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Modern civilization is facing the dichotomy of rapid development of infrastructure that makes concrete as most
traded material on the earth other than water. However, the production of cement, key ingredient of concrete,
releases roughly a tonne of CO2 into the environment with each tonne of cement production. The environmental
concerns and sustainability issues associated with cement and concrete necessitate alternative and better
approach in the construction. Nature, on the other hand, has a plethora of examples of sustainable habitats
such as coral reefs, silk webs and ant hills. Recent advances in biotechnology have great potential of emulating
nature’s way of building in modern days infrastructures at a scale that would sustain increasing population. Fur-
ther, many of the biological materials of nature, be it ceramics or polymeric composites formed in the process of
biomineralization, provides basis for sustainable construction. This paper elaborates nature’s way of construction
based on biomineralization and discusses the progress of different biological pathways for sustainable construc-
tion. Mainmilestones achieved have been identified and the effect of biological intervention on the properties of
structural materials has been highlighted. Variety of applications of biomineralization based technology in the
construction has been reported. The paper briefly documents the future directions of the technology.
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1. Introduction

Development of modern infrastructure such as roads, bridges and
buildings has proven to bring in economic prosperity. The emerging
economies are now emulating the developed ones in rapidly building
their infrastructure, resulting in the consumption of construction
materials such as cement, brick and steel is at their record highs
and it is predicted to grow for the next fifty years (Schneider et al.,
2011). As a result, the construction industry accounts for half of glob-
al resource usage, up to 40 percent energy consumption and up to 20
percent of the emission of greenhouse gasses. Experts have
expressed serious doubts about the sustainability of the present con-
struction technologies. Development of an alternative method of
construction that does not hinder the progress of infrastructure
and at the same time does not cross the boundaries of sustainability
would be a great step to avert the crisis. Nature has been building its
habitats for millions of years in a sustainable way. It is worthwhile to
examine the natural ways of building habitats and to what extent
they can be emulated in engineering construction.

Many building materials use huge quantities of energy and
produce high volumes of CO2. Steel, brick and concrete are prime
among them. However, in the last century use of concrete has
surpassed all other building materials by a huge margin. Ordinary
Portland Cement (OPC) is a vital construction material and also a
strategic commodity (Vlasopoulos, 2010) with a market dominat-
ed by China, which is attributed to 57.3% of global consumption
(CEMBUREAU, 2012). Despite the incremental improvements in
process efficiency that have been adopted by the cement industry
in recent years, OPC production is still responsible for around 6%
of all anthropogenic global CO2 emissions. In the current global set-
ting, building construction and operation results in 50% of all CO2

emissions worldwide. The push to reduce global CO2 emissions is
backed by governments, corporations and citizens who understand
that the present rate of release of greenhouse gases into the atmo-
sphere is a serious threat to future life and prosperity on the planet.
Cement never appears to become a sustainable material (Gerilla
et al., 2007).

Further, materials for infrastructure such as concrete, have been
developed with a sole focus on strength believing that other func-
tional requirements such as durability, thermal or hygral passivity
would be automatically achieved. However, in reality, infrastruc-
ture materials have been found to degrade rather rapidly due to
natural as well as anthropogenic causes. Often the situation is ag-
gravated due to high CO2 concentration in the atmosphere. The ag-
gressive elements enter the concrete that has direct impact on the
corrosion of reinforcements (Pacheco-Torgal and Labrincha, 2013).
Corrosion leads to cracking and spalling of concrete that creates
pathways for intrusion of deleterious materials. They affect other
functional requirements such as hygral and thermal insulation.
Synthetic agents such as epoxies and polyurethanes, water repel-
lents such as silanes or siloxanes, and corrosion inhibitors such as

cationic surfactants are often not compatible with their substrates
and sometimes toxic.

On the other hand, Nature has been building habitats such as ant
hills, coral reefs and spider webs in a sustainable manner for millions
of years. The materials are synthesized at ambient conditions (thus
requiring very little energy) and they are optimized to multifunctional
requirements. For example, the spider’s web needs to be resilient to
be able to tangle the prey and stiff to maintain its shape. Thus, the silk
of the web frame and drag lines is more than 1000 times stiffer than
the catching spirals (Omenetto andKaplan, 2010). Although the present
technology cannotmatch the versatility of construction by nature, there
arewonderful lessons to be learnt. Moreover, there are early indications
of adaptability and scalability of some of the biological processes of
nature in the construction industry (Achal et al., 2010a, 2011a; Achal
and Mukherjee, 2015).

This paper provides a critical review on nature’s ways of con-
struction. As the discussion focuses on concrete, biocementation,
its pathways andmechanisms, and its application in various building
materials have been highlighted. A discussion on the economics of
this novel biotechnology is provided. Challenges and future work
on biocementation in construction are also outlined.

2. Nature’s ways of construction

A large number of high-performance prototypes has been created by
nature that humans can reverse engineer and in turn use as inspirations
for creating synthetic products with similar superior performances
(Ballarini and Buehler, 2013). There are inexhaustible sources of inspi-
ration that come from nature, be it ceramic (tooth enamel, mollusk
shell, spicules in sponges, diatoms), polymeric (arthropod exoskeleton,
silk, plant cell walls), or fairly balanced composites (feathers, antlers,
bones). Biological materials consist virtually of all composites utilizing
basic components in different proportions andof a variety of structural ar-
chitectures with high mechanical strength. Such materials are developed
by nature by means of growth or biologically controlled self-assembly,
adapting to the environmental conditions and using the most commonly
foundmaterials. Thesematerials are composed of only about 10% of about
100 stable elements found in nature. They are notably light, restricted
within the first two rows of the periodic table. The principal elements in-
clude hydrogen, carbon, oxygen, nitrogen, phosphorous, sulfur, silicon,
and calcium. Commonmetals such as iron, copper and aluminium are ei-
ther absent or found in minute quantities, e.g. iron oxide in radular teeth
of chiton (Saunders et al., 2009). Most likely, reason for absence of metals
is that the high temperatures necessary for processing of metallic ele-
ments are not amenable natural organisms (Chen et al., 2012).

Biological organisms produce composites containing both inorganic
and organic components in complex structures, organized in terms of
composition and structure, which provide properties for multifunction-
al performance. Table 1 specifies the major components responsible for
mechanical strength in biological materials for natural habitats. Coral
reefs and bone consists of calcium phosphate and collagen, respectively.
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