w/light curtains 

SGDISTWNTR AIR-0.4 SLB-0.6 
SGDISTSMR AIR-0.7 SLB-0.3
GLSGREFLECT JANGR-0.45 FEBGR-0.45 MARGR-0.45 APRGR-0.45 & 

MAYGR-0.45 JUNGR-0.45 JULGR-0.45 AUGGR-0.45 &
SEPGR-0.45 OCTGR-0.45 NOVGR-O.45 DECGR-0.45 ;&
Light color concrete Ground Reflectivity 

SGFACTORS JANSGF-0 9 FEBSGF-0.9 MARSGF-0.9 APRSGF-0.9 & 
MAYSGF-0.9 JUNSGF-0.9 JULSGF-0.9 AUGSGF-0.9 & 
SEPSGF-0.9 OCTSGF-0.9 NOVSGF-0.9 DECSGF-0.9 ;&
NO outside obstruction from trees

SHADING WHEIGHT-3.28 WWIDTH-7.87 OHDEPTH-0.3 &
OHWD-1.64 OHLX-4.5 OHRX-0.90 OHFLAP-O & 
FLDEPTH-0 FLTX-0 FLWD-0 FLWBX-0 & 
FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-0 

GLASS NAME-WIS3 AREA-21.51 AZM-0 TILT-90 &
NGLZ-I UVAL-I.I I GLSTYP-I XRFLCT-0.14 & 
RSHTR-0.0 TRSHTR-0.8 SCFWNTR-0 SCFSMR-I ;& 
Aluminum single w/light curtains / no outside shading 

SGDISTWNTR AIR-0.4 SLB-0.6 
SGDISTSMR AIR-0.7 SLB-0.3
GLSGREFLECT JANGR-0.33 FEBGR-0.33 MARGR-0.33 APRGR-0.33 & 

MAYGR-0.33 JUNGR-0.33 JULGR-0.33 AUGGR-0.33 & 
SEPGR-0.33 OCTGR-0.33 NOVGR-O.33 DECGR-0.33 ;&
Ground Reflectivity specific to window not available 

SGFACTORS JANSGF-I.O FEBSGF-1.0 MARSGF-I.O APRSGF-I.O & 
MAYSGF-1.0 JUNSGF-1.0 JULSGF-1.0 AUGSGF-1.0 & 
SEPSGF-1.0 OCTSGF-1.0 NOVSGF-1.0 DECSGF-1.0 ;&
NO outside obstruction from trees or nearby buildings 

SHADING WHEIGHT-3.28 WWIDTH-6.56 OHDEPTH-0.3 &
OHWD-1.64 OHLX-0.9 OHRX-O.9 OHFLAP-O & 
FLDEPTH-0 FLTX-0 FLWD-0 FLWBX-0 & 
FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-0 

GLASS NAME-WIS4 AREA-21.51 AZM-0 TILT-90 &
NGLZ-I UVAL-I.I I GLSTYP-I XRFLCT-0.14 & 
RSHTR-0.0 TRSHTR-0.8 SCFWNTR-0 SCFSMR-I ;& 
Metal single w/light curtains / no outside shading 

SGDISTWNTR AIR-0.4 SLB-0.6 
SGDISTSMR AIR-0.7 SLB-0.3
GLSGREFLECT JANGR-0.42 FEBGR-0.42 MARGR-0.42 APRGR-0.42 & 

MAYGR-0.42 JUNGR-0.42 JULGR-0.42 AUGGR-0.42 & 
SEPGR-0.42 OCTGR-O.42 NOVGR-O.42 DECGR-0.42 ;& 
Reflectivity from the red color of the "s" tile 

SGFACTORS JANSGF-I.O FEBSGF-1.0 MARSGF-I.O APRSGF-I.O & 
MAYSGF-1.0 JUNSGF-1.0 JULSGF-1.0 AUGSGF-1 0 & 
SEPSGF-1.0 OCTSGF-1.0 NOVSGF-I 0 DECSGF-1.0 ;&
NO outside obstruction from trees or nearby buildings 

SHADING WHEIGHT-3.28 WWIDTH-6.56 OHDEPTH-0.3 &

Figure 4-36 CalPasS Input File
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NGLZ= I UVAL-l.ll GLSTYP=I XRFLCT-0.14 & 
RSIITR-0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=I ;& 
Aluminum single w/light cunains / no outside shading 

SGDISTWNTR AIR-0.4 SLB=0.6 
SGDISTSMR AIR-0.7 SLB-0.3
GLSGRCFLF.CT JANGR-0 33 FEBGR-0.33 MARGR=0.33 APRGR=0.33 & 

MAYGR-0.33 JUNGR=0.33 JULGR=0.33 AUGGR-0.33 & 
SEPGR-0.33 OCTGR-O.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 

SGFACTORS JANSGF-1 0 FEBSGF= 1.0 MARSGF= 1.0 APRSGF= 1.0 & 
MAYSGF-1 0 JUNSGF= 1.0 JULSOF-1.0 AUGSGF= 1.0 & 
SEPSGF= 1.0 OCTSGF= 1.0 NOVSGF= 1.0 DECSGF= 1.0 ;&
NO outside obstruction from trees or nearby buildings 

SHADING WHEIGHT-2.96 WWIDTH=3.93 OHDEPTH=3 0 &
OHWD-1.64 OHLX-1.64 OHRX=3.2 OHFLAP=0 &
FLDEPTH-0 FLTX-1.64 FLWD-1.64 FLWBX-0 &
FRDEP1H-0 FRTX=0 FRWD=0 FRWBX=0

GLASS NAME-WInl I AREA-15.05 AZM=I80 TILT-90 &
NGLZ=I UVAL=I.II GLSTYP-I XRFLCT=0.I4 &
RSHTR-0 0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=I ;& 
Aluminum single w/light curtains / no outside shading 

SGDISTWNTR AIR=0.4 SLB-0.6 
SGDISTSMR AIR-0 7 SI B-0 3
GLSGKEFLECT JANGR-0.33 FEBGR-0.33 MARGR-0.33 APRGR=0.33 & 

MAYGR-0 33 JUNGR-0.33 JULGR=0.33 AUGGR=0.33 & 
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 

SGFACTORS JANSGF-1 0 FEBSGF-I.O MARSGF-I.O APRSGF-I.O & 
MAYSGF-1.0 JUNSGF-1.0 JULSGF-I.O AUGSGF-I.O & 
SEPSGF-1.0 OCTSGF-1.0 NOVSGF-1.0 DECSGF-1.0 ;&
NO outside obstruction from trees or nearby buildings 

SHADING WHEIGHT-3.28 WWIDTH-4.59 OHDEPTH-3.0 & 
OHWD-1.64 OHLX-3.2 OHRX-1.64 OHFLAP-O & 
FLDEPTH-0 FLTX-0 FLWD-0 FLWBX-0 & 
FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-0 

GLASS NAME-WIEI AREA-8.60 AZM--90 TILT-90 &
NGLZ-I UVAL-I.II GLSTYP-I XRFLCT-0.14 & 
RSHTR-0.0 TRSHTR-0.8 SCFWNTR-0 SCFSMR-I ;& 
Aluminum single w/light curtains / no outside shading 

SGDISTWNTR AIR-0.4 SLB-0.6 
SGDISTSMR AIR-0.7 SLB-0.3
GLSGREFLECT JANGR-0.33 FEBGR-0.33 MARGR-0.33 APRGR-0.33 & 

MAYGR-0.33 JUNGR-0.33 JULGR-0.33 AUGGR-0.33 & 
SEPGR-0.33 OCTGR-O.33 NOVGR-O.33 DECGR-0 33 ;& 
Ground Reflectivity specific to window not available 

SGFACTORS JANSGF-1 0 FEBSGF-I.O MARSGF-I.O APRSGF-I.O & 
MAYSGF-1.0 JUNSGF-1.0 JULSGF-1.0 AUGSGF-1.0 & 
SEPSGF-1.0 OCTSGF-1.0 NOVSGF-1.0 DECSGF-1.0 ;&
NO outside obstruction from trees or nearby buildings 

SHADING WHEIGHT-2.62 WWIDTH-3.28 OHDEPTH-I.O &
OHWD-1.64 OHLX-0.3 OHRX-3.0 OHFLAP-O & 
FLDEPTH-0 FLTX-0 FLWD-0 FLWBX-0 &
FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-0

INFIL ACBASE-500 ; permanent openings
INTGAIN INTGAIN-78.63 SCHED-RES AIR-0.5 SLB-0.5 ;&

internal gain put to air and slab nodes [KWhr/day]
VENT TYPE-Natural AINLET-2948 HDIFF-I STACKEFF-0 & 

AZMINLET-0 DDEFF-0 DIEFF-0.5 
GROUNDTEMP GROUNDTEMP-DBBAR 
WINDFACTOR 0.29; adjusted for a urban areas
CHNGSEASON TYPE-TEMP TEMP-76
OPCOST ELPRICE-0 038 ACCOP-2 HEATING-FUEL FUELPRICE-0.0016 & 

HTEFF-0.9
SOLARCALC FREQ-MONTHLY 
•END

Figure 4-36 CalPasB Input File
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been simulated that most of them are of 4 feet instead of 1.5 feet long. Second, is the 
placement of vertical fins at the west side at the main facade or north elevation windows . 
They shall be 2.0 feet wide for the total window height. To protect them from afternoon 
sunlight, the north elevation will have the extension of the west wall. On the first floor 
the extension will be 1.5 feet by the total wall height. On the second floor it will be until 
the balcony column, closing totally the west side of the balcony. These vertical fins will 
act over the first three windows from the west to the east the following windows will 
have the mentioned 1.0 foot extension vertical fin. Third, in order to avoid reflectance, 
the ground cover shall be of a hollow paving that is 60% concrete and 40% grass. The 
grass and the medium gray color of the concrete absorb 65% of solar radiation more than 
the white marble (40%). The fourth assumption is about the natural ventilation within the 
house, through the cross ventilation effect. To get this, a window located at the west side 
on the first floor shall be at the south side. Therefore this window will be used as an inlet 
because wind is blowing from south to north and the outlet is located at the north side.

In addition, on the second floor, the bedroom located at the south-east comer of 
the B unit shall have a vertical fin that will act as a wing wall to address the wind toward 
the interior. In the case of the other bedroom on the second floor of the same unit, the 
door opening shall be open most of the time to allow the air movement within the space. 
A fifth strategy is to add insulation to the roof with a thermal resistance value of R -ll 
placed between the ceiling and roof, to insulate the house from heat absorbed through the 
roof. The sixth is the construction of a new layer of roof over the existing one. It shall 
allow ventilation between the two layers (rafters height of 6”), where the wind can blow 
the heat that escapes from the house through the roof. Also, this new roof will have light 
color coating to reflect more the sun’s rays. Similarly, the roof could be painted 
aluminum or a light polished color to reflect more solar radiation to the sky.

TABLE 4-5 SUMMARY OF THE ENERGY CONSERVATION STRATEGIES FOR 
A URBAN HOUSE IN THE HOT-HUMID CLIMATE OF NEIVA.

Strategies

Space Conditioning 
Loads.

Source
consumption Operation Cost

Cooling Btu/fV $/Yr.
Kbtu % Sav. Cool Cool %  Sav

Base-case for a conditioned house 79511 36.39 443
Base-case permanent openings 2693249 1232.9 14993
Window overhangs 4 ’ 2689437 0.10 1221 13478 10.1
Vertical fins 2 ’ 2683120 0.37 1222 13922 7.1
Mixed ground cover 2692260 0.03 1222 13988 6.7
Cross Ventilation 2690110 0.3 1220 13469 10.1
Roof insulation 2681015 0.45 1217 13925 7.1
Double Roof 2680544 0.47 1217 13822 7.8

Average 8.15%
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VI. THERMAL BALANCE MODEL OF AN URBAN CASE STUDY DESIGN IN
A COLD CLIMATE

The studied urban house will be analyzed in another climatic region. Previously, 
It was in a hot-humid climate, now the house is located in the cold climate of Bogota. 
This city has a mean annual temperature of 57°F. The house will have the same: 
orientation, north-south, the shape, the envelope materials, the same number of occupants 
the same light color tile on the ground cover; but the location shall be in the Bogota's 
savanna, on a plain terrain..

A. ENVELOPE ASSUMPTIONS

As mentioned before, the urban house analyzed in the hot-humid region of Neiva 
will be placed in the cold city of Bogota. Therefore, some assumptions have to be made 
pretending that the house is a compact building, with the permanent openings being 
closed and taking that area as part of the brick wall. Second, the decrease of the 
building's height from 8.85 feet (2.70 meters) to 6.88 feet (2.10 meters), reducing the 
house volume. Finally, decreasing the actual overhang dimension from 1.5 feet to 1 foot.

In order to simulate this house through CalPasS, the input values are relatively the 
same as the hot-humid urban house. The only new values were mentioned above. 
Similarly, this urban house has no mechanical system for heating. Equally, the seasonal 
operating modes, are controlled by the house indoor ambient temperatures rather than the 
seasons. The operating cost of this middle-class house is based on Bogota's electricity 
company rates of $0,038/ Kwh for a cooling system.

B. THERMAL PERFORMANCE PREDICTION

Through the same energy simulation program CalPasS, the thermal performance 
of this urban house in a cold climate was simulated as it was a compact conditioned space 
located in a cold region. Also, it was assumed as a standard tight house with 1.0 air 
changes per minute. As result CalPasS yielded an annual heating load of 28515 Kbtu, 
and an annual source consumption of 9.66 Kbtu/ft2.

C. THERMAL IMPROVEMENT STRATEGIES

In order to achieve thermal comfort and reduce the energy consumption in this 
urban house of a cold climate, the high thermal resistance capacity of the envelope 
materials is needed. Therefore, through energy conservation strategies such as, first 
increasing the thickness of the walls from 9,8" to 12" and also, with an outside insulation 
of a rigid board of 1 inch thick with a U-value of 0.4. Second, a double pane glass could 
be used to decrease the heat loss through windows, which have a thermal
coefficient value (U-value) of 0.74 instead of 1.11 for a single pane of glass. Equally, 
outside shutters could be placed on the south and north windows to reduce the heat 

losses through them.
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In addition, attempt to increase the heat gain from the area o f the light color 
ground cover to reflect solar radiation. To have more heat inside, dark color exterior 
walls should be to absorb more of the sun's rays. In order to get more heat inside the 
house the Trombe walls and Sun-space strategies are recommended. These two new 
strategies will modify the original house design, having passive solar collectors as 
windows, thermal storage as walls and floors and the space to distribute the heat gain 
through them. The Trombe wall will be located on the north side of the house with 0.55 
ft2 (6 meters 2) of collector and behind this a thermal mass brick wall 12" thick. The 
space between the collector and the wall shall be 6" (15 cms.). This Trombe wall will 
have small vents on the upper part of the wall to allow the hot air circulation between the 
inside of the house and the Trombe wall itself. The area shall have an overhang of 1 foot. 
Similarly, the sun-space strategy is located on the south side next to the dining room on 
the first floor. It has a glass area of 9.84 feet (3 meters) wide by 8.2 feet (2.5 meters) 
high. The roof is also a solar collector made of glass with a 2% slope to drain the rainfall. 
The floor is a medium color tile, having the dining room window as a coupler between 
the exterior and interior spaces.

Table 4-6 shows the six applied strategies and their savings as individual and 
different conservation measures. Although, they are not combined among them, in this 
case all these strategies can be built to achieve thermal comfort and great energy and 
operation cost savings.

TABLE 4-6 SUMMARY OF THE ENERGY CONSERVATION STRATEGIES AND 
THE ENERGY CONSUMPTION RESULTS OF THE COLD CLIMATE URBAN

HOUSE.

Strategies

Space Conditioning 
Loads.

Source
consumption Operation Cost

Heating KBtu/ft1 SAT.
Kbtu %  Sav. HEAT Heat % Sav

Base-case urban house in cold climate 28515 9.66 51
Mass brick wall 12" thick 25862 9.3 8.7 46 9.8
Double glass 23345 18.1 7.9 42 17.6
Outside shutters 27315 4.2 9.16 49 3.9
Light color ground cover 24202 15.1 8.2 43 15.6
Trombe wall 26462 7.1 8.97 47 7.8
Sunspace 25314 11.2 8.58 45 11.7

Average 85% 34%
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VII. THE LOW -INCOME ROW HOUSING CASE STUDY OF BOGOTA

In Bogota typical low income row housing consists of 2 bedrooms, one bathroom, 
a kitchen, a living-dinning room and patio, arranged in a single story dwelling with an 
external staircase for a possible second independent floor. Each unit is 620.4 Ft2 (57.7 
m2) built area, and 258 Ft2 (24 m2.) open area, totaling 878.4 Ft2 (81.7 m2). The typical 
height is 6.60 feet (2 meters). These houses are rectangular in shape with its longitudinal 
axis oriented 22° East from South. It is designed to accommodate one family of four, two 
adults and 2 children. The finishing materials o f these houses are relatively inexpensive 
and commonly used in the low-cost housing construction in Bogota, such as concrete 
block walls, concrete flat roof, ordinary concrete slab on grade, single glazed metal frame 
windows, and solid core soft-wood doors (fig. 4-36).
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Figure 4-36 Low-income row housing in Bogota
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A. THERMAL CHARACTERISTICS:

A typical low-income row housing unit in Bogota has no insulation materials on 
the walls, slab, or roof. The walls are 6” hollow concrete blocks with lime wash coat 
inside. These walls and slabs are considered thermal mass which have low thermal 
resistance capacity. In addition, the south-east facing windows receive great amount of 
direct solar radiation through glass during the morning and also receive reflected solar 
radiation through the concrete ground cover. Windows facing north west receive mostly 
diffuse radiation due to the solar position and the grass and sand stone ground cover of 
the patio (fig. 4-37). In general, the house receives and absorbs great amounts of solar 
radiation, but the built up heat is dissipated rapidly to the outside due to the low thermal 
resistance.

Flat Concrete Roof Aluminum coating Absorp-0.15 

U = 0 .11 Btu/hr ft2 °F

Absorpt= 0 Light Color Cone rete Reflect= 0.55

,6" H ollow concrete blocks

Concrete flat roof

Concrete slab on grade 6" Hollow  
concrete blocks

living-dim
R oom

C R O S S - S E C T I O N

G rass and san d  ston e  ground  
co v er  o f  the north patio

light co lo r  co n crete  ground c o v e r  
on  south

Figure 4-37 Thermal characteristics of the low income house
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B. COMPUTER ENERGY ANALYSIS

The design process for developing an efficient passive solar energy house was 
based on integrating bioclimatic evaluation, microclimate modification, shape, orientation 
and envelope materials analysis. As mentioned before, in order to achieve thermal 
comfort inside the house the best shape and orientation, which corresponds to the sun for 
a rectangular house is selected to be southwest. The house with this orientation receives 
more direct solar radiation through the window openings located on that side. In order to 
model the described base-case design through the CalPasS, program, a temperate generic 
weather file similar to Bogota’s climate was used. The input file values for wind factor is 
0.29, selected for an urban area. Second, light color concrete cover with 0.55 ground 
reflectivity for the surrounding landscape was calculated. Third, the south, north and 
west walls have a U-value of 0.35 Btu/hr ft2 °F with a 0.60 absorptivity value. Fourth, the 
east wall U-value is neglected because the house is attached. Fifth, the concrete roof has 
an aluminum coat covering absorptivity of 0.15 and a U-value of 0.11 Btu/hr ft2 °F. 
Sixth, the house foundation is a slab on grade with zero absorptivity and a 0.9 R-value. 
Seventh, the single glazed windows have a U-value of 1.11 Btu/hr ft2 °F, with no shading 
devices.

The low income house has no mechanical systems for heating or ventilation. The 
CalPas3 simulation of the summer and winter, or in this case for the dry and wet 
operating modes, is controlled by the house indoor ambient temperatures rather than the 
seasons. The reason for this is because of Colombia's location close to the equator line, 
and with no seasons, the sun path is almost the same all year-round (see fig. 4-24).

The operational cost of this low-income house is based on the Bogota’s natural 
gas rate of $0.0019/ therms for heating system. These are high rates considered 
relatively expensive for the selected low income house. It averages $85 per month which 
represents about 20% of their salary.

C. THE SUGGESTED MATERIAL “GUADUA”

This case study suggests the use of a new construction material which responds to 
Bogota’s climate. This house has Bajareque walls made of "Guadua” (fig. 4-6).

The suggested house has a 4” concrete slab on grade foundation, and Bajareque 
walls . To protect the house from different climatic elements such as rain, wind and sun, a 
roof overhang is provided. The roof is a concrete “Guadua” reinforced prefabricated slab. 
Windows are single glazed, wood frame and doors are solid core soft wood.

According to McClure, United Nations 1972, (a botanist who worked with 
bamboo), the thermal conductivity of a 4” (100 mm) thick “Guadua” canes is equal to 
0.121 Kbtu/hr.Ft.°F. with a resistance value of R=8.27. Besides the “Guadua” canes, the 
Bajareque wall is composed of additional layers of materials such as a batten mat or 
flattened bamboo and plaster, having different R-values. For instance, a 0.39” thick 
flattened bamboo has an R=0.48. For a 0.78” thick plaster the R-value is 0.15. When 
adding the outside and inside air films, the total thermal resistance values increased to 
R= 10.54. This R-value corresponds to the “Guadua” canes which represents 50% of the
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R=10.54. This R-value corresponds to the “Guadua” canes which represents 50% of the 
wall section. The other 50% is the R=3.17 of the filling material (Fig. 4-38). The one 
foot distance between Guadua posts is filled with mud sand and organic fibers which 
creates air chambers in the mixture that add thermal resistance to the envelope.. The total 
thermal resistance values of the Bajareque wall is R=13.71. Due to the hollow “Guadua” 
stem, the wall section has a better thermal resistance than the cement, sand and organic 
fibers mixture. By adding another “Guadua” stem in this wall section, the thermal 
resistance can be improved to R=23.9 (fig. 4-39).
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1. Cost of “Guadua” Material

According to Colombian building workers, because the "Guadua" walls are made 
by artisans or by the owner of the house, a square feet of 6” concrete masonry blocks 
costs about $0.80 and a square feet of 6” Bajareque walls costs $0.51. A 30% reduction in 
the building construction is achieved by using this flexible, lightweight and locally 
abundant material. The “Guadua” material is also useful in regions prone to earthquakes

D. THERMAL PERFORMANCE PREDICTION

The thermal performance of the suggested base-case study using traditional 
Guadua material as predicted by CalPasS yields an annual heating load of 878 Kbtu, and 
an annual source for total heating consumption of 7.06 Kbtu. For optimization purposes, 
and to improve the base-case performance, several energy conservation strategies were 
applied using relatively inexpensive architectural solutions that best fit the economical, 
social and cultural values of Bogota.

Six additional computer runs were conducted. Each run comprised a different 
conservation measure which was selected to comply with low-income house construction. 
These strategies are: 1. increasing wall thickness, using double Guadua walls (fig. 4-40);
2. using double Guadua walls and a 0.75” air gap (fig. 4-41); 3. adding outside wood- 
screen shutters to the north facade, 4. providing horizontal overhang; 5. increasing roof 
thermal resistance with another layer of “Guadua” reinforced roof (fig. 4-42); 6. 
suggesting light color concrete for the patio ground cover. A summary of the six 
strategies of energy conservation strategies, their predicted heating loads and the percent 
savings of each from the base case is shown in table 4.8. Significant improvement has 
been achieved over the base case when compared to run number 6. The average of 
annual loads for heating has been decreased by 60% compared to the base case. On the 
other hand, the annual house operating cost decreased from $41/Yr. to $5/Yr, a savings of 
84%.
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Figure 4-42 Double Bajareque wan
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Elevation Plan

ruadua

lallen mat -Plaster

-=1—0.75“ Air Gap 
2 2 0 .8 “ Plaster 
-----0.4" Batten Mat

4" Guadua

1 Foot

- = 0 .4 "  Batten Mat 
• —t—0.8" Plaster

■W

Figure 4-41 Double Bajareque wall with an air gap

TABLE 4-8. SUMMARY OF THE ENERGY CONSERVATION STRATEGIES 
AND THE ENERGY CONSUMPTION RESULTS

Space Conditioning 
Loads.

Source
consumption Operation Cost

Strategies Heating KBtu/ft2 $ZYr.
Kbtu % Sav. HEAT Heat % Sav

Base-case 6" concrete block 4313 34.75 41
Guadua house 878 79.6 7.06 8 80.4
Air gap, double Guadua wall 740 82.8 5.9 8 80.4
Double Guadua wall 747 82.6 6.0 7 82.9
Double wall + Double roof 532 87.6 4.2 5 87.8
Roof Overhang + D. wall + D. roof 532 87.6
Ground cover + Roof O. + D wall + D. roof 543 87.4 4.3 5 87.8
Outside shutters + G. cov. + D. wall + D. roof 503 88.8 4.0 5 87.8

Average 60%
84.9%
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CONCLUSIONS AND RECOMMENDATIONS:

This report demonstrates an approach to design guidelines for low and middle cost 
energy efficient row housing to be developed and replicated for the establishment of 
viable settlements in the Neiva and Bogota regions. The use of the “Guadua” material 
gives Colombia’s territory a defined and vernacular style of architecture, while buildings 
achieve the required thermal comfort in this tropical country. Although the study 
highlights some successful conservation and passive solar design techniques modeled 
through the CalPas3 computer program, it is important to observe the possibility of 
improving the thermal performance of a house through inexpensive architectural 
measures and obtaining great savings in the annual heating and cooling loads.

The contents of this report are based on the three first chapters applied to case 
studies designs in the chapter 4. Chapter number 1, analyze the human comfort 
requirements for people in the tropics. Chapter number 2, involves all the climatic 
analysis of Colombia and specifically the two chosen climatic regions with the data useful 
to satisfied the requirements of the first chapter. Chapter number 3, is about the possible 
solutions for energy conscious design and how architecture may offer ellements and 
techniques which can solve the comfort problems. Finally in the chapter number 4, the 
study of urban and rural case designs and the application of energy conservation and 
passive solar strategies that best fit the social and cultural values of the people of Neiva 
(hot-humid) and Bogota (cold climate). In the analyzed case studies have been taken into 
account the microclimatic modifications to create a better indoor thermal conditions. 
These thermal conditions are related to the building envelope materials and their thermal 
balance, then these analysis have been simulated through Calpas3, after that there are 
some basis for design strategies to improve the thermal comfort in houses of the two 
cities.

Among the recommendations for a conscious energy design to houses in tropical 
climates, for instance in hot-humid climates, dwellings should be oriented in such way 
that they keep incident solar radiation to a minimum while capturing breezes whenever 
possible. Secondly, an ideal house location is over elevated areas on windward slopes, 
facing north and protecting the south side of the house from the sun’s rays. Third, 
breezes should originate in shaded meadows where they are cooled by the mass of 
vegetation. To take advantage of these breezes they should have inlets and parallel 
outlets to achieve the cross ventilation effect. This is effective in catching the prevailing 
wind oblique to the inlet and the velocity inside the space depends on the outlet size. 
Fourth, houses should keep to a minimum paved surfaces to avoid overheating through 
absorption and reflection of light and heat. Fifth, trees near the house should be high 
branching to allow free air circulation. Similarly, low vegetation should be kept separate 
from the houses. Sixth, the use of light color paints on walls and roofs to reflect the 
sunlight and the heat away from the house. Equally, the roof should be insulated in both 
hot-humid and cold regions. Seventh, the building envelope materials such as walls in 
hot-humid climates should be of low thermal resistance capacity to decrease the heat 
storage and its later release. In contrast, for cold climates walls should be of high thermal 
resistance capacity to keep the heat within the house interior.
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The vernacular rural houses have demonstrated the better thermal responses 
according to the climate, building materials, location, orientation and shape and their 
relationship with the surroundings than the modem urban houses. The orientation of the 
rural house in the hot-humid region responds to the comfort needs of the occupants taken 
advantages primarily of the wind which is the main recommendation for comfort in the 
hot-humid climate.
In summary, the following are the applied energy conservation strategies to improve 
thermal comfort in this hot-humid climate rural house: north and/or northeast for building 
orientation, larger outlet of openings protected by 3 feet roof overhangs, roof shaded by 
trees. These big trees shall be located parallel to the wind direction and toward the inlet 
opening. Also, the house will be provided for a layer of polished metal sheets for another 
roof, and a louvered overhang located over the east opening. In addition, high hedges 
planted outside of the inlet window. These strategies will provide thermal comfort for the 
occupants implementing some viable strategies and, according to the peasants needs, 
facilitating and accomplishing their social and cultural values.

In the case of the rural house in cold climate, is a wind tight house, with thermal 
mass envelope materials.

In summary, the following are applied energy conservation strategies to improve 
thermal comfort in this cold climate rural house:
1. True south or between 5° to 20° west of south for building orientation,
2. Bigger windows protected by a low hedge and trees located at the southeast comer of 
the house,
3. Vertical fins on windows to deflect cool winds out of the house.
4. Increase ceiling and wall thickness and have tiled floor to improve thermal resistance 
capacity.
5. Insulate windows with curtains and outside shutters to keep the heat inside the house, 
these strategies will provide thermal comfort for the occupants.

The summary of the applied energy conservation strategies for the urban house in 
Neiva are overhangs in windows and roof, and vertical fins on windows to protect the 
house from solar radiation. The opening of windows and the relocation of existing door 
and windows to facilitate the cross-natural ventilation. The use of mixed grass and 
concrete for ground cover. The insulation of the roof with a insulation blanket and with 
another layer of roof. These strategies have been simulated through CalPas3 which 
improvement has been achieved over the base case when compared to run number 6. The 
average of annual loads for cooling has been decreased by 60% compared to the base 
case. In addition, the annual house operating cost decreased from $14,993/Yr. to 
$13,822 Yr, a savings of 7.8%

The recommendations for cold climates must deal with the exposure of windows 
and walls to the direct solar radiation. Therefore, to get more advantage of the solar 
energy the envelope materials of a building must be for heat storage. The summary of the 
applied energy conservation strategies for the studied urban house in Bogota are the 
increase of the brick wall thickness, the use of a double pane of glass on windows, the 
placement of outside shutters, and the utilization of light color on ground cover materials. 
Also, among the passive solar strategies are the use of solar collectors such as the trombe 
wall system and the sun-space. After the energy simulation of these strategies, significant
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improvement has been achieved over the base case. The average of annual loads for 
heating has been decreased by 85%, from 28515 kbtu to 25314 KBtu. In addition, the 
annual house operating cost decreased from $51/Yr. to $42/Yr, a savings of 34%.

In the case o f the low-income row house in Bogota, using "guadua" material, the 
applied energy conservation strategies were 1. increasing wall thickness, using double 
Guadua walls; 2. using double Guadua walls and an air gap; 3. adding outside wood- 
screen shutters to the north facade, 4. providing horizontal overhang; 5. increasing roof 
thermal resistance with another layer of “Guadua” reinforced roof; 6. suggesting light 
color concrete for the patio ground cover.

The initial $41/Yr. operating cost represents a large amount for the low-income 
housing in Bogota. It converts to $41,000 Colombian pesos. The average monthly 
income for occupants o f these row-house is $65,00.00 Colombian pesos. The heating 
cost represents 5.2% of their monthly income. In addition, the importance of this 
abundant material in several tropical countries is the reduction of building collapse in 
seismic areas. We recommend further research, the reduction of infiltration rates, and 
thermal mass in the application of Bajareque “Guadua” walls in the building process. 
Illustrations 4-43 to 4-47 show the summary of the urban case studies for low and middle 
class housing in the hot-humid climate of Neiva and the cold climate of Bogota.
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ENERGY CONSERVATION FOR RURAL AND URBAN HOUSES IN A HOT-HUMID AND A COLD COLOMBIAN CLIMATES

Existing Rural H ouse in th e  Hot-Hum id Region of N eiva Summer (dry season)

Orientation

L a titu d e : 2* N. Neiva, Colombia
A ltitu d e : 1 4 5 8  fee t (442 m eters)
M ean  T e m p e ra tu re : 82°F (27.8°C) 
R ela tiv e  H u m id ity : 66%
L o w er S o la r  A n g le : 64 .5*  a t noon 

in D ecem ber

i-  Equinox

Sum m er

A ltitu d e  a n g le s  o f th e  s u n  a t  2°N  la t i tu d e

L o c a tio n : Plain terrain
The house is a Single story dwelling.

The main unit (bedroom and living room) of 
the  rural house  in this region has a rectangular 
shape w ith its longer sides facing eas t-w est.

The second  unit, th e  kitchen, is oriented w ith 
the longer sides facing north-south. These tw o 
units form  a right angle but w ith short spaces 
betw een  them . The main idea of th e  house 
orientation is to  take advantage of the  wind.

P reva iling  w in d s : From sou th -east to  north
w est.

L a y o u t: M angos trees  located a t th e  e as t,
so u th -east and north -w est corner of the 
house.

T o ta l a r e a : 106 sf (32 ,30  m a), 9 feet height
(2 .75  m eters).

Building M a te r ia ls : S ite  m a te r ia ls  like straw ,
timber, bam boo (Guadua), mud, cow  m anure, and 
soil. The slab  on  grade is m ade of s tone  and mud. 
Walls are of th e  fQ uincha* type m ade of "G uadua". 
The tha tch ed  roof is m ade of round tim ber,covered 
w ith the  fronds of palm trees. It is a pitched roof 
w ith ex ten d ed  eaves  all around the  house. The 
floors of the  room s are m ade of bare soil. Frames, 
doors and  w indow s are m ade of solid core w ood.

Day
The pitched thatched roof allows the  en try  of 
air during the day.

The light brown color of the  bare  soil floor 
(ground cover) reflects 18%  of th e  incoming 
solar radiation tow ard the walls and opening

Through the jalousie opening of the  kitchen 
and the opening (door) of the  main unit wind is 
received oblique to  the  inlet window because 
the prevailing wind flow s from so u th east to 
northw est.

night
The hot air escape  through the pitched 
thatched  roof a t night.

In the  living room of this Louse the  flow of air 
circulates throughout the  entire sp ace  because  
air m ovem ent is oblique to aligned inlet and 
outle t openings.

Also, the  door and the window are open early 
during the  night to allow the entry  of air for 
cooling the spaces.

T he ty p ica l rural h o u s e  in h o t-h u m id  
reg io n s  h a s  no  in su la tio n  o n  th e  build ing  
en v e lo p e  m a te ria ls  s u c h  a s  w a lls , s la b  o r 
roof w h ich  co n tro l th e  h e a t  g a in  from  
e x te rn a l fo rce s .

Moreover, the k itchen 's orientation and the 
placem ent of the openings allows the flow of 
air to circuL te  upw ard in the  w hole space, 
keeping odors and sm oke aw ay from the living 
area.

Floor Plan

Winter (w et sea so n )

Day

the large eaves of the  roof p ro tec t the house 
from solar radiation and rain.

The walls are 3" thick "Quincha" walls, with a 
lime w ash coat inside and outside, tha t during 
winter days reflects solar radiation, avoiding 
overheated walls.

These walls and slabs are considered therm al 
m ass which have low therm al resistance 
capacity.

In addition, the small east-facing window 
(inlet) has no glass; it has a wooden hinged 
outside shutter.
W hen it is open the  house receives morning 
solar radiation th a t is stored on the  cem ent 
floor.

That heat rises and escapes through the 
thatched roof at night.

D esign proposal

Orientation
Best Selected Orientation

In the  hot-hum id rural case  
study, w here  cooling is needed, 
the  location of trees blocks the  
sun and airflow on the  sou th , 
and so u th w es t (outdoor space) 
w here sh ad e  and ventilation is 
needed .

To solve th is problem, this house 
m ust have big trees w here they  
can  shade  the  roof and allow free 
airflow under the  canopy.

In order to  decrease  hea t gain due 
to solar exposure  of th e  ta rg e t 
house, its  orientation could be 
qhanged to  north  and/or no rtheast, 
having sh o rt facades oriented eas t 
and w e s t

H ow ever, it is more necessary  to 
p ro tec t th e  house from direct 
sunlight and to ge t air m ovem ent 
inside the  house.

V egetation in this clim ate is 
abundan t and im portant.
Through it, air m ovem ent can  be 
controlled, it provides shade, 
preven ts erosion and gives a 
sensa tion  of freshness and 
coolness.

Floor Plan
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Rammed earth and “Quincha” walls must
have protection from incident solar radiation 
because these wall materials are thermal 
mass. Normally, these walls make use of the 
thermal mass to balance the extremes of the 
ambient outdoor air temperatures.

Conserving the thatched roof and adding a 
layer of another roof made of polished zinc 
sheets over timber as rafters will make it 
insulated, waterproof, and vented, allowing 
hot air to escape from its upper structure.

The roof may have ventilation on the ridge 
to take away the hot air, using polished 
metal and/or zinc sheets as roofing materials 
to reflect incident solar radiation.

night

Having trees located parallel to the wind 
direction, the airflow will channel to the 
house. Therefore, the air velocity will 
increase toward the house by “funneling” air 
into openings.

Using louvered overhangs over the east 
openings (inlet) will deflect and provide 
downward airflow, where it is desired. This
type of overhang can be made of Guadua e

Medium to high hedges (more than 4 feet) 
are planted outside an inlet window, they 
will deflect air into the house

Day
The ground cover should alternate between 
grass and bare soil to decrease solar 
reflection to walls and openings. Moreover, 
this ground cover shaded through vegetation 
provides fresh air for outdoor activities and 
the entry' of that air into the house produces 
a cooling effect fhis cooling effect is 
prolonged within interior space due to air 
movement.

Light colored paint on walls reflects solar 
radiation when it strikes them. Equally, 
doors and window shutters shall have light 
colors when they are closed, they slop solar 
penetration, can deflect the wind and protect 
inhabitants and house from burglars.

Using the sun-path diagram of this latitude, 
and 64.5* as lower solar angle at noon in 
December, 3 feet (1 meter) was determined 
as the projection of the roof overhang for 
this house.

Floors should also be light colored too to 
avoid heat absorption, which will be 
released later. This is recommended for 
both units of the dwelling.

The roof must have an overhang to shade the 
walls as well as openings. For this case 
study the length required for the overhang 
depends on the height of the window and/or 
wall at a specific time and latitude. At 2° N 
latitude in this climate, shading is needed for 
all facades.



Existing Rural H ouse in th e  Cold Region of B ogota

Orientation

L a titu d e : 4° N. Bogota, Colombia
A ltitu d e : 8 7 0 0  fee t (2 6 3 0  m eters)
M ean  T e m p e ra tu re : 56 eF (14°C)
R ela tiv e  H u m id ity : 73%
L o w er S o la r  A n g le : 63° a t noon 

in D ecem ber.
L o c a tio n : Plain terrain

A typical rural house in this region is 
com posed of tw o  units in a single story 
dwelling consisting  of 2 bedroom s and a living 
room as th e  main unit. It is rectangular in 
shape , in th is case  w ith its longitudinal axis 
oriented 4 5 °  no rtheast /so u th w es t. The 
second  unit consis ts  of a  kitchen and ano ther 
room  u sed  a s  a s to rage  or working room .

P reva iling  w in d : From sou th  to north 
L a y o u t: g rassy  a reas and small bushes 
T o ta l A re a : 3 8 0 .5  f t2 (116  m 2) w ith a

height of 6 .6  fee t (2 m eters).

Building M a te r ia ls : . The finishing m aterials 
are s tone  and cem ent slab, brick walls, cem ent- 
a sb e s to s  and/or m etal sh ee ts  w ith a p itched 
roof of sw an  tim ber s tructu re , w ith m etal 
frame w indow s and solid core soft-w ood doors. 
The Floors of th e  room s are m ade of tongued and 
grooved dark w ood. Also, rural houses have 
p lastered  ceilings.

A typical rural house in the  cold tropical 
clim ate of Colombia has no insulation 
m aterials on the walls, slab, or roof.

Floor Plan

light colored paint on both sides of the 
walls.
This light color on the outside walls 
reflects m ore solar radiation than dark 
colors.
However, plaster layers increase thermal 
resistance  of the walls, com pared to the 
brick wall itself.

The pitched dark cem ent-asbestos roof 
absorbs m ost of the incoming solar 
radiation and keeps it in the space 
be tw een  the  plastered ceiling and the  roof.

In addition, the roof has short overhangs 
th a t p ro tec t the  dwelling from rain, and 
allow the entry of the  su n 's  rays through 
the  house openings.

This heat is stored in the  dark wooden 
floor which is 1 inch thick (1:30 m inutes 
tim e lag), and on walls to be radiated 
w hen tem perature goes down.

However, the wood capacity for storing 
hea t is low and it releases heat. Also, the 
p lastered  ceiling helps to store the gained 
h ea t accum ulated in the upper parts of the 
interior and releases it a t night.

During the  day the  solar energy is transfer 
into the  house through conduction from 
the roof to  the ceiling, to  the  floor and to 
the  walls.

W indows and doors are open during the 
day to allow the penetration  of solar 
radiation into the  house.

D esign p roposal

Orientation
To receive direct solar radiation into the 
house, its location should be oriented true 
sou th  or ro ta ted  b e tw een  5 °  to  2 0 °  
so u th -w est. Thereason for this orientation 
is to take  advan tage  of the  sun  on the 
southern  facade, and to  heat the interior 
spaces  of the  ta rge t house such  as the 
bedroom s.

Also, one bedroom  and part of the  living 
room wUI receive morning sunlight and 
the o tner bedroom  and th e  o ther part of 
the living room  will receive afternoon solar 
radiation.
To effectively  ge t this energy inside the  
house, openings m ust be bigger but p ro tec ted  
from cool w inds: the  wind in this area blow s 
from the  so u th ea s t to  the  northw est.

Best selected Orientation

Floor Plan
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th e  corrugated  cem ent a sbesto s shee ts  for 
th e  roof and the  plastered ceiling should 
have dark paint on the outside of the roof 
and inside of the ceiling. This way, the 
roof will absorb heat from the  sun and the 
ceiling will do the sam e but from the 
interior space, such  as from the heat 
gained through w indows, also from the 
dwelling occupan ts lights and equipm ent. 

Increasing ceiling thickness, 10 inches, 
instead  of the existing 5 inches, will 
im prove its thermal resistance capacity.

Roof eaves should be short, approximately 
be tw een  1 to  1.5 feet, to  pro tect the 
house  from rain w ithout blocking solar 
acce ss .

The building envelope is the  6" plastered 
brick walls. Augmenting their th ickness to 
12" and painting them  w ith dark colors, 
the  therm al resistance as well as  the time 
lag for cooling dow n will increase

Winter (w et season )

wind flows from the so u th ea s t to  the 
northw est hitting the short s ides of the 
house perpendicularly.
The bedroom s and the living room  have 
openings and an inlet window 
perpendicular to the wind th a t m ust be 
closed during strong winds.

night
the  am ount of solar radiation received 
through the  window openings is small 
because  of their sm all size, and the fact 
th a t there  are only a few , and their 
p lacem ent on th e  so u th ea s t and northw est 
are not ideal for th is clim ate.

The roof has short overhangs th a t p ro tec t 
the dwelling from rain, and allow the  en try  
of the sun 's  rays through the house 
openings.

During the night openings are closed to 
keep the stored heat inside the  spaces.

During the night the hea t s tored in the  
ceiling, floor and walls is released into 
the spaces.

e Doors are larger and located  on the
so u th w es t which allow s direct sunlight to 
penetra te  into the  main unit.

The second  unit (kitchen and other room) 
is a closed space  th a t s to res  the heat 
produced by the  oven and  the  stove to 
maintain balance b e tw een  inside and 
outside air tem pera tu res.

The light gray color of th e  concrete 
sidewalk th a t surrounds the  house reflects 
the incoming solar radiation.
This heat is transferred  in and out of the 
house through the  uninsulated slab.

Vegetation, such  as a low hedge (3 fee t or
1 n e te r) located 10 feet aw ay from the  
inlet opening and also, a tree  located 20  
feel from the corner of the house is used .
Th ;y will deflect airflow up over the roof 
and their location will let the  house receive 
direct sunlight.

Wind break tha t would be useful in this 
house is having a vertical fin or vertical 
panel located on the  left hand side of the 
eas t window and on the  left side of door 
opening

Insulate w indow s w ith curtains and 
outside shu tte rs  to  keep the heat inside 
the house, th e se  stra teg ies will provide 
thermal com fort for the  occupan ts .

This house m ust have a tiled floor as a 
heat absorbing m aterial, laid on th e  stone- 
cem ent slab. Also, the  hea t s to red  in this 
flooring material is from the sun , (external 
heat gain), lights, equipm ent and 
occupancy (internal heat gain).

These openings also receive reflected  solar 
radiation from the  ground cover, 4  feet 
wide light gray concrete. This is located 
around the south  side of the  m ain unit and 
a t the north side of the  o ther unit.

For another thing, the  h ea t loss of walls 
by convection w II decrease . Openings 
should be open from sunshine to  sunset; 
after that, they  have to  be closed  with 
heavy curtains and outside sh u tte rs  to 
avoid heat loss through them .

wind breaks tre  light colored they will 
reflect afternoon solar radiation through 
openings tow ard  interior space .



Existing Urban House in Neiva, Hot-Humid Climate Sum m er (dry sea so n )

Orientation

L a titu d e : 2° N. Neiva, Colombia
A ltitu d e : 1458  feet (442 meters)
M ean  T e m p e ra tu re : 8 2 eF (2 7 .8 * 0  
R elative  H u m id ity : 66%
L ow er S o la r A n g le : 64.5* at noon 

in December
L o c a tio n : Plain terrain
The envelope function is related to a 
tw o story m iddle-class residential 
a ttached  house.
The house is designed to  accom m odate 
tw o families. One fam ily 's house-unit is 
com prised of 3  bedroom s, a living dining 
room, 2 bathroom s, a kitchen, a laundry 
area, a patio and a house keeper room. 
The other house  unit is com posed of 
3 bedroom s, a study room , living and a 
dining room, 3  bathroom s, a kitchen, a 
laundry area, a  house keeper room, 1 
courtyard and 2 patios.
Prevailing  w in d s : From sou th  to north.

L a y o u t: This urban house is oriented 
south-north, having sho rt facades located 
at eas t and w est.
Trees are p laced onthe w est and north 

side, 9 .8 4  feet (3 M ts.) from the house.

yr

iS t .  Floor

T otal a r e a : The first unit is 4 5 6  ft2 1139 m 2), 
and the other is 6 2 0  ft 2 (189 m 2), by 8 .85  
feet (2 .70  m eters) height.

Building M a te r ia ls : 6 ” concrete slab on grade, 
9 .8" brick w alls p lastered  and painted 
white, on both sides.
A brick face wall dark brow n on the 
north facade.
Corrugated zinc m etal pitched roof, 
brown w ood colored tongued and grooved 
ceiling with a 3 ' air gap  in betw een, and 
light colored tiled floors. Single glazed metal 
frame w indow s and m etal dark colored doors. 
Fixed m etal louvers allowing the  entry 
of wind flow through them .
In Neiva, m iddle-class housing, does not 
have either insulation m aterials or any 
dehumidification trea tm en t on walls, 
slab or roof. W indow overhangs betw een 
3 and 4 feet.

bath |j'

Floor

Floor Plan

In Neiva, middle-class housing, does not 
have either insulation m aterials or any
dehumidification treatm ent on walls, slab or 
roof.

The roof absorbs and transfer the heat from 
th e  sun’s rays to the  ceiling and to  the 
interior of the house.

At noon. During the  sum m er the solar angle 
is at 1 0 1 .5 ° .

The tiled floor absorbs and reflects solar 
radiation which through conduction it is 
transfer to the  interior space.

The white color of the  tile and marble 
ground cover has 45%  ground reflection of 
the su n 's  rays tow ard the  building and 
surroundings.

Shading devices play an im portant role in 
this climate. In this case  study, overhangs 
betw een 3 and 4  fee t p ro tect openings such 
as windows and doors on the main facade, 
north side, and interior w indow s on the w est 
side (31.

Due to the  sun  m ovem ent at this latitude, 
the cooling e ffec t is needed all year-round.

Design p ro p o sa l

Orientation
Due to the sun  m ovem ent a t this 
latitude, the cooling e ffe c t is needed 
all year-round.

First of all, to p ro tec t th e  house 
from solar radiation, it needs  
strategies such  as longer w indow  
overhangs(4") to  defend  m ore of the 
glazed areas and walls.
Second, is the  p lacem ent of vertical 
fins (V) at the  w est side a t the  main 
facade or north e levation w indow s . 
w indows protectionfrom  sunlight, with 
the extension of the  w e s t wall.
Third, in order to  avoid reflectance, 
the ground cover shall be of a hollow 
paving that is 6 0 %  concrete  and 40%  
grass.
The gr^ss and the  m edium  gray color
of the  concrete absorb  6 5 %  of solar 
radiation more th an  the  w hite marble 
(40% ).
The fourth assum ption  is abou t the 
natural ventilation w ithin the  house, 
through the  cross  ventilation effect.
To get this, a w indow  located  at the 
w est side on the  first floor shall be at 
the south side. Therefore this window 
will be used as an inlet because  wind 
is blowing from sou th  to  north and the 
outlet is located  at the  north  side. A 
fifth stra tegy is to  add insulation to the 
roof with a therm al re s istance  value of 
R-11 placed b e tw een  the  ceiling and roof, 
to insulate th e  house  from  h ea t absorbed 
through the roof.
The sixth is the  construction  of a new  
layer of roof over the  existing one with 
light color coating  to  reflect m ore the 
su n 's  rays. It shall allow ventilation 
betw een the  tw o  layers (rafters height 
of 6"), where th e  w ind can  blow the heat 
tha t escapes from  th e  h o u se  through the 
roof. Also, th is new  roof will have. 
Similarly, the  roof could be painted 
aluminum or a lightpoiished color to 
reflect more so lar rad iation  to  the  sky.

i S t .  F loor

2Nd. Floor

The relocation of the w indow s and doors 
and also the new window openings helps to 
enhance the cross ventilation effect during 
the day and nights to  achieve thermal 
comfort for the  occupants.

Through the overhangs, vertical fins and the 
egg crate shading devices ther is less direct 
solar penetration to the  w indow s and walls.

With the other layer of roof there is more 
insulation betw een the ceiling and the  roof, 
therefore, less heat absorption which can 
goes into the house.

There is less shortw ave  reflectance using 
grass and medium gray concrete color as a 
ground cover.

Floor Plan Day

Winter (w et sea so n )

On the upper part of all openings there are 
metal fixed louvers allowing the  entry of 
wind flow through them.

At night, the  heat rises and goes aw ay of 
the  house through the  openings (w indow s 
and perm anent openings.

Trees are high branching so they do not 
obstruct the  n ass age of the  wind.

Wind does not going through the  whole 
house
There are som e spaces  where the openings 
have pot way to take aw ay the stored  heat.

Day

The house has no ovei hangs on the  sou th  to  
pro tect it from the winter sun.

Solar radiation penetrates into the  house 
through w indows and roof and the hea t is 
tranfered tow ard the interior

Solar energy is stored in walls, floors and in 
the ceiling, this haat is released a t night 
when its not desired due to the difference in 
tem perautres betw een winter and sum m er 
and day and night is only few degrees, 5 °  to 
10° F (2° to 5 °  C).

Gfay me tel tine sheets 
lor roofing 
U-val. -  0 .23  Btu/hr ft' "F Singte pane windows 

U-value - 1 . 1 1» u-value -  i - 11
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Roof Overhang 
from 0 0  to 3.0 feet.

'  Permanent Openings

brick wall with 
plaster and white painted 

U-val. -  0.25

Metal Irame windows and doors
White martre floor 
65% reflectance

This is reason which during w inter nights the 
house perform the sam e as the  sum m er 
nights

night Day

The opening of the backyard and the 
relocation of th i  window facing the yard 
enhace the  cross ventilation effect.

The house  can take more advan tages of 
the  wind because its envelope materials 
does n o t stored too m uch heat th a t has 
to be rem eve from the house.

All w indow s m ust remain open.

The new  overhangs and vertical fins over the 
sou th  windows protect the house from the 
m orning and afternoon sun.
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Assumed Urban House in Bogota,

Orientation

L atitu d e : 4° N. Bogota, Colombia
A ltitude: 8700  feet (2630 meters)
M ean T e m p e ra tu re : 560F(14°C)
R elative H um idity : 73%
Low er Solar A ng le : 63° at noon 

in December, 
L oca tion : Plain terrain 
The studied urban house will be analyzed 
in another climatic region. Previously, It 
w as in a hot-humid climate, now the 
house is located in the cold climate of 
Bogota. The house will remain the sam e: 
orientation, north-south, the shape, the 
envelope materials, the sam e number of 
occupants the same light color tile on the 
ground cover; but the location shall be in 
the Bogota's savanna.

The reason is because sometimes the 
houses design in both cities are similar but 
with few changes.
In this case, these changes are pretending 
that the house is a com pact building, with 
the permanent openings being closed and 
taking that area as part of the brick wall. 
Second, the decrease of the building's 
height from 8.85 feet (2 .70 meters) to 
6 .88feet (2 .10 meters), reducing the house 
volume. Finally, decreasing the actual 
overhang dimension from 1.5 feet to 1 foot. 
This urban house has no mechanical system

Design proposal
To achieve thermal comfort in this house 
the following are the applied passive solar 
and energy conservation strategies, 
first increasing the thickness of the walls 
with an outside insulation. Second, a 
double pane glass. Third, outside shutters. 
Fourth Light color ground cover to reflect 
solar radiation. Fifth, Dark color exterior 
walls .Among the passive solar strategies 
are the Trombe walls and the Sun-space.

Cold climate
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Summer (dry season)

During the day the windows act as solar collectors. 
The heat is stored in the thermal m ass wall

Openings can be open to receive more solar 
radiation when there is no strong wind, it could

cool the house instead of heat it.

Due to the movement of the sun at this latitude 
the house can receive the summer and winter sun 
in order to heat it for a comfort level.

W inter (w e t season)

The heat stored in the thermal m ass wall 
is released into the space during the night.

Similar to the sum m er strategies but focus on 
the south side of the house, where the su space 
is located.

Openings m ust be close with the outside 
shutters to  decrease the heat loss through 
windows.

The sun space acts similar to the trombe wall but 
in this case, the space is usefull to grow plants or 
to  have  an additional room  in th e  h o u se .



Existing Low-income Row House in Bogota, cold climate

L a titu d e : 4° N. Bogota, Colombia
A ltitu d e : 8 7 0 0  feet (26 3 0  m eters)
M ean  T e m p e ra tu re : 5 6 oF ( 1 4 0C)
R elative  H u m id ity : 73%
L ow er S o lar A n g le : 63° at noon 

in Decem ber.
L o c a tio n : Plain terrain

The house consis ts  of 2 bedroom s, 
one bathroom , a kitchen, a living-dinning room 
and patio, arranged in a single story  dwelling 
w ith an external staircase  for a possible second 
independent floor.
Total A rea: Each unit is 6 2 0 .4  Ft2 (57.7 m2) 
built area, and 258  Ft2 (24 m2.) open area, 
totaling 8 7 8 .4  Ft2 (81 .7  m2).
The typical height is 6 .6 0  feet (2 m eters). 
These houses are rectangular in shape with 
its longitudinal axis oriented 2 2 °  East from 
South. It is designed to  accom m odate  one 
family of four, tw o adults and 2 children.

Building M aterials: concrete  block walls, 
concrete  flat roof, ordinary concrete  slab 
on grade, single glazed m etal fram e windows, 
and solid core soft-w ood doors

Design Proposal
This case  study su g g es ts  the  use of a new 
construction material which responds to 
B ogota 's climate. This house has Bajareque 
walls m ade of "G uadua".
This material is a bam boo specie found in 
Colombia. Its canes have a circular 
cross-section and are com prised of s tem s, 
w ith nodes and internodes. The stem s 
consist of thick walled fibers of 0 .7 5  in. 
th a t constitu te  60  to  7 0  percen t of the 
bam boo 's  w eight. The hollow cylinder 
espace of the  stem s are the  internodes, 
located am ong nodes (fig. 4-3).
Nodes are the  insertion points of shed leaves 
which are used  as a form of reinforcem ent to 
increase the  resistance  of the  cane against 
splitting and bending. The average height of 
a "G uadua" s tem  is 59 fee t (18 m eters) to  a 
maximum 131 feet (40  m eters) high. Its 
d iam eter is b e tw een  4  to  7" (10-18 cm s.).
The stem  th ickness is 0 .7 8 "  (2 cm s.). This 
specie of bam boo has a relatively high 
resistance to  both rot fungi and wood eating 
insects. The struc tu re  of a house m ade of 
Guadua is similar to  the  "Balloon Fram e" 
north-American building system . The bamboo 
or Guadua fram e behaves very well in case of 
an earthquake as result of the  relatively low 
w eight and elastic s truc tu re  of this material.

Cross Section and Elevation of a bajareque wall

Day

The walls are 6 ” hollow concrete blocks 
with lime w ash coat inside. These walls 
and slabs are considered thermal m ass 
which have low thermal resistance capacity.

W indows facing north w est receive mostly 
diffuse radiation due to the  solar position 
and the  grass and sand s to n e  ground cover 
of the  patio

In general, the house receives and absorbs 
great am ounts of solar radiation, but the 
built up heat is d issipated rapidly to  the 
outside due to the  low thermal resistance.

Winter (w et season )

night
The suggested  house has a 4" concrete slab on 
grade foundation, and Eiajareque walls . To 
pro tect the house from different climatic 
elem ents such as rain, wind and sun, a roof 
overhang is provided.
The roof is a concrete "Guadua" reinforced 
prefabricated slab. W indows are single glazed, 
wood frame and doors ire  solid core soft wood.

For optimization purposes, and to  improve the 
base-case perform ance, several energy 
conservation stra teg ies were applied using 
relatively inexpensive architectural solutions 
th a t best fit the econom ical, social and cultural 
values of Bogota.
These stra tegies are:
1. increasing wall thickness, using double 
Guadua walls .
2. using double Guadua walls and a 0 .7 5 "  air 
gap
3. adding outside w ood screen shu tters  
to the north facade,
4. providing horizontal overhang
5. increasing roof thermal resistance with 
another layer of "G uad ia"  reinforced roof
6. suggesting light colo concrete for the patio 
ground cover.
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Thermally Improved Bajareque Wall


