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Abstract: The high cost of construction materials in Nigeria has become a serious problem of obtaining a decent environment
especially for the low income earners who find it very difficult to construct an affordable decent house. It is more serious for the
low-income groups whose challenges are complicated by several factors including the ever increasing cost of construction
materials. Citizens cannot afford decent materials for their building construction which makes the environment polluted and
difficult to have an environmentally responsive buildings. The study aims at identifying potentials of sustainable building
materials in addressing Green Architecture and Affordable housing construction in Nigeria through the review of principles of
Green Architecture and sustainable building materials. The purpose of the review is to compile the available data of different
sustainable building materials found in Nigeria that would be used alternatively to reduce the cost of building materials thereby
enhancing Green Architecture in the built environment. The study employed the use of qualitative data analysis from relevant
literature. The review showed materials used in Green Architecture are those that encourage good thermal performance, energy
efficiency, water efficiency, resource management and save general construction cost. Sustainable materials to lower cost of
construction are best described in their resource efficient, made from renewable materials and it is non-toxic.
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water and resource use. The designs have to be sustainable
from the initial consultations, site survey and design, plan
modification, material use, harmony with the existing ecology,
and green building choices to guarantee that all the
environmentally friendly details are included.

The constituents used in green architecture are those that
inspire good thermal performance, energy efficiency, water
efficiency, resource management and save general
construction costs. The best materials are those which
combine several of these features; materials like Accoya
modified wood. This is sustainable, durable, manufacture is
resource efficient, it is made from renewable material and it is
non-toxic [7]. Recycled content products are used in green

1. Introduction

Green Architecture is a green building design technique.
The designs are formed with the environment in point
comprising concentrating on the greater construction effects of
environmental sustainability. Green Architecture gives
cautious attention to planning eco-friendly and energy
efficient houses and buildings. Natural ecology is a main
perception in green architecture providing the foundation for
the construction model [11]. The green register classifies the
goal of green architecture, is to generate models that defend
the natural environment and are reformed to integrate with the
existing environmental setting in terms of energy and space,
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architecture on account of their resource efficiency. Example
of recycled products include paper insulation from recycled
newspapers and cardboards, cotton insulation from recycled
demines, recycled stone and recycled steel. They are effective
because they use fewer chemicals and energy to process and
also require fewer virgin resources. These materials are
preferred in green construction because they not only require
less energy to produce but also minimize resource wastage and
greenhouse gas emission. An example is sustainable concrete
made from crushed glass and wood chips or slag [24]. Natural,
abundant or renewable materials can be obtained from
sustainably managed and naturally occurring sources. They
must also be renewable and adequately abundant in nature,
examples are certified wood and solar tiles. Other refurbished,
salvaged materials are inherently capacitated to create value

and saving materials from disposal or generating landfill waste.

The materials are renovated, repaired or improved in
performance, functionality or quality, example is plastic
ceilings [13].

Across the globe, European studies suggest that buildings
are responsible for around 45% of global carbon dioxide
emissions over the entire life cycle [21]. More so, this
percentage has increased every year by 1% since 2010 [12]. It
is also a known fact that carbon dioxide as well as other
greenhouse gasses (GHG) such as methane and nitrous oxide
contribute to global warming. Climate change can also be seen
in changes to precipitation (rainfall) and future climate change
will cause seal levels to rise, increase acidity of our seas, bring
about differences in precipitation from one region to the other
and lastly cause expansion of deserts in sub-tropical areas of
the world. Asides from the effects of climate change,
overpopulation and urbanization continues to reduce green
space.

Over the last few years, Nigeria has experienced its share of
debilitating effects of climate as seen in floods and rising
temperatures. If Nigeria encourages green buildings, the
impact of global warming/climate change globally will reduce
[14]. An article in the Living Architecture Monitors, suggests
that with astounding air pollution levels and other
environmental problems that are present, we must take the
path of green walls and green roofs. The environmental
benefits of Green roofs are enormous, like acting as a sponge
absorbing rainfall which can help reduce runoffs, providing
natural cooling properties and lowering the effects of sound
reflection. In addition, green roofs help reduce rain water;
keeping them out of sewers, encourages bio diversity; like
attracting birds, bees and other life form. Social benefits of
green roofs includes health and wellbeing of people who work
in green offices or green homes; research suggests that better
indoor air quality can lead to improvements in performance
for up to 8% [14]. The difference between Green roofs and

Green walls is the location of vegetation/plants on the building.

For green roof, vegetation/plants are on the roof, while for
green walls, vegetation/plants are on the walls. The
vegetation/plants used on the walls are preferably climbing
plants, walls are now being constructed that can support
vegetation. Its advantages are same on the green roofs. One of

its astounding social benefits is its aesthetic quality; green
walls beautify the surroundings of a community. Else, an
interesting economic benefit of green roofs and walls on a
building, whether aged or modern of refurbished commands a
7% increase in the amount of money valued over buildings that
are not green. Moreover, walls that are strategically placed can
substantially improve indoor air quality as well as circulation,
likewise, it helps in reducing ultra-violet radiation which can
damage the building [14].

In 2014, an attempt was made in Lagos to erect the first
green building in Nigeria. A lot more can be done, we can’t
afford to miss out on its tremendous benefits. Green buildings
benefit to the environment include protection of the ecosystem
and biodiversity, improve water and air quality, reduce waste,
preservation, and restoration of natural and renewable
resources, and reduce heat gain [23].

2. Principles of Green Architecture

Energy efficiency is a factor in green architecture where
exploitation of alternative and sustainable energy sources such
as wind and solar, natural air flow patterns and natural lighting
to reduce the needs for heating, ventilating, and air
conditioning, and artificial daytime lighting respectively. The
design simply insist on reducing the lifetime costs of heating,
lighting, air condition and other electric power usage
requirements [7]. Energy efficient buildings has been defined
as those building that strives towards the lowest possible
energy requirement with reasonable utilization of resources
using energy efficient measures [18]. Energy efficient can be
regarded as the first step toward achieving sustainability in
buildings. It helps to minimize rising energy cost, enhance the
value and competiveness of buildings and reduce greenhouse
gases emission. Interest in environmentally responsible
buildings commenced around the middle of the last century
owing to the ambition of several communities that advocate
green buildings consequent to the need for an ecological world
[7].

Water efficiency adheres to green architectural works with
the inspiration of ecological surrounding to protect water
quality and reduce water consumption or wastage. It
encourages the efficient use of water; architectural design
ensures that in the entire lifecycle of the building preserves the
quality of surrounding water systems and make use of water
recycling mechanism. Land use efficiency is a suitable site
development in terms of preservation of the surrounding
environment and reuse of existing local materials. It advocates
for the incorporation of roof gardens, earth shelters and
extensive landscaping around and throughout the building [9].
Low environmental impact and conservation of natural
characteristics of construction projects are proven to be
responsible for more than 50% of environmental impacts and
the destruction of natural systems. Construction projects also
contribute to about 10% of the total global emission every year.
One of the principles of green architecture is to therefore use
green design to lessen the environmental impacts; other
principles are based on material efficiency, low maintenance
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cost, waste reduction, use of renewable energy and indoor
environmental quality [8].

3. Methodology

The study presents a systematic literature review on Green
Architecture assessment with reference to sustainable building
materials found in Nigeria, following Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. After a search for literature, the research employed
a content analysis to identify themes and organize qualitative
data from the literature to better understand how sustainable
building materials enhance green architecture in Nigeria.

3.1. Data Collection and Method of Assessment

Haven identified the Preferred Reporting Items for
Systematic Reviews and Meta- Analyses (PRISMA). The data
used in this assessment were collected from a secondary
source. Firstly, data on six sustainable building materials from
Agro-Industrial wastes in Nigeria, the 2019 development by
Abel Olajide Olurunnisola and secondly, data on various
analysis of the six materials were collected from Alsop, Post,
Parry J., Agopyan, Reis, Fernandez J. E, Chakravarthi,
Ogunjobi, Liu, Amo, Akinyele and cement company of
Nigeria.

4. Results and Discussion

The results identified the six building materials to be
responsive towards addressing Nigeria’s green architecture, a
sustainable built environment and the quest for affordable
housing construction. Thus, the sustainable materials
identified:

1. Pozzolans and blended cement

2. Natural fibre-reinforced roofing tiles

3. Cement-bonded composite ceiling boards

4. Saw dust-reinforced concrete hollow blocks and clay

bricks

5. Natural fibre-reinforced floor and wall tiles

6. Concrete beam reinforcement

4.1. Pozzolans and Blended Cement

In Nigeria, numerous agricultural remains are easily
obtainable and frequently treated as wastes. Examples include
bagasse (waste obtained from sugar cane (Saccharum
officinarum) processing) and cormn (Zea mays) cobs
(Olurunnisola, 2019). The pozzolanic actions of the remains
of these two deposits have been tried and confirmed. It is
stated that a Corn Cob Ass (CCA) blended cement containing
not more than 15% of CCA fulfils the NIS 439:2000 and
ASTM Ciso condition for cement. The compressive strength
and workability of CCA-blended cement concrete comprises
more than 8% of CCA is appropriate for structural concrete
works (17].

Table 1. Comparison of Cement and Pozzolan Properties.

Cement  Pozzolan  Fly Ash  Slag
Calcium oxide (%) 65.0 5.0 5.0 40.0
Magnesium oxide (%) 1.5 2.0 2.0 5.0
Silica Dioxide (%) 20.0 60.0 45.0 35.0
Aluminum oxide (%) 6.0 15.0 20.0 15.0
Ferrous oxide (%) 2.5 5.0 10.0 0.3
Bulk Density (t/m?) 1.5 1.6 1.0 1.8

Source: [3].

Table 1 shows the various chemical content of cement and
pozzolan. The various property content identifies an important
reason for being good resistance to attack by chemical agents,
especially sea water, and by sulphate-rich water thus
contributing to the reduced use of naturally occurring raw
materials, and less energy is consumed in their production
compared with the production cement clinker, reducing
greenhouse-gas emission and the overall CO, footprint. The
samples studied were taken from the Kalambaina quarry 1
former Sokoto state of Nigeria (now Sokoto, Kebbi and
Zamfara states)

4.2. Natural Fibre-Reinforced Roofing Tiles

Research on the improvement of substitute roofing
materials from wood fibre-cement composites have been
working globally on for over 30 years now [17]. A key source
of fibre for cement-bonded roofing tile fabrication is rattan, a
studied group of scaly fruited, spiny, climbing palms with
flexible stem generally found near water courses in no less
than 20 African countries including Nigeria. Further fibrous
materials already examined and found appropriate for cement-
bonded composite roofing tile production in Nigeria include
bamboo, coconut husk, sugar cane bagasse, raffia palm and
luffa [17].

Table 2. Water Absorption Properties of Natural Fibres.

Dry Wet .
Natural Fibre weight weight a/:)s(:)frption
(kg) (kg)
Coir Reinforced Tiles 2.847 3.022 6.14
Banana Reinforced Tiles 2.811 3.003 6.37
Sggarcane Reinforced 2925 3034 638
Tiles
Source: [6].

Result from Table 2 shows clearly from the water absorption
test that the quantity of absorption of water is very much less
in coir fibre tiles when compared to other two fibre tiles.

Table 3. Breaking Load Test of Natural Fibre.

Tiles Specimen % of Breaking Load in N/mm?
Fibre 7 days 28 days

Standard Cement Tiles 0 19.12 25.23

Coir Reinforced Tiles 15 25.45 30.21

Banana Reinforced Tiles 15 23.78 28.34

Sugar Cane Reinforced Tiles 15 21.32 26.65

Source: [6].

From Table 3, the test shows clearly that when 15% of coir
fibre is reinforced with concrete, it shows that the best
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Breaking Load (30.21Nm?) as compared to reinforced banana
and sugarcane fibre.

4.3. Cement-Bonded Composite Ceiling Boards

Cement-bonded particle board is a broad term for a panel
product contrived from lignocelluloses mainly in the usage of
distinctive pieces or particles, combined with cement and
compacted. Some of the splendid properties of cement-bonded
particles boards comprise relatively high strength to water
weight ratio and durability, high resistance to moisture uptake,
nail ability and comfort of sawing; brilliant insulation against
noise and heat; and high resistance against fire, insect and
fungus attack [17]. Ceiling boards have been factory-made
from a quantity of lignocellulosic fibres and wastes in Nigeria
including sawdust, waste paper, rattan cane, coconut husk,
maize husk, elephant grass, pawpaw, pseudostem, and okra.

Table 4. Mean Value of Water Absorption and Thickness Swelling from Boards
Produced from Anogeissus leiocarpuss Sawdust.

Mixing Ratio Water Absorption (%)  Thickness Swelling (%)
3:1 135.76 + 20.49° 16.67 £ 11.54*

1:1 118.07 £ 19.55° 11.67 +6.38*

1:3 2495 +1.98* 10.00 + 3.85*

Source: [16].

Table 4 shows the mean values of Water Absorption (WA)
and Thickness Swelling (TS) of the cement-bonded boards
soaked in water for 24 hours. According to the results obtained,
water absorption rate with 135.76% produces the highest
thickness of 16.67% to ratio 3:1 (75% sawdust: 25% cement).

Table 5. Mean Values of Modulus of Elasticity and Modulus of Rapture from
Boards Produced from Anogeissus leiocarpus Sawdust.

Mixing Modulus of Elasticity Modulus of Rapture
Ratios (Nmm?) (Nmm™?)

3:1 23.39 £ 1.90° 0.20 £ 0.02°

1:1 76.99 & 27.84° 0.63 +£0.19*

1:3 343.12 +149.97° 2.36 +0.65"

Source: [16].

Mean in columns with different superscript denotes
significant difference (P< 0.05)

The results from Table 5 showed that mean MOE was
highest (343.12 Nmm) in boards made from 1:3 mixing ratio
and lowest (23.39 Nmm™) in boards made from 3:1
sawdust/cement mixing ratio. It was observed that mean value
for MOR was highest (2.36 Nmm) in boards made from 1:3
sawdust/cement mixing ratio. There was also no significant
difference between boards produced from 3:1 and 1:1
sawdust/cement mixing ratios but 1:3 was significantly
different (P< 0.05) from others. Findings showed that
Anogeissus leiocarpus sawdust was suitable for production of
cement bonded particle boards which could be used as ceiling
board as well as in partitioning panels.

4.4. Sawdust-Reinforced Concrete Hollow Blocks and Clay
Bricks

To lessen the cost of concrete hollow blocks, integrating

Nigerian grown teak (Tectona grandis) sawdust and partial
replacement of cement with calcium carbide residue and
poultry egg shell powder in the mix for the production of low-
cost concrete hollow blocks was established to be sustainable
[17].

Table 6. Compressive Strength of Grout-filled Saw dust.

Specimen Ultimate Load Stress at Ultimate

No. (KN) SO o)
1 616 43548 14.1
2 693 42645 16.3
3 781 43967 18.1
4 640 42903 14.9
Average 683 43266 15.9

Source: [15].

Table 6 results identifies the average ultimate load of 683 at
15.9 stress at ultimate which shows the advantages of Sawdust
Concrete Units (SCUs) that can readily accept ordinary screws
and nails. Back-up walls for brick veneer that are made of
SCUs display overall better compatibility, ductility and
strength properties that are displayed by steel stud back-up
walls. It is established that SCUs have better binding
properties with mortar and grout than making it stronger.

4.5. Natural Fibre-Reinforced Floor and Wall Tiles

Recent and sustainable concrete tiles are prepared from the
mixture of Portland cement and quarry sand as an aggregate.
The main benefit of fibre reinforcement of concrete tiles is to
influence additional energy-absorbing ability and to convert a
brittle material into a pseudoductile material. One of the
sources of natural fibres found throughout West Africa and
freely obtainable in Nigeria is Cissus populnea (Guill and
Perr).

Table 7. Physical Properties Cissus populnea Fibre.

Properties Value
Mean M. C (%) 16
Mean Bulk Density (g/cm?) 0.15

Mean Water Absorption (%) 226 (2hr.), 375 (24hr.)

Source: [4].

Table 7 shows the percentage water absorption of the
fibres after 2 and 24-hour soaking periods 226% and 375%
respectively. These value are comparable with the water
absorption rates of other known fibres that have been used
for composite making such as Sisal fibre (110%), Coir fibre
(98%), Bamboo fibres (145%), and Banana fibres (407%) as
reported by Torgal and Said (2002). Binding the components
of natural fibre in reinforced floor and wall tiles adheres to
single component polymer latex modified tile adhesive.

4.6. Concrete Beam Reinforcement

Substitute reinforcing materials have progressed to bind
strength of canes of particular rattan species in concrete was
examined and revealed. The strength could be up to roughly
30% of that concrete and mild steel. The usage of entire canes,
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fibres and splits of rattan canes as reinforcement materials in
concrete slabs was also examined. Rattan canes is stable and
in strength and dimension and could be used in reinforcement
in lightly loaded structures. Other appropriate constituents for
reinforcement are bamboo, rattan cane. The average
compressive strength of the bamboo and rattan reinforced
struts stands at 78 and 64% of the equivalent steel
reinforcement, signifying that both materials could be used as
replacement for steel in struts of low load bearing structures
[17].

Table 8. Reinforcement Comparison of Rattan, Bamboo and Steel.

Average Ultimate Average Crack

Reinforcing Materials

Load (KN) width (mm)
Rattan 94.82 2.80
Bamboo 116.78 1.38
Steel 149.38 1.6m
Source: [2].

Table 8 shows the various capacity of reinforcement in
Rattan, Bamboo and Steel. Bamboo and rattan cane can be
used as alternative to steel in light construction at low cost for
areas where steel reinforcement is needed.

5. Recommendation

The study recommends Nigerian government to create a
sub-unit under the Federal Ministry of Agriculture to be
responsible for collection of agricultural residues to be
converted into sustainable building materials.

The use of green architectural materials like Accoya
modified wood, paper insulation from recycled newspapers
and cardboards, cotton insulation from recycled demines,
natural fibre, recycled stones and recycled steel are effective
because they use fewer chemicals and energy to process and
also require fewer virgin resources.

The Nigerian government should encourage the use of
bamboo, coconut husk, sugarcane bagasse, raffia palm and
luffa to be suitable for cement-bonded composite roofing tile
production in Nigeria.

The use of Anogeissus leiocarpus sawdust should be
encouraged because it is suitable for production of cement
bonded particle boards which could be used as ceiling board
as well as in partitioning panels.

The study recommends sawdust and partial replacement of
cement with calcium carbide residue and poultry egg shell
powder in the mix for the production of low-cost concrete
hollow blocks.

The use of sawdust concrete units that can readily accept
ordinary screws and nails should be encouraged, they have
better binding properties with mortar and grout than making it
stronger.

Bamboo and Rattan cane can be used as alternative to steel
in light construction at low-cost. Rattan canes is stable and in
strength and dimensions and could be used in reinforcement in
lightly loaded structures.

Fibre reinforced concrete tiles should be used to impact

additional energy-absorbing capability.

The legislative arm of government should create laws that
would encourage the use of materials that has good thermal
performance, energy efficiency, water efficiency, resource
management and save general construction cost.

6. Conclusion

Affordable housing and sustainable built environment in
Nigeria can be achieved through the adaptation of the
principles of green architecture and sustainable building
materials. The materials used in green architecture provides
good thermal performance, energy efficiency and save
general construction cost. Their recycled character, re-use of
existing local materials provides an eco-friendly
environment and helps to minimize rising energy cost,
enhance the value and competiveness of buildings and
reduce greenhouse gas emission. Naturally fibred materials
are proven to have low cost, lesser production energy, and
serve the purpose of other building materials that are
expensive to purchase. The fibre and local materials are
richly available in Nigeria and when put in active use, it shall
reduce the cost of construction and housing problem in
Nigeria.
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