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Definition

Bio-construction seeks to build based on solu-
tions with greater integration with the environ-
ment and with minimal environmental impact.
This process prioritizes the use of natural and
local materials, uniting ecology, architecture
and urbanism (Amaro 2017). Thus, this proposal
can meet principles of sustainability not only
during the construction period, but also post-
construction, seeking to bring about social, eco-
nomic and environmental benefits.

Introduction

The construction industry is causing significant
impacts on the environment. In the construction
of buildings for various purposes, as well as infra-
structure projects in general, there is the power
consumption from the extraction materials phase
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to demolition. Moreover, it is also great given the
impact of nonrenewable resources use. In this
context, it is important to emphasize that such
impacts are not restricted to the natural environ-
ment. The construction industry uses a vast range
of materials, many of which contain chemicals
whose action on human health is still unknown,
exposing to risks both users of the buildings, such
as those who participate in their production and
employment (Sattler 2002).

Colombo et al. (2006) mention that if society
consider the purely technological development,
the future of construction will follow the path of
execution with the use of pre-made materials that
result in an increasingly faster execution as in the
case of allocation with equipment precast ele-
ments and even the substantially complete build-
ing. However, this model has proven to be
destructive for the key elements of a good quality
of individual and collective life and therefore
needs to be associated with or even replaced by
a more organic model, resulting in the construc-
tion of environments that allow the continuation
of a life in harmony with the environment.

Thus, the construction sector has to be neces-
sarily approached from the point of view of sus-
tainability. In this perspective, we can consider the
past of construction and aggregate the present
knowledge, showing, this way, an alternative to
a future for the construction and future of life on
the planet. The future of construction, then, may
be related to bio-construction models that com-
bine the present technologies with the previous
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models, generating a model to be done on a
smaller scale and with no or little industrial mate-
rials. So, it becomes more organic because it fol-
lows the model of nature without causing impacts
just like the current buildings cause (Colombo
et al. 2006).

Bio-construction unites ecology, architecture,
and town planning, prioritizing the use of natural
materials (earth, wood, bamboo, stones) and the
region, “aimed at building solutions with minimal
environmental impact and greater integration with
nature, identifying the building as a living organ-
ism, with its lifetime, transformations and needs”
(Amaro 2017, pp. 45-46).

This view meets the principles of sustainabil-
ity, which increasingly need to guide the construc-
tion, given that it is considered one of the sectors
that cause severe impacts on the environment due
to the high consumption of materials and energy
and to the high waste generation. According to
Cantarino (2006), companies have invested in
environmental responsibility, and many of them
are specializing in bio-construction that combines
ancient and innovative technologies to ensure
sustainability not only in the construction process
but also in the post-occupancy houses and apart-
ments period.

One may consider:

Use of raw materials, recycled or natural, available

on-site; management and water saving such as reuse

or use of rainwater; alternative energy sources such

as solar heating and wind energy; selective collec-

tion and recycling; construction techniques based

on the use of clay, straw or bamboo. The bio-

construction covers a range of technologies and

the ecological, economic and social viability of

their application mainly depends on the assessment
of the job site. (Cantarino 2006, p. 46)

Proposals such as bio-construction can collabo-
rate directly with Agenda 2030, which is a plan of
action for sustainable development. Among other
important issues, the document seeks to promote
the protection of the planet from degradation,
considering both sustainable consumption and
production, sustainable management of its natural
resources, and urgent action to combat climate
change, so one can meet the needs of present
and future generations (United Nations 2015).

Thus, this article aims to present a reflection on
the role of bio-construction as an instrument that
can contribute in promoting sustainability in con-
struction sector, considering the social, economic,
and biophysical dimensions that are present in the
current discussions on the social and environmen-
tal problems.

Bio-construction and Sustainability

According to the Institute of Permaculture
(IPOEMA), bio-construction involves several ver-
nacular architecture techniques, some of them with
hundreds of years of history and experience, pre-
senting a characteristic preference for local mate-
rials, which allows, among other factors, the
reduction in spending with manufacturing and trans-
portation and the construction of housing with
reduced cost and offers excellent thermal comfort.
This practice includes aspects such as creativity,
personal will, and ecological solutions adapted to
each case and that considers local characteristics. It
should be noted that bio-construction techniques
search the maximum use of available resources
with minimal impact at the stages of planning, exe-
cution, and use of the -construction project
(IPOEMA 2017).

It is important to mention that bio-construction
is related to the concept of vernacular architecture
that differs from primitive architecture, given that
its main characteristic is harmony with the envi-
ronment, not only from a material point of view
but also folkloric and cultural (Teixeira 2008). For
the author, in general, the original term is related
to something that has little research or technolog-
ical development, unlike the vernacular architec-
ture that uses professionals to its construction and
takes into account the place and the microclimate,
respect with other people and their houses, and the
natural and built environment. So, there is a utility
and sense of community, searching simplicity in
construction solutions, being able to use tech-
niques and materials belonging even to a pre-
industrial era (Teixeira 2008).

In addition to its relationship with the concept
of vernacular architecture, according to IPOEMA
(2017), bio-constructions are important elements
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of permaculture, seeking the integration of units
built with their environment. For Mollison (1999),
permaculture promotes energy, human food, and
housing balanced with the environment, from the
design, implementation, and maintenance of pro-
ductive ecosystems that maintain diversity, stabil-
ity, and resilience of natural ecosystems.
According to Soares (1998, p. 4), a permaculture
project “results in seamless integration between
people and the landscape, providing food, energy
and housing, among other material needs and
non — materials in a sustainable manner.”
Complementing the above concepts, it is worth
mentioning Mantovanelli (2012, p. 1), to whom
“permaculture proposes systemic thinking and the
conception of ecological principles so that the
planning, management and improvement of the
efforts made by individuals and communities can
guide a viable future.”

Jacintho (2007) explains that permaculture is
the planning and implementation of sustainable
human occupations, combining traditional prac-
tices with modern knowledge of the areas, espe-
cially in agricultural sciences, engineering,
architecture, and social sciences, all addressed
from the perspective of ecology. According to
the author, for this process it is necessary to con-
sider the permaculture design established in the
area which there is a plan that involves, in addition
to the technical aspects of the necessary actions,
temporal and economic suitability of implemen-
tation and a willingness to adapt to environmental
conditions where applicable (farms, rural settle-
ments, villages, urban areas, residential lots, etc.).
Local environmental condition is the biggest dif-
ference between permaculture design and other
modes of occupation, planning, and land use. In
general, traditional enterprises start from the pre-
mise of changing the physical and environmental
reality in favor of a certain goal, “while planning
to use permaculture methodology will try to fit the
desired objectives for the environment, respecting
its ecological dynamics and taking advantage of
local resources positively” (Jacintho 2007, p. 39).

Considering the concepts and proposals of ver-
nacular architecture, permaculture, and permacul-
ture design, presented above, it is noted that bio-
construction is a key component to the interaction

of construction processes with the conservation of
the environment, thus providing more sustainable
actions.

According to the Ministry of Environment
(ME), bio-construction is “building sustainable
environments through the use of low environmen-
tal impact materials, with suitability of local cli-
mate architecture and waste” (ME 2008, p. 9). In
this process, the building systems are environ-
mentally friendly during the design phase and
construction (in the choice of materials and suit-
able building techniques) and along the building
use (energy efficiency and treatment of waste)
(ME 2008). Camillis (2017) points out that bio-
construction techniques vary from place to place,
since the materials available are different
depending on geography and location. Bee
(2015) reinforces this view by mentioning that
building with natural materials or the ones avail-
able locally requires research on what works best
in each region.

The bio-construction incorporates in its pro-
posal factors such as considering waste as
resources, using local materials, valuing tradi-
tional architecture, building considering the
weather, and enjoying the natural energies, as
shown in Table 1.

In addition to these factors, there are many
techniques that fit the profile of bio-construction,
and practically every region of the world had at
the beginning of its construction a more natural
and organic model. It’s worth remembering that
the term bio-construction is much more recent
than the used techniques, since the term was
developed in the 1970s, while some techniques
are thousands of years dated (Colombo
et al. 20006).

According to Keeler and Burke (2010, p. 130),
“alternative building techniques reflect the hands
that mold, and, therefore, are often seen as rudi-
mentary structures built by the need to use locally
available materials.” However, even though this
fact is generally true, now these techniques have
gained increasing credibility due to modern
interpretation.

Camillis (2017) also explains that the different
techniques of bio-construction permit addressing
the discussion about the possibility of making
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Bio-construction Potential for Sustainability in Sao Paulo, Brazil, Table 1 Factors to be considered in

bio-construction

Consider waste as a resource

Using local materials

Valuing traditional architecture

Build considering the weather and
enjoy the natural energies

In bio-construction, building a house or planning a community must take
into account the treatment of different waste. Furthermore, it is essential to
reduce the amount of waste generated

Whenever possible, it is necessary to opt for conscious and sustainable use
of local materials such as earth, stone, straw, wood, etc.

Since the progress of industrialization in the nineteenth century, traditional
building techniques have been abandoned. People with few financial
resources have less access to industrial goods and follow making the use of
ancient techniques such as adobe, the stick-and-daub, and mud mortar.
These techniques are associated with low-income population, which
creates prejudice that remains to this day. On the other hand, society has
experienced a time of breaking of this prejudice. This is due both to the
recovery of original materials of historical monuments and to a growing
concern for the environment. It is known that the construction industry is
one of the activities that consume more energy and natural resources of the
planet. Increasingly, organizations around the world seek a bailout from the
traditional way of building, incorporating new technologies to optimize the
construction processes

In bio-construction are used the most of natural energies, like the sun and
the wind. When building a house, for example, one must take into account
the local climate. It is also important to consider the rainy season and the

wind regime in the region

Source: The authors based on Ministry of Environment (2008)

different efforts and from the cooperation demar-
cating collective wills — both from individual and
society. “The bio-constructor makes the clay and
the clay does bio-constructor; this ‘do’ is only
possible in cooperation — the relationship”
(Camillis 2017, p. 37).

To Sattler (2002), to search for a form of sus-
tainable construction transcends the simple pro-
duction of a built environment, because it must be
sustainable also in social and economic terms.
Thus, bio-construction goes beyond the use of
environmentally friendly materials and involves
cultural, economic, social, political, and philo-
sophical to promote a sustainable environment.

According to the Ministério do Meio Ambiente
(Ministry of Environment 2008, p. 9), a sustain-
able environment is one that “meets the housing
needs, food and energy ensuring that future gen-
erations will have to meet the same needs.” Thus,
it is necessary to think about sustainability at the
local level (beware of the earth, sustainable man-
agement of forests, conscious extraction of
resources) and globally. To contribute to building
a more sustainable world is necessary, for exam-
ple, consume -carefully, giving preference to

products from the region, and choose to use
renewable energy.

It should be emphasized that building a sus-
tainable environment provides autonomy to the
communities and the field of construction tech-
niques and the upgrading of traditional techniques
are a step closer to that autonomy. In this perspec-
tive, the communities do not have to depend on
external resources to the environment where they
live. Therefore, if there is conservation of the
environment, society will have the resources nec-
essary for their survival and future generations as
well (MMA 2008).

Considering the bio-construction characteris-
tics and its importance for sustainability, the fol-
lowing item presents an analysis of construction
techniques aimed at greater integration with the
environment, environmental conservation and
promotion of a sustainable environment.

Case Study: Espaco Maita, Braganca Paulista,
SP, Brazil

The bio-construction, as mentioned above,
involves several techniques that have been
perfected over time and is characterized by the
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preference for local materials, reducing expenses
with manufacturing and transport, and allowing to
build with low energy demand, appropriate to the
weather and local landscape (Colombo
et al. 2006).

With the passage of time and constant
improvements in used construction techniques
and technologies, humans started to look for a
single model of construction, reducing the variety
of materials and ignoring local needs. Searching
for this model, the environments are becoming
increasingly sterile and isolated from nature and
consume more and more nonrenewable materials,
and we do not care about environmental
responsibility.

This type of construction has the need to create
a standard way of construction, tending to be a
constructive method much faster and not caring
about different environmental conditions, which
ends up creating spaces that consume more and
more energy, often needing ventilation, air condi-
tioning, and artificial lighting (Pinha et al. 2015).

Seeing the need for more sustainable bio-
construction proposals has proven to be a more
viable alternative to the present building system.

According to Soares (1998), it is known that the
construction industry is the human activity that
consumes natural resources and energy at the
most, and so it is necessary to minimize the
impacts from this activity, with the goal of better
use of resources, recycling of materials, develop-
ment of new technologies, and reducing energy
consumption during construction, operation, and
maintenance. For always thinking of a better rela-
tionship with the environment, bio-construction
should employ techniques and materials that are
best suited to each mode of construction and cli-
mate, minimizing environmental impacts by using
renewable resources and integrating the building
to the environment and society.

In this perspective, from the studies carried out
in a research project developed in center of study
and research of Atibaia College (CEPE/FAAT),
this work demonstrates some techniques related
to bio-construction used in Espaco Maita, located
in Braganga Paulista, Sdo Paulo, Brazil.

The Espaco Maitd (Fig. 1) is an institution
devoted to the promotion of experiences with
social and environmental focus, which include,
for example, several courses related to

-
i

Bio-construction Potential for Sustainability in Sdo Paulo, Brazil, Fig. 1 Espaco Maita. (Source: The authors

2017)
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Bio-construction Potential for Sustainability in Sdo Paulo, Brazil, Fig. 2 Mud wall. (Source: The authors 2017)

environmental education, medicinal plants, agro-
forestry, and bio-construction, among others. It has
become a model in the region and uses and teaches
various construction techniques to reduce environ-
mental impacts (Espaco Maita 2017).

The building in question is located in an area of
9 ha and was built from the perspective of bio-
construction with materials found in the region,
many of them taken from the property. The pro-
posal merges more traditional techniques, such as
mud walls, and more current, such as the use of
soil-cement brick. As a basic concept, everything
has been designed to generate minimal impact,
and, during the construction process, a number
of techniques that allow to re-evaluate the way
the building is seen today were used. It is a build-
ing designed to integrate function, environment,
and society.

One of the techniques used in Espaco Maitd is
the mud wall (Fig. 2), which uses as starting
material earth, straw, and bamboo. This tech-
nique has low production cost and generates
passive thermal comfort (Lengen 2014; MMA
2008; Keller and Burke 2010). The walls were
built strategically to protect the construction
from strong winds, and elsewhere the ambiances
do not have walls, in order to integrate the inte-
rior with the exterior of the building. The land is
used as the main material for building this
construction.

The choice of this material was made due to its
abundance at the site and because it causes low
environmental impact, since it does not need
much processing and, moreover, does not require
transport, which minimizes the CO, emissions.
The process of construction of the entire project
involved collaborative efforts with participation
of several people from the local community, in
which the techniques taught were put into prac-
tice. This form of work develops a new environ-
mental relationship between the building
environment and society.

In addition, soil-cement bricks were used
(Fig. 3), made from ground raw material and
concrete. This technique creates blocks with this
mixture, which are stacked to form a wall. These
blocks are easy to construct and facilitate the
passage of plumbing and electrical ducts and,
being rapidly built, generate large passive thermal
comfort, and the mud walls has low cost of pro-
duction and offers other aesthetic standard to the
construction. In manufacturing, burning is not
required, and the bricks can be manufactured on
site, because it is a simple mixing process.
Another advantage of using this material is that
none of it is wasted, as the broken bricks can be
grounded and reused (Motta et al. 2014; Tajiri
etal. 2011).

In order to use natural light, the technique of
zenithal opening was used (Fig. 4), consisting of a
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Bio-construction Potential for Sustainability in Sao
Paulo, Brazil, Fig. 3 Wall made with soil-cement bricks.
(Source: The authors 2017)

window in the roof using natural light and
avoiding the need for artificial light. It reduces
energy consumption in illumination during the
day and may be a complement to lighting already
generated by the windows. This window was also
used to generate a greater comfort to the environ-
ment users where it was installed (Lengen 2014;
MMA 2008; Tajiri et al. 2011).

Regarding the wastewaters, the Espaco Maita
captures rainwater (Fig. 5) that is stored in tanks.
This technique allows rainwater reuse and more
consciously use of drinking water provided by the
municipal water network and provides savings on
consumption and also promotes security of sup-
ply. The water collected is not for consumption,
but is used in various activities such as washing
internal and external areas, irrigation, and toilet
use (Lengen 2014; MMA 2008; Tajiri etal. 2011).

Still in relation to management of water, the
evapotranspiration system (Fig. 6) in this location

Bio-construction Potential for Sustainability in Sao
Paulo, Brazil, Fig. 4 Zenithal opening. (Source: The
authors 2017)

collects and treats the black water. The wastewater
is decomposed into the system, which avoids the
pollution of soil, surface water, and groundwater. In
this system, human waste is transformed into plant
nutrients, and water by evaporation is the output,
which is completely clean. It is important to empha-
size that all treatment is biological, with no use of
chemicals (Galbiati 2009; Solomon et al. 1998).

Finally, the green roof (Fig. 7) present in
Espaco Maita replaces the traditional cover tiles
for plants, which, in addition to providing thermal
insulation, has the function of creating a micro-
biome. This technique allows a temperature drop
inside the building in hot weather, and, in cold
days, the thermal blanket reverses this effect,
causing the heat to stay inside the house, barring
the low temperature. It also features easier main-
tenance than common tiles, but one should take
some precautions, like watering in times of
drought, because, as it has little soil, the roots
tend to dry out easily (Lengen 2014; MMA
2008; Tajiri et al. 2011).
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Bio-construction Potential for Sustainability in Sao Paulo, Brazil, Fig. 5 Rainwater capture. (Source: The authors

2017)

Bio-construction Potential for Sustainability in Sao Paulo, Brazil, Fig. 6 Evapotranspiration system. (Source: The

authors 2017)

To conclude the presentation of the case study
in Espaco Maita, it is worth mentioning that in the
local are held several training practices, which use
bio-construction elements, such as the green roof
and mud wall techniques and educational tools
connected with the local environment. Thus, it is
noted that, in addition to a set of techniques and
methods, bio-construction is an important instru-
ment for the promotion of actions aimed at sus-
tainability, as well as education of individuals, an
essential factor for ensuring the conservation and
quality of life on the planet.

Final Considerations

The construction industry, besides being highly
impactful, dictates constructive standards and
processes and reduces people’s autonomy and
diversity of constructive solutions. Thinking
about the large existing bioclimatic differences
in locations, and the great diversity of materials
that can be used in construction, the standardiza-
tion of materials and construction techniques is
inadequate.

In this sense, it is critical to reflect on bio-
construction, especially those aspects related to
sustainability, durability, and comfort. Sustainable
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Bio-construction Potential for Sustainability in Sao Paulo, Brazil, Fig. 7 Green roof. (Source: The authors 2017)

buildings can be very comfortable, efficient, non-
toxic, and durable, with high aesthetic and envi-
ronmentally friendly standards.

In addition, the development of this work
showed that the adoption of this practice goes far
beyond the choice of techniques and environmen-
tally friendly materials. It is a collaborative pro-
cess, educator and transformer, to the extent that
bio-constructors may have a deeper contact with
the environment in which they live, share, and
receive knowledge, besides contributing to envi-
ronmental conservation and improving the quality
of life.
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