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A FUTURE THREAT FOR THE TROPICS SITE SELECTION

THE ALTERNATIVE: SUSTAINABLE AND RESILIENT ARCHITECTURE
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CLIMATE CHANGE = RISK FOR TROPICAL COMMUNITIES

The Earth’s tropical belt is defi ned as the region between the Tropic of Cancer 
(23.5 degrees north latitude) and the Tropic of Capricorn (23.5 degrees south 
latitude). Global warming, which causes an increase in the Earth’s average 
temperature, triggers various alterations in the atmosphere and oceans. These 
changes lead to shifts in weather patterns and result in the expansion of the tropics.

The main driver of tropical expansion is the modifi cation of the Hadley cir-
culation, a large-scale atmospheric circulation pattern that signifi cantly in-
fl uences the confi guration of the Earth’s climate zones. As the Earth’s sur-
face warms, the temperature contrast between the equator and the poles 
decreases. This temperature contrast is a key factor in shaping atmospheric 
circulation patterns. As this contrast decreases, the Hadley circulation tends 
to extend poleward, resulting in the widening of the tropical belt.

Tropical expansion has several consequences, such as alterations in rainfall 
patterns, ecosystem changes, and the potential to infl uence weather pat-
terns in mid-latitude zones. These transformations can substantially impact 
agriculture, water availability, biodiversity, and human communities in tropi-
cal and temperate zones.

A specifi c site had to be selected to develop a project 
in detail. Among the tropical countries mentioned be-
fore, Ecuador offered an excellent diversity of climatic 
conditions which could lead to a more versatile project 
concerning the rest of the candidate entities. Moreover, 
Ecuador has a reasonable data basis for territorial and cli-
matic research, enriching the outcomes of this work. The 
following are the main criterion that were used to select 
the site in this country. From the existing Köppen Classifi -
cations for tropical climates, the “Tropical Savanna (Aw)” 
was selected since it is the one with the most signifi cant 
extension over inhabited areas. 

This fi rst criterion brought attention to the western plains 
of the Andean Mountain range. This vast basin spans the 
provinces of Santo Domingo, Los Ríos, Manabí, and Las 
Guayas. Since the purpose of this thesis is to develop 
a project for a housing system, the following criterion 
consisted in identifying the “Cantones” (an administra-
tive delimitation in Ecuador) that presented the most un-
favored conditions in housing availability, as well as the 
most urgent need for decent housing according to the 
local demographic growth.

Of these areas with housing necessities, 
the one selected was the “canton” of “El 
Empalme” because of its socioeconom-
ic and infrastructure concerns. According 
to local data, “El Empalme” communities 
suffer predominantly from poverty and the 
lack of sewage and water supply. Since the 
present thesis aims to approach sustain-
ability in architecture through the concept 
of circular economy, which among other 
benefi ts, it offers a more affordable way 
to produce architecture simultaneously 
to a certain degree of self-suffi ciency, it 
was considered that “El Empalme” could 
be the ideal area to fi nd the site of the 
project. Las Guayas is a small town in the 
canton, located amid the dense rainforest 
and crossed by a stream from the Saiva 
estuary.

According to the Fifth Assessment Report of the IPCC, in tropical coun-
tries, extreme events can have particularly pronounced effects due to the 
region’s vulnerability to climatic changes. This vulnerability is due mainly to 
poverty, inadequate infrastructure, and limited resource access. The report 
emphasizes that these vulnerabilities can exacerbate the impacts of extreme 
events and hinder effective adaptation. The report says that many tropical 
regions are experiencing an increase in the frequency and intensity of ex-
treme weather events. 
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The Circular Economy, 100 innovation programs published a report where 
the ReSOLVE framework is presented as a guideline and evaluation tool. 
The framework consists of six forms in which circularity can be approached 
by public and private institutions: Regenerate, Share, Optimize, Loop, 
Virtualize, and Exchange (CE100, 2016). 

According to Norbert Lechner, the sustainable 
design of buildings can be accomplished by the 
logic of the three-tier approach. The fi rst tier 
stands for basic design of the building, the sec-
ond involves the use of natural energies and pas-
sive techniques, whereas the third represents the 
use of active systems to provide the comfort that 
was not possible to achieve by the two fi rst.

The following is an analysis of vernacular architecture case studies, which 
can be found in the tropical stripe of the planet, focusing on the bioclimatic 
solutions that archaic builders used to enhance living conditions. These cas-
es have been selected due to existing studies on their successful bioclimatic 
performance and constructive local wisdom.

Following the design for circularity 
guidelines, the building systems con-
sidered for the project were those 
based on natural materials and re-
newable sources. GaK has been used 
as a construction material for various 
structures since pre-Hispanic times. 
Even now, structures erected over a 
century ago using Guadua angusti-
folia Kunth
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Passive techniques
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THE PROTOTYPE STRATEGIES
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MODULATION OF BAMBOO

The most common natural material in the area 
is Bamboo Guadua. There is an abundant sup-
ply of reed and stone due to the proximity to 
the river. Earth can be obtained through exca-

vation 

Bamboo and 
reed

Conventional Row (proposed)

Earth Local stone

12m

4.5m 4m

The modules were arranged in a row layout 
that ensures that all the main living spaces have 

cross ventilation and natural light. This logic 
also enhances the effi ciency of appliances by 
being set in a single row, instead of complex 

networks.

By sorting the “served” and “servant” spaces 
under the logic of the row, different heights can 

be provided. This allows to create ventilation 
ducts which can make cross ventilation to take 

place. 

The structural module aims to reduce the 
waste of material. The modulation works in 
a grid of 9.50 by 4.00 since both numbers 
are multiples of 12, which is the average 

usable length of bamboo.
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Firstly, the housing typologies would 
be selected and stacked in accor-
dance to the needs. The resultant is a 
system that works as the infrastructure 
for the following layers.

The devices are additional modules 
that are installed to the “hardware”. 
From roofs to façade devices, these 
devices enhance the comfort condi-
tions through passive strategies. 

The fi nal layer are the new inhabi-
tants and its footprint to the structure. 
Through a wide range of options of 
devices and fl exibility, the user can 
modify the aspect and performance 
of the building to comply with cultural 
and aesthetic requirements.

The system aims to offer 
the possibility to extend 
the units without affect-
ing its functionality and 
performance. 

House modules connect 
to each other in one di-
rection, so extension 
modules attach perpen-
dicularly.
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“Devices” and possible extensions

STRUCTURE AND RESILIENCE

HEAT AVOIDANCE

COOLING

LIGHTING AND ACTIVE SOLAR

Since natural ventilation 
may not be enough some 
days, ceiling fans induce 
windfl ow with low energy 
consume.

Mixing vertical and hor-
izontal shading systems 
can offer the best pro-
tection while keeping 
the visual asset of the 
opening.

The high thermal mass of 
the indoor partitions made 
of earth allow to take heat 
from users by radiation. 

The houses would be set 
in order to avoid overheat-
ing from the sun, there-
fore facing either north or 
south. 

Wind speed increases the 
user’s comfort zone by 
evaporative cooling. The 
main spaces face both 
sides to allow windfl ow

According to Lechner, a light shelf can in-
crease the light penetration up to two times 
the height of the opening. 

By the use of solar panels, the 
system can make use of sun 
radiation that is abundant in 
this latitude

Strategies like the light shelf 
and skylights on the upper 
fl oors can reduce energy de-
mand of the users.

Firstly, the housing typologies would be selected and 
stacked in accordance to the needs. The resultant is a 
system that works as the infrastructure for the follow-
ing layers.
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