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Building Earth and Low Carbon Initiatives
For Sustainable Housing in Nigeria
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Abstract---- Housing need in Nigeria is continuously on
the increase both, in the rural and urban areas. Studies have shown
overwhelming evidences of the appalling situation of housing in
Nigeria, as it is the case in most Less Developed Countries. Housing
development however could be greatly facilitated by recourse to the
use of improved building materials of earthen origin. The materials
offer low carbon solutions in housing thus contributing to the
development of sustainable housing. Sustainable housing is
environmentally-conscious housing that seeks to minimize the
negative environmental impact of buildings by enhancing energy
efficiency, moderation in the use of materials, and development of
space. This is important in enhancing health, welfare, and
productivity of occupants of buildings, and it is cost effective. This
paper appraises the use of building earth and supplementary
cementitious materials as low carbon initiatives in sustainable
housing in Nigeria. It asserts that the development of sustainable
housing could be readily achieved in Nigeria with the adoption and
use of building materials of earthen origin and some supplementary
cementitious materials.
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|. INTRODUCTION

The development of housing is of paramount
importance in the socio-economic growth of a nation and in
the lives of individuals. Housing is recognized as an essential
requirement for human existence [1]. It transcends shelter, the
functions of which are protection from the elements of
weather, safety from human vices and animal predators. It
encompasses the services and amenities provided in the
dwelling unit and the environment within which this is
situated. It is therefore the total environment where man lives
and grows, that meets his biological, physical, and material
needs [2]. Housing facilitates the development of human
potential and adequacy in it enhances the health, well-being,
and productivity of people [3].

Housing development stimulates the economy of a
nation and it is a basis for guided urban development. The
multiplier effect on the economy is enormous since residential
construction usually generates employment and involves huge
financial investment. The heterogeneous nature of the housing

Olotuah M. Ayobami, Federal University of Technology Akure, Nigeria
Olotuah A. Albert, Ahmadu Bello University Zaria, Nigeria
Olotuah O. Abiodun, Federal University of Technology Akure, Nigeria

https://doi.org/10.17758/EIRAI4.F0918120

24

market offers the opportunity for a wide range of goods and
services that have economic benefits for tradesmen,
manufacturers, and suppliers, aside from housing
professionals.

The housing problems in urban centres in Nigeria
encompass qualitative and quantitative deficiencies in the
existing stock. The problems result mainly from the rapid
urbanisation occurring in the country. The rate of formation of
urban centres has climbed steadily over the years. In the 1930s
only 7% of Nigerians lived in urban centres. In 1950 the
percentage had risen to 10%, and by 1970, 1980, and 1990,
the percentage of Nigerians that lived in cities were 20%, 27%,
and 35% respectively [4, 5]. According to the 2006 Census
result, the population of Nigeria was about 140 million,
showing an overall population growth rate of about 3.2% over
the 1991 Census [6]. The urban growth rate is usually more
than the rural growth rate with the capital city Abuja growing
at the rate of 9.3% [7-9]

Studies have shown an overwhelming evidence of the
deplorable and pathetic housing conditions in which the vast
majority of urban dwellers in Nigeria live [10-15]. These show
the preponderance of sub-standard and structurally unsound
houses found in urban centres in Nigeria. The buildings are
often constructed with poor quality materials with walls of
poor sandcrete blocks, and concrete containing excessive
quantities of dust and clayey matter. In most cases the
environment in which the buildings are located is squalid, and
this generally leads to slum conditions [16].

Earth is reputed to be man's oldest building material. A
third of the population of the world still resides in houses built
with earth materials [17]. The vast majority of these are in sub-
Saharan Africa and Asia. This paper examines the use of earth
materials as building materials, and which are readily available
in Nigeria, in sufficient quantities, to support the development
of sustainable housing. Sustainable housing ensures
satisfaction, well-being, and productivity of users, and is
environmentally-friendly. This paper examines low carbon
initiatives in housing development in Nigeria based on the use
of stabilized soil blocks, solid interlocking blocks, and
supplementary cementitious materials. Energy-efficiency in
buildings can be achieved through the adoption and use of low
carbon initiatives in housing construction. Stabilized soil
blocks and solid interlocking blocks have been shown to give
low carbon solutions because of the rational use of natural
resources, energy efficiency, elimination or reduction of
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generated waste, low toxicity, and water conservation [18].
Stabilized soil blocks, solid interlocking blocks, and
supplementary cementitious materials are readily available in
Nigeria and can be wuseful for sustainable housing
development. Their use is for the purpose of reducing
embodied energy in construction of houses and the reduction
of operational energy in housing use.

I1. HOUSING AND SUSTAINABILITY

Sustainable housing is environmentally conscious
housing in which the negative environmental impact of houses
is minimized by enhancing efficiency and moderation in the
use of materials, energy, and development of space. The
adoption of low carbon materials and construction techniques
is a pragmatic approach to sustainable housing. This is
important in enhancing health, welfare, and productivity of
occupants of houses.

Housing is one of the four most important needs of
mankind; the others being food, clothing, and medical care.
The place of housing in human life is eminent necessitating its
adequate provision in quantitative and qualitative terms.
Housing, as a process, is the all-encompassing phenomenon of
the creation of the living environment for human. It caters for
human biological (clean air, water), psychological
(satisfaction, contentment, prestige, privacy, choice, freedom,
security) and social (interaction with others, human
development and cultural activities) needs and is beneficial for
human development.

Housing is paramount to quality of life and consumes
large amounts of resources in its construction, maintenance,
and use, and it thus contributes significantly to sustainability
[19, 20]. The building industry consumes 40% of the
materials entering the global economy, and is responsible for
almost half of the global greenhouse gases [21].

The use of low carbon earth materials is indigenous in
Nigeria. Building earth is the traditional material for
construction and is available vastly in the country. Extensive
research has been carried out in the country, notably by the
Nigerian Building and Road Research Institute (NBRRI), and
has resulted in the use of stabilized blocks and solid
interlocking blocks for walling, offering low carbon solutions
[22]. Model experiments have been carried out in Nigeria with
the use of these materials in mass housing projects.

Achieving sustainability in housing requires seeking
solutions relating to energy saving, emissions control,
production and application of materials, and the use of
renewable resources since carbon dioxide (CO,) is emitted to
the atmosphere in great quantity through the whole life-cycle
of a building. Carbon dioxide (CO,) is emitted into the
atmosphere during the production of building materials, the
construction, renovation, rehabilitation, and demolition of a
building [23].

Energy use in buildings comprise both the direct
(construction, operation, maintenance, and deconstruction) and
indirect (embodied energy of materials) energy. Embodied and
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operational carbon emissions could be reduced by the careful
choice of materials and construction techniques [24].
Embodied energy is the energy used in the production and
distribution of a product or material. It is the latent energy of a
building associated with the materials of construction,
construction process, and maintenance [25]. Embodied energy
is important to energy efficiency and thus sustainability. It is
an indicator of greenhouse gas emission or carbon footprint
and can be used to assess environmental impacts, and hence a
pointer to environmental sustainability [26, 27]

Nigeria is richly endowed in raw materials for the
production of building components and materials [28-30]. The
raw materials include clay (building earth), silicon, iron ore,
limestone, timber, and gypsum. Earth is one of the oldest
building materials known to man. It has been used in various
forms in housing construction depending on the material type
and the technology available. Clay is the building earth that is
commonly employed in housing construction. This is an earth
material of a size of about 0.002mm in diameter usually
brownish or reddish in colour. It is found in an admixture of
other earth materials such as sand and silt. The sizes of these
other materials are close to that of clay and are thus often
difficult to separate from clay. The earth material used for
construction is often a mixture of clay and sand in varying
proportions and is referred to as mud. This is a versatile
material which derives its plasticity from the clay component
and its strength from the sand component. Silt vitiates the
quality of building earth and a mixture of clay and silt is often
so weak that it requires inner reinforcement.

There are large deposits of clay in Nigeria. Clay is
found in all parts of the country. It is perhaps the most
widespread mineral known in many parts of the country [31].
There are various types of clay minerals found in the deposits
across the nation. These include kaolinite (white clay),
montmorillonite, halloysite, attapulgite and illite clay. Kaolin
is the most abundant mineral present in most clay deposits in
Nigeria. The elements present in the kaolinite clays include
silica, alumina, iron, calcium, magnesium, sodium, potassium,
and phosphorous. The clay deposits differ in characteristics
and properties (physical and chemical) from one part of the
country to the other. This is due essentially to their varying
constituent minerals. In the southwestern part of Nigeria, the
most common is the argillaceous clay, which is grainy and
greasy and is often mixed with sandy laterite soil. In Northern
Nigeria, kaolinitic and montmorillonite clay deposits abound
in large quantities. These are found in ferruginous tropical
soils, ferrisols, hydromorphic, and alluvial soils [32].

Good quality building earth needs to be plastic, coherent
and cementatous. While sand gives earth strength, clay is the
binding material providing plasticity and cohesion of the
mixture. Silt, on the other hand causes poor drainage and
actually impedes proper functioning of building earth. Silt is
therefore undesirable in building earth required for
construction. It is however difficult to find a silt-less soil since
its particle size lies between that of sand and clay.

BUILDING EARTH
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The obvious weaknesses of traditionally made sun-dried
blocks are their low compressive strength and low durability if
exposed to rain. The compressive strength of the blocks is
improved upon by controlling the moulding water content and
increasing the compacting pressure during production. The
block-making machine produced by the Nigerian Building and
Road Research Institute (NBRRI) which is hand-operated,
operates with a compaction effort not less than 3N/ mm? Clay
is mixed with water a little above the optimum level and the
blocks are subjected to accelerated drying without shrinkage
occurring during drying, thus giving them desirable
compressive strength. In order to achieve desirable
compressive strength and durability a number of techniques
are employed. Below are examples of improved products
obtained.

Fired Clay Bricks

The bricks are made from clay and other minerals,
processed into a workable consistency and formed to standard
sizes. These are then fired in a kiln to make them strong,
durable, and attractive. Fired clay bricks can be made locally
with the use of machine (the NBRRI has designed one) and
fired in a simple clamp kiln. The fuels commonly used are
wood and grass straws. The NBRRI has developed the down
drought kiln using coal and diesel as fuels with high
productivity.

Earth Stabilized Blocks

Earth stabilization is done to improve the properties of
the blocks. This is achieved through addition of materials such
as cement, bitumen, and lime in appropriate proportions.
Cement is the most common stabilizing agent, the addition of
which enhances cohesive nature of clay and increases the
tensile strength of the blocks. Research findings by NBRRI
have shown that 4% cement addition is sufficient to achieve
excellent stabilization using the block-moulding machine
designed by the institute with a minimum of 3N/mm?
compaction effort. Loam and silty-loam clay are suitable for
stabilization with cement. Earth stabilization with 4% cement
content gives an average compressive strength of 1.6N/mm?
[33].

Lime is also used for stabilization. It strengthens earth
greatly when it reacts with the clay content of earth.
Stabilization with lime is better with earth of high clay content
while cement is preferred for earth with high sand content.

Stabilization with bitumen increases the tensile strength,
pressure resistance, and water proofing properties of earthen
walls. It also improves its thermal qualities of low heat
conductivity and confers extreme internal dryness in the
blocks, thus enhancing its durability even to the level of fired
bricks.

Earth architecture has been improved upon considerably
in Nigeria. Although clay is found in large quantities all over
the country and is cheap, the quality of the walls built has to be
put into consideration. In this regard, certain important
parameters come into play in the use of clay as a building
material and in particular as a viable alternative to
conventional building materials. These include strength, size,
and thermal conductivity [34].
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Clays found in most deposits in the country are
moderately plastic. In samples from clay deposits in Ado-EKkiti
and lkere-EKkiti, southwestern Nigeria, the plastic limit ranges
from 21.58 to 22.48% (with the mean of 22.18), and the
plasticity index from 20.45 to 24.7% (with the mean of 21.88)
[35]. Quartz content is found to range from 1.7 to 35%. Soil
samples of clay deposits in Zaria, Northern Nigeria, have a
mean plastic limit of 24%, and plasticity index of 20% [36].
The Nigerian Building and Road Research Institute (NBRRI)
has conducted extensive research on the improvement of the
quality of clay used for building [37-39]. These researches
have shown that controlling the moulding water content and
increasing the compacting pressure can improve properties of
sun-dried bricks. The appearance of the bricks can also be
improved with the use of rigid timber moulds for their
production. Walls made with sun-dried bricks need to be
protected from contact by heavy rain, through the provision of
extended roof overhang or veranda running round the building.

IV. SUPPLEMENTARY CEMENTITIOUS MATERIALS

An increase in the proportion of supplementary
cementitious materials in cement is environmentally beneficial.
The replacement of Portland cement with fly ash reduces the
carbon footprint of concrete, as the production of one ton of
Portland cement produces approximately one ton of CO,
compared to zero CO, produced using fly ash. The use of fly
ash reduces embodied energy and makes for sustainable
development by eliminating the environmental hazard that the
ash would otherwise have caused. Reduction of cement is
economical and sustainable, and ensures reduction of
embodied energy involved in its production and reduction of
the associated carbon [40]. Ashes of some agricultural or other
biogenic wastes such as rice husk, coconut husk, and peanut
shell when mixed with appropriate amounts of Portland
cement can be used as low-cost, less permeable, and
environmentally more friendly binders for concrete
production, than using Ordinary Portland cement alone [41].

V. CONCLUSION

The use of building earth and low carbon initiatives in
housing development in Nigeria is the focus of this paper.
Nigeria has a rich heritage in the extensive use of building
earth and through research efforts low carbon solutions have
been found in its use. Sustainable housing development could
be facilitated with the development and use of building
materials of earthen origin and some supplementary
cementitious materials.
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