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ABSTRACT

Urbanization and population growth has prompted high demand for housing in Nigeria,

with the current housing deficit standing at about 17 million units. There were several
housing delivery attempts in the form of mostly mass housing using traditional methods
of construction and through the creation of housing policies to tackle the housing
problems in the country. Despite the efforts made, the housing situation in Nigeria
remains a major problem.

Nigeria is endowed with abundant local building materials (such as timber, bamboo,
clay, sand and granite stones). Countries such as; Sweden, Finland and Norway use
similar local building materials like the ones in Nigeria to provide affordable
prefabricated houses. Prefabrication techniques using local building materials offer
many benefits such as; speed, time savings and affordability. Therefore, there is a need
to develop a better understanding to ascertain why local building materials are not being
used to improve prefabricated components for house building to meet affordable (low
cost) housing needs in Nigeria. This research aims to develop a framework that
facilitates the understanding of the utilization of local building materials in the
production of offsite prefabricated components for low-cost house building in Nigeria
through the formal building sector. A theoretical framework on innovation diffusion has
been developed to underpin this study.

Based on a pragmatic ontological perspective both qualitative and quantitative
approaches were utilized in order to get a better understanding of the factors that affect
the utilization and diffusion of prefabrication construction techniques using local
building materials for low cost house building. The research findings reveal factors such
as; lack of awareness of prefabrication techniques, lack of policy, corruption, lack of
access to prefabricated component, cost of components, standard and quality and lack of
training and promotion to be among the reasons for the limited adoption of
prefabricated local building materials in Nigeria. These findings will help in the
development of a framework that will possibly inform policy and assist in the utilization
and diffusion of prefabricated local building materials for low cost house building in
Nigeria. This research suggests future investigation on infrastructural impact on
prefabricated house building and sustainability comparison between prefabricated and

traditional methods of construction of identical house buildings.
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CHAPTER ONE

INTRODUCTION

1.1 Rationale

Shelter is among the most important basic human needs and it has been recognized
among the most vital necessities of human life (Ademiluyi, 2010; Jiboye, 2009;
Udechukwu, 2008; Bayode, 2008; Adejumo, 2008; Andrew, 2007; Akinmoladun and
Oluwale, 2007; Oladapo, 2006; Olayiwola et al., 2005). The effectiveness of any form
of individual activity largely depends on the provision of efficient infrastructural
facilities (Gabriel and Abraham, 2009). Jiboye (2010c) stated that “housing could be
seen as a multi dimensional parcel of goods and services expanding beyond shelter it
self’. Therefore, its significance cannot be ignored. As a result of its importance, the
problems of housing have received a great deal of attention internationally. According
to Aderamo and Ayobolu (2010), the United Nations has set up the 1* Monday of
October every year as the world habitat day to prove how important a shelter is to the
world. This further emphasizes how important it is for every government to make sure

they provide adequate housing for their citizens.

The problem of housing provision in the developing countries is mostly severe in the
urban regions due to the high urbanization rate and population growth. According to the
United Nations (2014), about 54% of the world population is now in urban areas.
Mutizwa-mangiza (2012) stated that, more than 60% of the world population will live in
urban areas by 2030. According to Opoko and Oluwatayo (2014), the world urban
population is expected to increase to about 6.3 billion (72% of world population) by
2050. About 3.9 billion people currently live in the urban areas (United Nations, 2014).
According to Omatson and Dimuna (2010), the increasing trend of urbanization is more
felt in Asia, Africa and Latin America. As a result of the increasing urbanization, the
world summit on sustainable development has called on every government to tackle the
increasing challenge of urbanization by providing adequate houses and urban

infrastructures to the urban dwellers (Daramola and Ibem, 2010).




Nigeria is among the countries experiencing rapid urbanization. The national population
commission puts Nigerian urbanization rate at 40% in 1996 and 48,2% in 2005
(Olayiwola and Adedokun, 2014). More than half of the Nigerian populace will be
living in urban areas in the next five years (Daramola and Ibem, 2010). Daramola and
Ibem further noted that there would be a further increase in the population and urban
growth in the country. According to Nwaka (2005a), the urbanization rate in Nigeria
may perhaps reach 65% to 70% of its total population by year 2020. The urban growth
has occurred mostly as a result of rural-urban migration in Nigeria (Festus and Amos,
2014; Kalu ef al., 2014; Olotuah, 2002). The urbanization growth rate at some Nigerian
cities is at a state known as mega cities (with population of more than 10 million)
(Ekpeni, 2010). According to Ekpeni (2010) Ibadan, Maiduguri, Kano, Port Harcourt,
Kaduna and Benin are all among the cities that are in verge of becoming a mega city in
Nigeria and Lagos have been classified as a mega city. According to Raji (2008), the
issue of social, economic and environmental challenges must be addressed because the
rural dwellers that moved to the cities have already considered the urban areas as their

homes.

The rate at which the Nigerian population is growing is faster than the infrastructure and
housing provision rate in the country (Marshal and Onyekachi, 2014; Omatson and
Dimuna, 2010; Oyewole, 2010). Daramola and Ibem (2010) argue that, there is no
balance between the population growth and infrastructural provision in the country,
which has affected the urban areas carrying capacity and increased the poor state of
living in the urban parts of the country. Therefore, the rapid rate of urbanization has
generated pressure towards a higher demand for affordable low cost housing in the
urban parts of Nigeria (Femi and Khan, 2014; Oyewole, 2010; Olotuah and Ajayi,
2008). The houses for sale in the Nigerian market are very expensive (Nubi, 2008).
Whereas, the housing need is remarkably increasing (Olotuah, 2006). Housing problems
are usually recognized as being diverse and complicated (Oyewola et al., 2005).
Housing problems are of different types and degree depending on the technological and
socio-economic development of the society (Olotuah and Ajayi, 2008). The housing
problems in Nigeria are both in quantitative and qualitative form (Olayiwola and
Adedokun, 2014). There have been rapidly deteriorating houses in the country as well
as housing shortage (Olayiwola er al., 2005; Olotuah, 2002). This has intensified
Nigeria’s housing problems into a more appalling state. Olujimi (2009) stated that,




Nigeria needs at least 8 million houses by the year 2015 to reduce the housing shortage

in the country. The efforts made to improve the housing paucity have failed because
housing deficit still stands at over 17 million units and at least N60Otrillion naira
(£20billion or $30billion) is needed for the provision of 17million housing units at
N3.5million per unit (Marshal and Onyekachi, 2014; FMLHUD, 2012; Adeloye, 2011;
Gabriel and Abraham, 2009). Ademiluyi (2010), puts the housing stock at 23 per 1000
inhabitants and housing production rate at 3 per 1000 population per annum as against
the 8-10 per annum recommended by the United Nations. According to Ademiluyi and
Raji (2008) the shortage and deteriorating housing problems in the country affect both
owner occupied and rental houses and affect almost all the various economic classes

(low, medium and high income earners) in the country.

The delivery of adequate and affordable housing in Nigeria still remains among the
most persistent challenges the country faces (Jiboye, 2010a). Several attempts were
made to bolster and ameliorate the housing problems in the country but the situation
still remains intractable (Jiboye, 2010a). The lack of adequate housing in Nigeria is
becoming more appalling especially within the lower income earners who amount to
almost 75% of the countries population (Marshal and Onyekachi, 2014; Nwaka, 2005a;
FRN, 1991). Therefore, there is an urgent need to find a solution to the on-going
problems within the building sector of Nigeria especially that of adequate and
affordable low cost house building. Since housing is a part of a national investment and
the right of all people, the main aim is to enhance its sufficiency in order to contain the

need of every inhabitant (Jiboye, 2010a).

Attempts have been made by government agencies, planners and developers to unravel
the housing problems in the country through public and private sector intervention
(Jiboye, 2010a). These efforts include the formation of housing plans, establishment of
housing institutes, policy formulation and policy amendments. Other efforts also
include land allocation and delivery of mass affordable housing (Ademiluyi, 2010;
Ibem, 2010; Jiboye, 2010a; Oyewole, 2010). However, the efforts were not successful
partially due to corruption and politics involved during the initiation process and due to
the poor quality of the houses that were built (Olotuah and Bobadoye, 2009; Jiboye,
2010b). The frustration over the poor construction quality using traditional methods of

construction has driven the industry to explore different methods of construction that




demonstrate sustainability, quality and efficiency yet at an affordable rate. Windapo and
Balogun (2009), investigated the use of modern methods of construction (MMC) in
other words offsite prefabrication techniques to deliver low-cost housing in Nigeria.
However, according to Windapo and Balogun (2009), there is an insignificant use of
offsite prefabrication techniques especially towards the delivery of low cost housing in
Nigeria due to the higher cost of prefabrication techniques of construction. According
to Abdullah and Egbu (2010) similar constraints were found in Malaysia. However, the
study by Windapo and Balogun, was limited to the property developers in Lagos State
of Nigeria. Furthermore, it focuses generally on the cost comparison between
conventional building methods and prefabricated building techniques using mostly

imported building materials.

Nevertheless, the majority of houses in Nigeria are built using imported building
materials such as, cement, steel components, timber components and other imported
house building finishes (Akinmoladun and Oluwale, 2007). Even though, local building
materials are usually cheaper compared to imported ones. According to Udechukwu
(2008), the high cost of building materials in Nigeria is due to the inability to encourage
the use of local building materials in housing provision. According to Olotuah (2002),
Nigeria is endowed with abundant local building materials, such as timber, clay,
bamboo, stones, sands etc., in almost all the regions in the country. Yet, the building
industry of Nigeria depends on importation of building materials, which are usually
expensive and largely contribute to the high cost of housing in the country (Ayegun and
Oluwatobi, 2011; Akinmoladun and Oluwale, 2007). Cement cost for instance covers
up to about 40% of the building materials use for a house building in Nigeria, and its
production is relatively low in the country, which leaves consumers with no option than

to import it (Adewale, 2010).

In countries like, Sweden, Norway, Finland and Japan, prefabrication has become a
mainstream construction method and it continues to grow (Smith, 2009). Unlike
Nigeria, in Scandinavia and Japan offsite prefabrication technique is encouraged and
has mostly been utilized with local building materials mostly timber, bamboo and clay
also present in Nigeria. Nigeria may possibly learn from the wider adoption of
innovations in prefabrication in the above countries. Prefabrication techniques of

construction have many benefits including; speed of construction, time savings, less or




zero waste on site, sustainability, high quality, cost effectiveness and minimizes risk

onsite among many other benefits (Hassim et. al., 2009; Kamar er. al 2009; Windapo
and Balogun, 2009; Alinaitwe ef al., 2006; Emmitt and Gorse, 2006; Hashemi, 2006;
Constructing Excellence, 2004; Gorgolewski, 2003). Considering the intractable
housing predicament in Nigeria, prefabrication techniques of construction using local
building materials could possibly be adopted towards the delivery of adequate and
affordable housing. Moreover, considering the urgent need for housing units in Nigeria,
prefabrication techniques of construction using local building materials could offer
construction speed and time-savings which is not possible to achieve using the

conventional methods.

Therefore, it is upon this reason that experts such as Windapo and Balogun and housing
developers such as CITEC and Cubic homes are in search for various types of building
methods that could adapt to local socio-economic conditions and level of techniques of
building with the aim to achieving adequate and affordable house buildings in Nigeria
(CITEC, 2013; Windapo and Balogun, 2009). One of such methods is the utilization of
local building materials to provide prefabricated components for low cost house
building provision in Nigeria, which forms the focus of this research. Therefore, there is
a need to develop a better understanding to ascertain why local materials are not being
vastly used to develop prefabricated components for house building to meet affordable

(low cost) housing demand in Nigeria.

1.2 Aim and Objectives

The aim of this research is to examine the utilization of local building materials in the
production of offsite-prefabricated components for low-cost house building in Nigeria

through the formal building sector. The objectives are:

1. To examine the degree to which local building materials have been utilized in
offsite prefabrication construction methods in low cost house building provision
in Nigeria.

2. To identify the factors that affect the diffusion and use of local building
materials for offsite prefabrication components in the provision of low cost

house building in Nigeria.




3. To explore the potential for the utilization and diffusion of local building
materials for prefabricated low cost house building in Nigeria.

4. To develop a framework for understanding the utilization and diffusion of
offsite prefabricated local building materials towards the provision of low cost

house building in Nigeria.

1.3 Research Methodology

This research used a combination of quantitative and qualitative approaches allowing
for a strong analysis of interrelationships among factors that affect the utilization and
diffusion of local building materials in the production of prefabricated components for
low cost house building provision in Nigeria. The combination of qualitative and
quantitative method offers huge potential for practicing researchers who would like to
see methodologists define and develop methods that are closer to what researchers truly
utilize in practice (Johnson and Onwuegbuzie, 2004). “By combining multiple
observers, theories, methods, and data sources, researchers can hope to overcome the
intrinsic bias that comes from single-methods, single-observer, and single-theory
studies” (Denzin, 1989, p. 307). Mixed methods approach was utilized in order to get a
better understanding of the factors that affect the utilization and diffusion of
prefabrication construction techniques using local building materials for low cost house

building in Nigeria.

An in-depth knowledge of Nigeria’s building industry with an unbiased viewpoint is
essential for this study. However, the researcher has no control over the building
environment in Nigeria. Thus, an appropriate research design method will be the use of
self-administered survey questionnaire and face-to-face audio recorded interview.
Qualitative approach was adopted in order to engage in an in-depth conversation and
probe deeper with some questions that could not be addressed using quantitative
approach. A self-administered survey questionnaire was used as the primary source of
data collection technique. The self-administered questionnaire allows the participants to
complete the questionnaire at their own convenient time. In addition, it also enables
coverage of a larger population and is therefore cheaper, quicker and more convenient
to use (Bryman, 2008). This research adopted the semi-structured type of interview.

According to Stuckey (2013 p.2), “the semi-structured interview guide and provides a




clear set of instruction for interviewers and can provide reliable, comparable
qualitative data”. In qualitative interviews the researcher tries to understand a

phenomenon from the subject viewpoint and to reveal the meaning of their experiences
(Silverman, 2004).

There is the need to systematically seek for the appropriate philosophical assumption to
better understand the phenomena within the context of the building industry of Nigeria.
The research philosophy adopted in this study is the pragmatists worldview. The
pragmatists approach has been selected so that rich and interesting data can be collected
through both qualitative and quantitative methods. Certainly, this is the most
appropriate approach to be used for any meaningful data to be collected within the
building industry of Nigeria. Pragmatism is not committed to any one system of
philosophy and reality (Cherryholmes, 1992). Therefore, all the philosophical
considerations, theories depicted and the research strategies adopted in this study were

deemed suitable when investigating innovation diffusion.

The study comprised of actors (professionals) within the Nigeria’s building industry.
Their categories are registered Engineers of the Council for the Regulation of
Engineering in Nigeria (COREN), registered Architects from the Nigeria’s Institute of
Architect (NIA), registered Quantity surveyors from the Nigeria Institute of Quantity
Surveyors (NIQS), registered Builders of The Nigeria Institute of Builders (NIOB),
projects managers and professional Chief Executive Officers in the building industry.
This choice seemed appropriate because these experts are the actors and agents of
change within the building industry and they have a vast knowledge and experience of
prefabrication techniques of construction. These experts represent both the private and
public sector of the Nigerian building industry. The theoretical framework adopted for
this research contains both the network of actors within the building industry of Nigeria
as well as the adoption decision stages of Rogers diffusion of innovation theory in order
to shape the research topic and underpin the research questions. The theoretical
framework also helped to determine which research strategy and design appropriate for

this study.

The geographical location of the study was considered important to obtaining

representatives of the target population. Therefore, this study has mainly focused on




Abuja the federal capital territory of Nigeria. According to UN Habitat (2008), it is one
of the fastest growing and one of the most urbanized cities in Africa. Moreover, it’s
where the housing institute and most of the construction company’s headquarters are

located.

1.4 Summary of Research Findings

Prefabricated local building materials are not being widely adopted in low cost housing
delivery in the Nigerian building industry in comparison to the conventional method of
construction. Many factors were highlighted as to why local building materials are not
highly utilized for prefabricated components towards low cost house building provision
in Nigeria. Some of these factors were acknowledged in the literature review and others
were emerging factors that were identified as a result of this research. The major factors
identified during the course of this research include lack of awareness amongst housing
experts and other potential adopters. Related to this is lack of government support in
terms of policy creation, incentives, promotion and encouragement through training of
local artisans to assist and support the acquisition of local technological capabilities.
Although some of the professionals representing the government argued that policies
such as high import duty was created to encourage the acquisition of local technological
capabilities, and there is no policy for prefabricated local building components. Another
major issue identified was corruption within the building sector and other sectors of the
country that collectively affected the utilization and diffusion of prefabricated local
building materials for low cost housing provision. These include corruption through
awarding contracts to mostly the bigger or foreign companies who use mainly imported
building components and have the financial strength to bribe and secure most of the
mass housing contracts. It could also be corruption through compromising standards
and quality of building or building materials for personal gain. The lack of adequate and
basic infrastructural development such as power supply and water is also among the
major challenges encountered by the experts of the Nigerian building industry. Other
major challenges encountered include: accessibility of components, cost of components
due to importation of building material, poor standard and quality of locally produced
components and the lack of proper communication flow channels within the industry
especially in terms of promotion and training on prefabrication techniques of

construction. The innovation decision adoption process of Rogers theory (such as;




relative advantages of an innovation, compatibility, complexity, trial-ability and
observe-ability) was also confirmed to be among the challenges confronting the
diffusion and utilization of prefabricated local building materials for low cost housing

provision in Nigeria.

This study reveals that the possibility of utilizing local building materials in the
production of prefabricated components for low cost house building provision in
Nigeria can and will improve gradually or even rapidly if certain conditions are met.
These conditions were discussed extensively in the form of a strategic framework that
could perhaps assist and increase the diffusion and utilization of prefabricated local
building materials for low cost house building provision in Nigeria. This research has
also contributed to the Rogers theory by revealing some major factors that could prevent
the diffusion and utilization of an innovation within a community apart from the ones
mentioned by Rogers. The research has helped close some knowledge gaps by revealing
the level of knowledge and application of prefabricated local building materials within
the Nigerian building industry, the factors that affect the utilization and diffusion of
local building materials in the production of prefabricated components for low cost
house building and the potential for prefabricated local building materials towards
affordable low cost housing. Lastly the research helped close the knowledge gap
through developing a framework that could perhaps assist in understanding and
facilitating the utilization and diffusion of prefabricated local building materials for low

cost housing provision in Nigeria.

1.5 Structure of Thesis

Chapter one; the introduction, sets out the background and the rationale behind this
research which include the aim and objectives of the study. It further gives a
comprehensive explanation of the motivation for the research topic as well as the choice

of the study.

Chapter two consists of a critical literature review on the housing delivery efforts in
Nigeria including the methods of housing provision in the country and the housing

policies that were adopted. The review further addresses some major factors that




intensifies the need for house building in Nigeria and the major factors that affect the

housing delivery effort in the country especially that of low cost affordable housing.

Chapter three focuses on the Nigerian local building materials underdevelopment trend
and types of local building materials used for house building in Nigeria. It critically
assesses the main local indigenous building materials used within the building industry
of Nigeria and the potential and viability of the local building material components to

be utilized towards low cost house building provision in Nigeria.

Chapter four critically evaluates and assesses offsite prefabrication techniques of
construction particularly its benefits compared to the traditional methods of
construction. A particular focus of this chapter is to examine the level of prefabrication
techniques of construction application within the Nigerian building industry and other
building industries around the world and perhaps look at how Nigeria could improve
from the successful application of the technique from other building industries around

the world.

Chapter five consists of an extensive literature review on innovation diffusion theory.
The chapter critically assesses the theory and uses the theory to investigate the
particularities of diffusion mechanism that may possibly have an impact on the
successful exploitation of innovative solution for the use of prefabricated local building
materials for low cost house building in Nigeria. The theory adopted in this chapter will
be use to underpin the research topic by establishing a theoretical framework that will

be applied throughout this research.

Chapter six presents the research methodology adopted. This includes the rationale
behind the selection of the research philosophy, research strategy, research design and
developing the research methods which would be utilized to achieve the aim and

objectives of this research.

Chapter seven presents the research data analyses. The chapter consists of the finding
from both qualitative and quantitative data collected during the fieldwork. The first
section of the chapter presents the findings from quantitative approach. The second part

of the chapter presents the findings from the qualitative data.
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Chapter eight thoroughly discussed the findings of this study and combines the themes

identified from the questionnaire survey and the in-depth interviews in order to develop

a framework that can improve understanding and facilitate the utilization and diffusion
of prefabricated local building materials for low cost housing provision in Nigeria. The
discussion involves triangulation of the findings from the qualitative and quantitative
approach and the literature review to confirm or refute the arguments from the

literature.

Chapter nine concludes by highlighting the major contribution of the research to
knowledge and Roger’s theory and by making recommendations for providing more
appropriate and viable support that would assist in the higher utilization and diffusion of
prefabricated local building materials for low cost housing provision in Nigeria. Figure

1.1 represents the structure of this thesis.
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CHAPTER TWO
HOUSING DELIVERY EFFORT IN NIGERIA

2.1 Introduction

Problems with housing have been increasing at an alarming rate, especially in
developing countries. In regards to the Nigerian building industry, these problems are
both qualitative and quantitative (Adeloye, 2011; Gabriel and Abraham, 2009; Olotuah,
2005). The qualitative problems include dilapidated and substandard buildings, while
the quantitative problem are mainly due to the housing shortage caused by population
growth and housing demand in the country (Olotuah and Bobadoye, 2009). The need for
housing in Nigeria increases day by day, but its supply remains inadequate. Thus, the
number of houses provided in the country does not meet the need of the populace and is
far beyond the reach of the average Nigerian. In addition, the quantities of housing units
built are increasingly becoming more expensive because the material cost is increasing.
Several efforts have been made through the public and private sectors of the country to
mitigate the housing problems confronting the nation, yet the gap between housing

demand and supply still persists in Nigeria.

This chapter - divided into four sections - will systematically review the housing
situation in Nigeria. The first section examines the factors aggravating housing demand.
The second examines the public sector intervention in housing provision. The third
examines the private sector intervention in housing delivery and the last section tries to

investigate the factors affecting housing supply.

2.2 The Factors Aggravating Housing Demand in Nigeria

Housing problems in Nigeria have soared beyond measure with an estimated 17 million
units needed in the country to balance the gap between demand and supply (Marshal
and Onyekachi, 2014; FMLHUD, 2012; Adeloye, 2011; Gabriel and Abraham, 2009).
Thus, many factors have aggravated the high demand for more houses in Nigeria, and
these factors include: population growth, urbanization, slums proliferation in urban

Nigeria and affordable housing.
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2.2.1 Population Growth

Population growth is generally caused as a result of increase in number of individuals in
a society. The population growth rate in Nigeria is high and accompanied by rapid
urbanization (Ayedun and Oluwatobi, 2011). The rapid growth rate of urban population
since the seventies was mainly due to migration prompted by the gains from oil sector
in the urban areas (Abimaje et al., 2014). According to Odebiyi (2010), the increase in
population growth and urbanization could also be the main source of degradation and
issues such as housing paucity and unemployment. The current population of Nigeria
stands at around 160 million (Marshal and Onyekachi, 2014; Olayiwola and Adedokun,
2014; Olawande and Ayodele, 2011). Another study conducted by the United States
Census Bureau forecasted that the population of Nigeria will increase to more than 264
million by 2050. According to Dimuna and Omatsone (2010), housing problems caused
by population growth are more keenly felt in Africa, Asia and Latin America, where at
least half of the respective populations are considered homeless. The phenomenal
increase in population, number and size of cities over the past few decades have
manifested in the severe housing paucity which resulted in high rents, lack of adequate
infrastructure and slums proliferation (Abimaje ef al., 2014). Therefore, there is a need
for an urgent strategic plan on how to balance the housing demand with that of supply;
if not the teeming population will soon become a burden to the country and the housing

predicament could become even more difficult to tackle.

2.2.2 Urbanization

Urbanization has been a feature of most cities in the world over the past century
(Aderamo and Ayobolu, 2010; Kabir, 2006). Urbanization is the outcome of social,
economic and political developments that lead to urban concentration and growth of
large cities, changes in land use and transformation from rural to metropolitan pattern
of organization and governance (Opoko and Oluwatayo, 2014: p.16). According to
Boudreaux (2008), urbanization is among the most persistent challenges confronting
many African countries. Urbanization affects developing countries most of all (Dimuna
and Omatsone, 2010). According to Alagbe and Adeboye (2005), developing countries
are quick in adjusting their socio-economic lives, thus drawing people towards the cities
and escalating urbanization further. In Nigeria for instance, the 1991 census revealed
that there were about 183 urban centres in the country (Aderamo and Ayobolu, 2010).

However, urban centres in Nigeria have now reached the 840 mark, with more than 10

14




cities having a population of over 1 million. Four of these are predicated to become

‘mega cities’ (with a population of 10 million) in the next decade (Alkali, 2005).

Nigeria is currently experiencing one of the fastest rates of urbanization in the world
(Olotuah and Bobadoye, 2009; Alkali, 2005). According to Aderamo and Ayobolu
(2010), it is possible that Nigeria’s urban centers are the fastest growing in Africa. The
urbanization trends in the country have increased the need for housing units (Festus and
Amos, 2015; Olayiwola and Adedokun, 2014; Ajanlekoko, 2001). According to
Aderamo and Ayobolu (2010), the housing shortage is witnessed in all urban centers of
Nigeria. However, the urban growth has caused an increase in the cost of houses and the

demand for urban commodities (Olotuah, 2010).

Unlike Nigeria, in most developed countries urbanization is usually accompanied with
provisions of adequate housing, basic infrastructures and facilities (Odebiyi, 2010;
Dimuna and Omatsone, 2010). The unavailability of adequate infrastructural
development and facilities in Nigeria has created the proliferation of squatter
settlements and slums in the country (Alkali, 2005). People usually migrate to the cities
because of high levels of unemployment and poverty in rural areas (Odebiyi, 2010;
Alkali, 2005). The degree of unemployment and poverty levels in the country has
caused an outbreak of rural to urban migration (Olajide, 2010; Olujimi, 2009;
Boudreaux, 2008). People are moving to urban areas in search of jobs and to better their
standard of living (Opoko and Oluwatayo, 2014). However, the rural to urban migration

is not supported with adequate housing supply.

The census of the early 1950s revealed that about 10.5% of Nigeria’s population live in
the city, and this figure increased to 19.2% in 1963, 20% in 1970, 27% in the 1980s and
42% in the early 2000’s (Olawande and Ayodele, 2011; Gbadegesin and Aluko, 2010;
Olotuah and Bobadoye, 2009; Alkali, 2005; Okupe, 2002; Ajanlekoko, 2001).
According to Olayiwola and Adedokun (2014), more than 50% of Nigerians live in the
urban centers in 2010. Another estimate shows that the urbanization rate could reach
66.5% by the year 2020 (Gbadegesin and Aluko, 2010; Nwaka, 2005). Ajanlekoko
(2001) stated that about 85% of urban dwellers live in single rooms with an occupant
ratio of 8-12 people, which has a horrible effect on health and hygiene. Furthermore,

about 75% of the urban dwellers live in either slums or squatter settlements (Olotuah
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and Bobadoye, 2009). According to Ayedun and Oluwatobi (2011), the housing

shortage is more acute and pronounced in the urban areas of the country.

The 2020 agenda on housing provision in Nigeria involves dealing with the issues that
accompany urbanization in the country (Olawande and Ayodele, 2011). The swift
increase of urbanization has advanced to an unplanned and uncontrolled state that
increases slum proliferation in the urban parts of the country (Olawande and Ayodele,
2011). According to Olujimi (2009), urbanization has become an ineludible
phenomenon, especially in developing countries. Therefore, since the challenges
accompanied by urbanization are regarded as expected phenomena, the Government
must make sure it citizens have access to adequate shelter regardless of class or status.
Nevertheless, the major challenges caused by urbanization include; slums proliferation,
urban sprawl, housing shortages, deteriorated infrastructures, squatter settlements and

congestion (Olujimi, 2009).

2.2.3 Slums Proliferation in Urban Nigeria

Alagbe and Adeboye (2005) stated that slums are extremely crowded urban areas
occupied by squatters, and exhibit dilapidated and unsanitary house buildings, poverty,
housing paucity, poor urban standards of living, congestion, social disorder, very low
level of urban infrastructural facilities and high crime rates. They define squatter
settlements as the occupancy of land by an individual, particularly public or vacant land
without any right or permit. The lack of adequate low-cost housing in Nigeria has
further increased the level of slum proliferation in the country (Nnanna, 2010). The
urban areas in cities of Abuja and Lagos state of Nigeria usually benefit the rich and
middle class citizens with little or no attention given to the poor. According to Ukwayi
et al., (2012), about 1 billion people in Africa, Asia and North America were either
homeless or living in houses considered dangerous to health. Therefore, the poorer
citizens have to find a shelter for themselves, usually in the form of a squatter

settlement or slum.
The living standard in the slums could be life threatening (Nwaka, 2005b). This was

reinforced by Olotuah (2009), who suggested that the less affluent citizens, i.e. those

who live in urban slums, are usually the victims of the following; congestion of people,
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lack of proper ventilation within buildings, dilapidated and poor standard house

buildings. Nwaka also suggested that slums in Nigeria are characterized by a lack of
clean water, which in turn causes water borne diseases. In addition, waste in the slums
is not disposed of properly, which increases the manifestation of rubbish in the streets

and stash in open junkyards where insects and flies procreate (Ahianba er al., 2008;
Nwaka, 2005b).

The main ideology of good housing conditions and healthy living is to provide quality
shelter that will conform to economic and social benefits to a logical level for the
wellbeing of its residents (Aliu and Adebayo, 2010). According to Aliu and Adebayo,
the essence of human life is to live in constant health - a mostly satisfying and joyous
existence. However, the urban poor in Nigeria have so far not been living in decent and
affordable houses and do not enjoy the comfort that comes along with a healthy, decent

living standard in the country. Therefore, there is an urgent need for slums upgrades in

Nigeria.

2.2.4 Affordable Housing

Affordability is concerned with securing a given standard of housing at a price or rent,
which does not impose a burden on household income (Aribigbola, 2008). The issue of
affordable housing has been making headway for quite a while now in Nigeria. A
survey on urban housing in Nigeria shows that rent constitutes to about 60% of the
average worker's income, leaving the remaining 40% for feeding, transport etc. (Eke,
2004). However, this amount is almost two times the usual low cost affordability rate.
The housing affordability scheme is classified to be no more than 30% of the family
income on rent and no more than 30% on bills and mortgages for those who own their
houses (Abimaje ef al., 2014; Aribigbola, 2008; Daramola, 2006). However, about 70%
of Nigerian citizens live under a dollar per day (Alagbe and Adeboye, 2005). According
to Olotuah and Bobayode (2009), housing the urban poor is one of the most persistent
problems confronting many nations in the 21st century. Unless houses are provided at a
very affordable rate, the lack of adequate low cost housing will only escalate, especially

among the urban poor.
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According to Ayeyemi (2011), the delivery of mass low cost housing used to be among
the major priorities of Nigeria’s public sector. However, less than 10% of houses are
considered to be low cost in Nigeria (Ayeyemi, 2011). The housing shortage in urban
Nigeria, especially the affordable (low cost) housing, is attributed to the large number of
people with low-income wages and irregular jobs dwelling in the urban areas of the
country (Olotuah, 2010). Urbanization problems and population growth are ongoing
processes and will only increase considering the laxities and decadence of the Nigerian
government in housing provision and urban development. Therefore, there is a need for
the public and private sector of the country to act as quickly as possible to tackle the
ongoing housing crisis before it becomes even more catastrophic. The Nigerian
government has already made several attempts through direct and indirect intervention
on housing provision in the country. The public sector involvement in housing
provision was through the formulation of robust policies and direct involvement in

housing deliveries.

2.3 Public Sector Intervention in Housing Provision in Nigeria

2.3.1 The Nigerian National Housing Policies

The Nigerian building industry has developed and implemented several housing
policies and strategies, all in an attempt to address the qualitative and the quantitative
housing problems in the country, particularly those of the low income earners
(Abdullahi and Abd-Aziz, 2010; Ademiluyi, 2010). The major building plans
established by the Nigerian government include both the National Development Plan
and the National Rolling Plan (Ademiluyi, 2010; Olayiwola et al., 2005; Kabir, 2005;
Kabir, 2004). The National Development Plan was introduced in 1962, two years after
the Nigerian independence, and lasted until 1985 when it was decommissioned. The
National Rolling Plan was commissioned in 1990, five years after the National
Development Plan was cancelled (Gbolagade, 2005). Many policies were created and
implemented within the Nigerian building sector, but without impact, especially in
terms of adequate housing provision (Kabir, 2005; Kabir, 2004). Despite the effort
made, the Nigerian housing problem still remains intractable. The intervention made by
the public sector on housing provision, from the Nigerian independence to the present

day, is discussed below.
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2.3.2 The Colonial Period (up to 1960)

Before Nigeria's independence, government housing programmes and policies were
focused mainly on the delivery of housing units for the expatriate staff and for some
selected indigenous staff in specialized occupations, such as railway workers, the
police, the armed forces, and the marines (FMLHUD, 2012; Olotuah, 2000). The
Nigerian government did not make any effort and nothing was done to ameliorate the
growth of settlement outside the Government Reservation Areas (FMLHUD, 2012).
The Government Reservation Areas (GRA) were built for colonial masters using
European methods of house building (Olotuah and Bobadoye, 2009; Adeboye, 2005).
These areas consisted of nursing centers, hospitals, schools, leisure centers and all the
basic amenities needed to attain a good standard of living (Adeboye, 2005).
Unfortunately, they soon became suburban areas for those with a higher income
immediately after the colonial era (Alagbe and Adeboye, 2005). Olotuah and Bobadoye
(2009) supported this claim by stating that the houses had become official house for
Nigerian administrators and political elites. However, due to the higher increase in the
number of administrative staff in the country, the demand for these houses swiftly
became higher than the supply rate and in the end the system turned out to be a fiasco
(Olotuah and Bobadoye, 2009).

In 1956 the National Building Scheme (NBS) was introduced in Nigeria, designed to -
help improve mortgage loans to its citizens (FGN, 2004). However, the scheme
achieved little success due to the poor response to the saving and funding elements of
the society (FMLHUD, 2012). The scheme was planned to favour the elites, rather than
the poor majority (Olotuah and Bobadoye, 2009; Nwaka, 2005a). According to
Aribigbola, (2008), it failed to make headway because of the limited financial resources
coupled with the bad perception of the scheme among the Nigerian populace. In 1956,
the African Housing Scheme was introduced to help civil servants of the country own a
decent home (FMLHUD, 2012). However, there is no record of its level of success (or
failure). Colonial approaches to African urban housing before the Nigerian
independence in 1960 were through redeployment of decaying areas coupled with the
regeneration of slums areas, as well as the construction of housing estates (Usman ef al.,
2014). Before Nigeria’s independence housing corporations were created by its

government to help provide houses in all regions of the country (FMLHUD, 2012).
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These corporations formed the basis for modern housing estates in Nigeria. (FMLHUD,
2012).

2.3.3 Post Colonial Era (First National Development Plan 1962-1968)

The Government initiated a new housing plan between 1962-1968 to bolster and
increase the number of housing units in Nigeria (Ademiluyi, 2010). Part of the planning
initiative was to provide 24,000 housing units in Lagos, which was the capital of the
country at the time, but due to the civil war outbreak in 1967, only 500 housing units
were built (Olayiwola et al., 2005). Not even 3% of the initial target was achieved.
Therefore, the first national development plan (NDP) in 1962-1968 mentioned housing
as part of industrial estates, land acquisition, town planning and delivering affordable

public housing delivery for all Nigerian citizens (Olayiwola et al., 2005).

2.3.4 Second National Development Plan (1970-1974)

The Government initiated the second national development plan from 1970-1974, which
was aimed at delivering 60,000 houses across all the Nigerian state capitals, with Lagos
being the main target (Ademiluyi, 2010). Ademuluyi further noted that the project was
successful. According to Olayiwola et al. (2005), the second national development plan
was more unique and vibrant because the Nigerian government had embraced housing

provision as part of its political and socioeconomic responsibility.

The National Council on Housing was established in 1971, which consists of all the
housing commissioners in the country (FMLHUD, 2012; FGN, 2004). However, this
led to the establishment of a national housing programme in 1972, during the National
Development Period (FMLHUD, 2012). In 1972, the Federal Government initiated the
construction of 59,000 houses with 15,000 in Lagos and the remaining 4,000 houses in
each of the other eleven state capitals of the country at the time (FMLHUD, 2012). A
different scheme known as the Staff Housing Board was established in 1972 to help
grant loans to the civil servants who wanted to build their own houses (Olotuah and
Bobadoye, 2009).

However, there is no report on the impact of the scheme. Moreover, the Federal

Housing Authority (FHA) was created in 1973 to co-ordinate the Nigerian housing

20




programmes. According to Olotuah and Bobadoye, (2009), the Federal Mortgage Bank
was created that same year to help alleviate the housing paucity in the country. The
Government through the Central Bank of Nigeria directed the commercial banks to
allocate about 6% of their total income to real estate (Usman ef al., 2014). Usman ef al.,

(2014) further noted that, despite the effort made, the housing problems remain

persistent.

2.3.5 Third National Development Plan (1975 to 1980)

Between 1975-1980, the Nigerian government created a new Federal Ministry of
Environment Housing and Urban development (FMEHUD) to re-evaluate housing
policies, as well as to monitor and control the housing developments in the country
(Kabir, 2005; Kabir, 2004). The ministry was aimed at implementing a successful
policy on housing provision and urban development in the country (Ikejiofor, 2005). In
1976, after a change in the Nigerian government, the housing policy and construction

standards was reassessed and amended (Olayiwola et al., 2005).

2.3.6 Fourth National Development Plan (1981-1985)

Between 1975-1984, a project worth more than two billion naira was allocated to the
building sector for the provision of 202,000 house building units, 50,000 of which were
planned for Lagos. The remaining 152,000 were to be shared equally between the
country’s remaining states (Ademiluyi, 2010; Kabir, 2005; Kabir, 2004). A success rate
of only 13.3% was recorded (Ademiluyi, 2010). No reason was given as to why the
project failed, nor was anyone called to account. In 1979, after a change of government
from the military regime to a civilian regime, the new government initiated a new plan
to provide a target of 200,000 housing units yearly in order to increase and alleviate the
provision of housing in Nigeria (Kabir, 2005; Olayiwola ef al., 2005; Kabir, 2004). The
impact of the plan was not recorded. Nevertheless, an elaborate national housing
programme was initiated in 1980 based on the idea of affordability and citizen
participation (FMLHUD, 2012). The programme was aimed at the low and medium
income earners with an annual income not exceeding 5,000 and 8,000 naira respectively
(FMLHUD, 2012). The construction of 40,000 housing units yearly was initiated, with
2,000 of these to be built in each state of the country including the Federal Capital
Territory (FCT) (Onyekachi, 2014; FMLHUD, 2012). However, only 20% (32,000

21




units) of the overall intended housing units were achieved by June 1983 (Onyekachi,

2014; FMLHUD, 2012). Again, there was no reason given as to why this plan failed.

A committee was set up in 1985 by the Nigerian government to create a feasible
national housing policy that would provide a solution to Nigeria’s housing problems
(Onyekachi, 2014; Olotuah and Bobadoye, 2009). The aim of the policy was to
guarantee access to adequate houses for all Nigerians at an affordable rate. They further
noted that the objective of the national housing policies includes reformation of existing
structures, the establishment of new ones and the proclamation of new laws. According
to Onyekachi (2014), the policy was criticized to lack strategic plans for
implementation. In the same year, the federal housing authority (FHA) initiated its
agenda to provide 143,000 low-cost housing units across the states of the country
(Ademiluyi, 2010; Olayiwola et al., 2005; Kabir, 2005). The success of the plan was not
specified. However, in 1984, there was a change in Nigeria's government from
democracy to military rule (personal communication, 2014). According to Olayiwola et
al. (2005), the initial 50,000 housing units intended to be delivered to Lagos were
abandoned, and the new military government initiated a new plan to build 8,000 units in
Lagos. However, there was no record as to the success or failure of the project initiated

by the new government.

According to the Federal Ministry of Land Housing and Urban Development
(FMLHUD), about 2 billion naira was budgeted for housing provision during the fourth
national development plan, but in the end only about a quarter of the amount was spent
on the intended housing target. Therefore, the overall impact of the programme was
affected. However, some of the factors responsible for the failure of the programme
include; the location of the land allocated by state governments, the adoption of a
similar housing design regardless of the state’s climatic differences and the number of
units and project locations across the country that were beyond the execution capacity

of Nigeria's building industry (FMLHUD, 2012).
2.3.7 Military Regime (1984-1999)

After a change of government in 1983, the new government abolished the Federal

Ministry of Housing and Environment and merged it with the then Federal Ministry of
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Works and Surveys to become the Federal Ministry of Works and Housing (FMLHUD,

2012). In 1986, the military government had distanced itself with the direct involvement
of housing provision due to the poor and dwindling situation of the Nigerian economy
(Olayiwola et al., 2005).

2.3.8 National Rolling Plan (1991)

The housing predicament led to the establishment of a new housing plan in 1991 known
as the National Rolling Plan (NRP), which aimed to make sure every citizen acquired
affordable low-cost housing units by the year 2000 to meet the United Nations
Millennium Development Goal agenda (FMLHUD, 2012; Ademiluyi and Raji, 2008;
Olayiwola et al., 2005). “Consequent upon this, it became necessary to restructure
institutions and/or create the following new structures and promulgate new enabling
laws, among others, for the purpose of realizing the goal of the policy via Employees
Housing Scheme (Special Provisions) Act; Federal Housing Authority Act, 1990;
Mortgage Institutions Act, 1989; National Housing Fund Act, 1992; Urban
Development Bank of Nigeria Act, 1992; Urban and Regional Planning Act, 1992;
Nigerian Social Insurance Trust Fund Act, 1993; Federal Mortgage Bank of Nigeria
Act, 1993; National Construction Policy, 1991; and National Urban Development
Policy, 1997 (FMLHUD, 2012. Pp.123)."

Therefore, as part of the National Rolling Plan (NRP), 2,892 plots were allocated in
Lagos, Kano, Kwara, Imo, Ondo, and River by the Nigerian government to help ease
housing problems in the country (Ademiluyi, 2010). In addition, between 1993-1995, a
further 10,474 plots were allocated for the public who were willing to build their
individual private homes. Nevertheless, an additional 121,000 houses were built in the
new states that were created at the time (Ademiluyi, 2010; Udechukwu, 2008;
Ademiluyi and Raji, 2008; Olayiwola et al., 2005). However, the 1991 National Rolling

Plan (NRP) showed no positive impact on the reassessment of the new housing plan
(Ikejiofor, 2005).

In 1996, the Federal Housing Authority initiated the Gwarinpa II Housing Scheme in
order to reduce the housing shortage in the Federal Capital Territory (FMLHUD, 2012).

"The entire project covers a total of 1,090 hectares of land with over 5,000 housing
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units" (FMLHUD, 2012). Kabir (2004) suggests that these plots of land provided by the
Government were allocated mostly away from the existing structure with no road access
or basic amenities. Public sociocultural attitudes were not considered at all during the
design initiation stage. There is no record to the success of this scheme. According to
GDA, 2012, Gwarinpa housing estate is set to be the largest housing estates in West

Africa. This perhaps shows some level of impact on the overall effort made.

However, about 3.5 billion naira was apportioned by the Government to housing
provision under the National Rolling Plan from 1999-2001 (FRN, 2000; NPC, 2000;
FRN, 1998). The public sector had also intervened through providing houses for
military officers, university lecturers, students, police officers and other government
organizations and institutions within the country (Oladapo, 2006). Oladapo further
noted that the university housing accommodations are among the largest housing units

provided by the public sector of Nigeria.

Since early 1999, when the civilian government was formed, the public sector had yet to
regard housing provision as part of its main agenda in improving and strengthening the
country’s economy (FMLHUD, 2012). Therefore, housing problems have been
neglected. In August 2000, the Federal Ministry of Works and Housing formed a
committee to look into and articulate the process of integrating the Federal Mortgage
Finance Limited and Federal Mortgage Bank of Nigeria (FMLHUD, 2012). The
committee suggested the abrogation of the Federal Mortgage Finance Limited and the

restructuring of the Federal Mortgage Bank of Nigeria (FMLHUD, 2012).

Another committee of fifteen members was set up in May 2001 to discuss the issues of
urban development and housing provision in the country (FMLHUD, 2012). The
committee submitted its report known as the National Policy on Housing and Urban
Development. (FMLHUD, 2012). The main aim of the policy was “...fo ensure that all
Nigerians own or have access to decent, safe and sanitary housing accommodation at
affordable cost with secured tenure through private sector initiative with government

encouragement and involvement" (FMLHUD, 2012, Pp.112).

In 2004, the Nigerian government vowed to encourage and fund research on the

utilization of indigenous building materials for the delivery of at least 1,000 housing
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units in every state of the country before the year 2007 (Ademiluyi, 2010). However,
the plan was not successful due to political uncertainty and over centralized means of
decision and implementation (Olayiwola et al., 2005). This was despite the fact that the
utilization of local building materials could have been a huge step towards the
revitalization of affordable houses and the acquisition of local technological capabilities

in Nigeria.

2.3.9 Civilian Administration (2007 to 2010)
In May 2007, there was a change of administration in Nigeria. However, the new
government inherited the responsibilities and assets of the previous administration
(FMLHUD, 2012). In order to maintain the momentum of the past, the public sector felt
the need for a vibrant and urgent strategic housing delivery plan to tackle the housing
problems in the country. According to the Report of the Federal Ministry of Lands
Housing and Urban Development (2012), the efforts made by the new administration on
housing provision included:

1. The Seven Point Agenda (land reform);

2. The setting up of the following committees:

¢ Land Use Act Review Committee (2007)

e Presidential Committee on the Implementation of Policy on Affordable Housing

Delivery (2007)

e The Presidential Technical Committee on Land Reform (2009)

Therefore, this entire effort was merely government propaganda as nothing was done in

terms of actual implementation of the plans.

2.3.10 Civilian Administration (6th May, 2010 to present day)

After the death of Nigerian president (Alhaji Umaru Musa Yar’ Adua), the country saw
a change in its government in May 2010. However, the new government still retained
the existing housing policies of the country and enhanced the policy by re-establishing a
new Ministry of Housing known as the Federal Ministry of Lands Housing and Urban
Development (FMLHUD, 2012). Part of its objectives included:

(i) The Federal Ministry of Housing will provide land and infrastructures for states in

collaboration with local government. Part of the aim of the initiative is that the states

25




and local governments will provide at least 150,000 — 200,000 housing units across the
major cities of the country annually. This includes the use of local building materials

and the involvement of local contractors to create jobs within the sector.

(i1) Housing provisions help to increase economic growth and form significant and vital
parts of the Gross Domestic Product (GDP) of most countries. “Nigeria, with an
estimated population of 150 million, requires at least 720,000 additional housing units
per annum (based on an estimate of nine dwelling units a year per 1,000 people), not
only to replenish decaying housing stock, but also to meet rising demand and avert a

Sfurther housing crisis by 2020” (FMLHUD, 2012. PP.113).

However, other housing delivery plans initiated by the current administration include
the national technical working group in housing delivery, which in Nigeria is known as
vision 20:20. The report of vision 20:20 stated that: "Housing would be achieved
through a private sector led housing delivery system anchored on mass construction of
houses and strong mortgage finance." The implementation plan of the technical working
committee on vision 20:20 added that 10 million new houses to the national housing
stock should increase by an average of 1 million every year, and ensure that at least 50
percent of the new homes are built in urban centers and the remaining in rural areas as
well as providing incentives to encourage Public Private Partnership (PPP) in mass

housing development” (FMLHUD, 2012).

The financial sector strategy on housing mortgage for vision 20:20 is summarized as

follows:

(i) The creation of a vibrant mortgage market that would provide access to housing
finance to more than 30% of Nigerian citizens from all the social classes in
the urban centers. Part of this goal is to increase the access of housing
finance in the country from the present level of 0.5% to 30%.

(i) A market that would account for at least 15% of Nigeria’s gross domestic
product (GDP) as well as providing at least 10% of people with jobs within
the building sector. Part of this goal is to improve the contribution of the

current GDP of mortgages from 0.76% to 15%.
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(iii) “A market that has multiple long-term funding sources including full

integration with the Nigerian capital market where the value of listed
mortgage-backed securities would be at least 20% of the market

capitalisation of equities."

Several housing programmes were initiated by the public sector since independence of
Nigeria, but most of the housing schemes remained unsuccessful. Nigeria is yet to
develop an effective and workable housing delivery programme that would enable the
country to achieve the goals of its housing for all policy (Marshal and Onyekachi,
2014). Thus, the major intervention made on housing delivery in Nigeria is through the

private sector as discussed below.

2.4 Private Sector Intervention in Housing Delivery in Nigeria

2.4.1 Individual

In regards to housing delivery, private sector intervention in Nigeria mainly comes in
the form of personal effort. According to Mordi (2002), about 90% of housing units in
Nigeria were funded by individuals. People usually buy land to build a house of their
choice, an individual effort which could take a lifetime (Andrew, 2007). The individuals
represent the highest source of housing provision within the private sector (Gbadeyan,
2011). In most parts of the country, individuals build their houses using their own
personal savings. Some build for business purposes such as rental housing units while
others built for personal reasons. The rental houses are usually tailored to all income
classes in the country, but the issue of affordability is still a huge problem because
every proprietor fixes the price they deem profitable and this causes the low-income
earners to miss out. There is no record on the number of houses delivered using this

method, but there is no doubt that majority of houses built in Nigeria are based on

individuals effort.

2.4.2 Cooperative Societies

The concept of cooperative house building is when an individual wishing to build a
house seeks help, usually from family, friends, neighbours or in-laws (Wahab, 1988).
Wahab further noted that this method of house provision largely depends on the

utilization of local building materials and are usually practiced in the rural areas of
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Nigeria. According to Olajide (1992), the cooperative housing scheme in Nigeria is a
conceptual aim rather than an achievement package for the people, by the people and of
the people. Olajide further noted that the system is considered a constructive
development in the delivery of house building because the scheme is non-profitable.
Every month, members of the society will contribute a little amount of money and loan
it to one of their members (Oyewole, 2010). The cooperative sometimes builds houses
and allocates them to members within the society based on a lottery process with a time

limit on the payment date (Ogunnubi, 1997).

The community offers support, which includes; free labour, free food and free building
materials and equipment (Wahab, 1988). According to Daramola (2010), the
cooperative system of housing provision is also making headway in countries like
Sweden, the Philippines, Italy and Zambia. Gbadeyan (2011) stated that this scheme is
becoming more and more feasible and acceptable in Nigeria. According to Daramola
(2006), this system of house building should be seen as an effort in providing low cost
house buildings with minimal available materials, rather than an alternative step to
providing adequate mass housing in the country. Daramola further added that it should
be seen as a sociocultural way of providing shelter in Nigeria. However, despite the
contribution of cooperative individuals towards housing provision in Nigeria, the plan is
being criticized as an inappropriate means of mass housing delivery (Oyewole, 2010).
However, there is very limited information on corporative housing scheme in Nigeria.

There is no record to the level of contribution of corporative housing scheme in Nigeria.

2.4.3 Corporate Bodies

The Nigeria government has urged corporate bodies to intervene in the ongoing house
building supply in the country. In 1979, the Nigerian government created a new law
known as Decree 54 (special provision), urging any company or governmental
organization with more than 500 employees to provide at least 50 houses for their staff,
75% of which had to be allocated to non-executives (Nubi, 2000). This scheme may
have been the obvious means of reducing the housing deficit confronting the country.
However, the scheme faced severe confrontation from intermediaries who increased the
cost of these houses far beyond the reach of the low-income earners (Nubi, 2000). There

is no record on the number of units delivered through special provision decree 54.
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2.4.4 Non-governmental and Voluntary Organizations

Non-governmental and voluntary organizations have been increasingly contributing
towards the provision of housing in Nigeria, both in the urban and rural parts of the
country (Gbadeyan, 2011). These organizations are usually non-profitable organizations
such as the multi-choice network (MTN) foundation for low cost house building
projects and other religious organizations. These organizations offer their support to
people who are affected by war, flood and other natural disasters. In 2005, the MTN
foundation and habitat for humanity low-cost housing project was launched to help the
low income earners acquire adequate low cost housing through mortgage loan scheme
(Makinde, 2014). Makinde (2014) stated that, the Mobile Telecommunication of
Nigeria (MTN) organization plans to build 600 low cost housing units in blocks of 100
units in each of the six geo-political zones in Nigeria. Makinde further noted that, 100
units have been completed in Nasarawa State (North Central) region of Nigeria.
Gbadeyan (2011) states that Muslim and Christian organizations are also involved in
providing low cost house buildings and reselling them at a subsidizing rate to their
members (Gbadeyan, 2011). Even though this method of housing provision is practiced
in Nigeria, the impact of non-governmental and voluntary organizations are not always
felt considering the soaring gap between the housing need and the limited supply of

house buildings in the country.

2.4.5 Investors

The Nigerian government has also encouraged many companies to invest in the building
sector, all in an effort to bolster and reduce the housing problems in the country
(Gbadeyan, 2011). These companies usually form a partnership with the Nigerian local
estate developers to give them more capital support that will get the local estate
developers to engage in a larger capital based projects within the country (Gbadeyan,
2011). According to Kalu et al., (2014), lack of adequate incentives to investors
contributes to the housing intervention failure. Kalu et al., (2014) further opined that the
Nigerian government must provide incentives and other stimulating factors for the
investors in order to engage them in low cost housing provision. However, there is no
record of the impact of foreign investors in Nigeria. According to Eni and Danson
(2014), the major factor lacking in the private sector initiative is that of affordable low

cost. Eni and Danson further stated that, majority of the housing units produced by the
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sector are usually very expensive beyond the reach of the low-income earners. Thus, the
issue of affordability among the low-income group must be taken in to consideration. In
order to address the problems of housing especially that of affordable low cost housing
in Nigeria, the public and private needs to come together and collectively initiate and

implement a strategic plan for low cost housing provision in the country.

2.5 Public-private Partnership Scheme in Nigeria

“(The) public-private partnership scheme refers to a larger formal or informal
association between the housing market members from the public and private sectors,
planners, city officials, community organizations, major corporations, housing
developers, housing consumers, banks and other financial institutions” (Ikejiofor, 2005.
Pp.1). Public and private partnerships are certified agreements made by governmental
and private companies for the delivery of infrastructural services (Ibem, 2010; ADB,
2006). Enhancing the performance of the housing market by encouraging both the
public and private parties to get involved in housing provision and joint decision

making is of the utmost importance (UN-Habitat, 2006).

Public-private partnership is where both the public and private sector come together to
achieve a common goal. According to UN-Habitat (2006), the partnership between
government and civil societies has been one of the most effective means of providing
house buildings to the urban poor. Evidence of such partnership include; Gwarinpa
housing estate of over 5000 units (FMLHUD, 2012). Another evidence of public private
partnership is the construction of over 2500 housing units in Mboura district Abuja
Nigeria (CITEC, 2013). However, considering the number of housing deficit in Nigeria,
this number of units far behind the number of units required. The public-private
partnership scheme has been very effective towards delivering low-cost housing in the

country (Ibem, 2010; Kinyunga, 2004).

In contrary, there is no evidence to support Ibem and Kinyunga’s argument. According
to Jimoh and Onochie (2015), the Nigerian national minimum wage salary is N18, 000
per month (About £60 or $100). An average two-bedroom house in Mboura District
costs about N17,000,000 (approximately £50,000) and N20,000,000 in Gwarinpa
(approximately £60,000) (Nigeria Property Centre, 2015). Therefore, the housing
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affordability scheme is classified to be no more than 30% of the family income on rent

and no more than 30% on bills and mortgages for those who own their houses (Abimaje
et al., 2014; Aribigbola, 2008; Daramola, 2006). According to the affordability scheme,
30% of N18,000 (approximately £60) per month is N5400 (£18). This shows that, the
houses built using this scheme is far beyond affordability rate of a low-income earner in
Nigeria. Sengupta (2005) argues that the extent of the scheme depends on economic

strength and the political situation of the area.

The Government agreed to back out from direct involvement in the building and sale of
houses due to past failures of the public sector in regards to housing delivery (Ikejiofor,
2005). According to Abdullahi and Abd-Aziz (2010), the current public-private
partnership plan accepted the private sector as the source through which the housing
problems will be tackled, and the Government will act as an enabler and the initiator of
the house building provision in Nigeria. Since both the public and private sector could
not efficiently provide adequate housing individually in Nigeria, the recent plan adopted
to tackle the housing problem is through the public and private partnership (NEEDS,
2003). However, the partnership aims to combine the capabilities of both public and
private sectors to create vibrant shared advantages (Ibem, 2010; PPP, 2003).

Using a public-private partnership, more than 19,000 housing projects were initiated in
Lagos alone (Adeloye, 2011). Part of the agreement made was that the Government
should provide land while the private sector would arrange the resources for the housing
estates (Adeloye, 2011). Ibem (2010) stated that although the public-private partnership
scheme in Nigeria had so far been making progress, the scheme did not address the
persistent increase in the country's housing problems, especially within the low-income
earners who constitute to the greater majority of the population. According to Olofa and
Nwosu (2015), major actors in the public-private partnership in Nigeria are government
(public sector) and real estate developers (private sector), while other stakeholders
could be insurance companies, financial institutions, building materials suppliers and

construction companies.
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2.6 Factors Affecting Housing Supply in Nigeria

Several plans had been put in place in order to tackle and ease the housing predicament
facing the Nigerian building industry. As already noted some of these efforts include
public sector intervention, private sector intervention and public-private partnerships.
However, there had not been any efficient or reliable solutions to tackle the housing
problems confronting the nation. According to Bayode (2008), the housing shortage in
Nigeria only increases day by day. Some of the factors contributing to the housing
delivery failure in Nigeria include: building material cost, lack of infrastructure,

corruption, affordability, poor finance mechanism, unstable economy and land.

2.6.1 Building Materials Cost

The high cost of building materials in Nigeria has strongly affected the provision of
housing in the country (Olofa and Nwosu, 2015; Kalu et al., 2014; Adewale, 2010:;
Adedeji, 2008; Raji, 2008; Udechukwu, 2008). The cost of building materials usually
amounts to about 60% of the building’s total expenditure (Onibokun ef al., 1990). The
building materials used in Nigeria have evolved over the past five decades, from the
utilization of local indigenous building materials such as; timber, mud and bamboo, to
the use of mostly imported western building materials such as; concrete, cement, steel
and glass. (Makinde, 2014; Akinmoladun and Oluwale, 2007). Therefore, due to the
higher dependence and utilization of imported building materials in the country, houses
have become so expensive that they are beyond the reach of the average Nigerian (Kalu
et al., 2014; Makinde, 2014; Olayiwola and Adedokun, 2014; Ayegun and Oluwatobi,
2011; Akinmoladun and Oluwale, 2007). Cement, in particular, makes up about 40% of
the total cost, and its production is relatively low in the country, which leaves

consumers with no option other than to import it (Adewale, 2010; Andrew, 2007).

The higher cost of building materials in Nigeria is due to the incompetence of the
Government and the building industry in supporting the use of the locally produced
building materials (Udechukwu, 2008). The issues of finance and rising cost of building
materials have contributed to the housing shortage in Nigeria (Olayiwola and
Adedokun, 2014). The Nigerian government has not been supportive enough in funding
research and development that could aid in improving the standards of local building

materials (Kalu ef al., 2014). The higher cost of building materials have increased the
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housing prices in Nigeria and as a result affected the entire idea and possibility of

affordable mass housing delivery (Gbadeyan, 2011). However, in order to solve the
problems related to the high cost of building materials, readily available local building
materials should be researched into with a vision to improve their qualities and make
them suitable for the construction of affordable low cost housing (Ayedun and
Oluwatobi, 2011).

2.6.2 Lack of Infrastructure

Lack of basic infrastructures such as roads, electricity and water has created a huge
setback to housing provisions in Nigeria (Makinde, 2014; Adewale, 2010;
Akinmoladum and Oluwale, 2007; Andrew, 2007). The lack of infrastructure in the
country has forced many building companies to close down, and some have relocated to
neighbouring countries where there are adequate infrastructures that will help keep their
operations running at minimal cost (Adewale, 2010). Andrew (2007) stated that in most
cases the companies themselves provide the infrastructures in order to perform their
building projects at ease. According to Makinde (2014), the cost of infrastructure
accounts for about 30% of housing expenditures. Marshal and Onyekachi (2014), stated
that, the Nigerian government has failed to provide basic infrastructures in the country.
Therefore, the high cost of infrastructure significantly influences the final price of the
serviced land and ultimately the cost of houses in Nigeria (Makinde, 2014).

2.6.3 Corruption

The high level of corruption has also contributed to the qualitative and quantitative
affordable housing problem in the country. The corruption within the building industry
has played a huge part in past failures of housing delivery effort by the public sector.
According to Marshal and Onyekachi (2014), corruption, public probity and
accountability, inefficient and ineffective administrative machinery has all contributed
to the housing paucity in Nigeria. In 1982, Chief Obafemi Awolowo alerted the country
that about 5.4 million naira (equivalent to almost 2 million dollars at the time) was
missing, highlighting the intensity of corruption within the building industry (Olayiwola
et al., 2005). The value of the missing money was huge at the time. This may be among
the reasons why most of the housing projects initiated by the Government in the past

were never completed and the ones that were completed were sometimes not up to
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standard. However, the issue of corruption has continued to be a major factor that

affects almost every sector of Nigeria, not just housing.

2.6.4 The Problem of Affordability of the Low-income Earners

An average citizen of Nigeria cannot afford to build or buy a decent house due to their
low level of income and the escalating housing costs (Anugwom, 2003). According to
Udechukwu (2008), an average citizen of Nigeria spends about 60% of their salary on
rent which leaves them with little money left to spend on other miscellaneous items
needed. Where as, the standard affordability rate should not be more than 30% of an
individual’s salary (Abimaje ef al., 2014). The trend in housing cost, building materials
and salaries of workers, especially those of the civil servants in Nigeria, do not correlate
with each other (Ayedun and Oluwatobi, 2011). Ayedun and Oluwatobi further stated
that the salaries of civil servants do not increase at the same pace as the building
materials and housing costs. The issue of affordable low cost housing must be addressed
among the low-income earners in Nigeria; if not the situation could only escalate the

number of slums and squatter settlements around the urban areas of the country.

2.6.5 Poor finance mechanism and Mortgage system

The mortgage market in Nigeria is still relatively new (Adewale, 2010; Andrew, 2007).
The mortgage practice and system of adopting loan in Nigeria makes it difficult for the
low-income earners to benefit, and the majority of the mortgage loans went to the upper
class (Olofa and Nwosu, 2015; Marshal and Onyekachi, 2014). According to Ayedun
and Oluwatobi (2011), the commercial banks and insurance companies have not played
a significant role in housing delivery in Nigeria. Lending policy for mortgages from
insurance companies and banks are conservative while commercial banks find it
difficult to give out long-term loans (Eni and Danson, 2014; Ayedun and Oluwatobi,
2011). Lack of long term finance to develop housing is a major hindrance (Bernard,
2014). Bernard (2014) further stated that, the existing mortgage system that should

provide housing loan is incapable of satisfying the needs of the populace.

Most households in Nigeria fall under the category of low income and a three-bedroom
house in federal housing authority of Nigeria costs close to 9.5million Naira

(approximately $43,000 or £28,000) (Ayodele et al., 2013). Under the current rules a
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buyer via the NHF will have contributed to the Fund for up to 6 months and will be
required to pay 30% of the asking price (roughly N3.2 Million) to a PMI, before
applying to FMBN for the remaining balance of about 6.3 million naira (Ayodele et al.,

2013. p.34). This figure is far beyond the affordability rate of an average Nigerian.
Nevertheless, the eligibility criteria for borrowing in Nigeria usually involve a steady
income and other collateral. According to Kalu et al., (2014), the low income earners do
not have the collaterals required by the mortgage institution and could not satisfy the
stringent administrative conditions required. Makinde (2014) opined that, appropriate
finance mechanism for low-cost housing must be leveraged with particular emphasis on

more realistic eligibility criteria and low interest rate.
2.6.6 Unstable Economic Environment

The instability of Nigeria’s economy has prevented investors and borrowers from
involving themselves with the housing provisions in the country (Makinde, 2014;
Adewale, 2010; Andrew, 2007). According to Nwoye et al., (2014), GDP could serve as
an effective evaluation tool for weighing the general health of the economy towards
revealing the stabilization status of the country’s economy. The Nigerian current GDP
stands at about 5.5%, which is far beyond the target estimate of maintaining at least
12% growth rate (Nwoye et al., 2014). According to Udechukwu (2008), the loss of
currency value and the inflation rate in Nigeria over the past few decades has further
affected the economic situation of the country (Udechukwu, 2008). The issue of
inflation varies from one country to another. Inflation in Nigeria has been attributed to
mostly, excess liquidity in the financial system, poor infrastructure, perennial high cost
of funds, depreciation of Nigerian currency value, poor transportation network,
incongruous fiscal and monetary policies and corrupt government (Nwude, 2013).
Inflation in Nigeria is still in double digits (Makinde, 2014). In Nigeria, inflationary
pressure has been dense and persistent and the nation is yet to break out from this
vicious circle. Inflation in Nigeria increased from 13% in 1991 to 46% 1992 and to
72.8% in 1995. From then, it steadily dropped to 6.9% in 2000 before increasing to
10.8% in 2011 and has stayed within +2% brackets since (Nwude, 2013). The poor state
of the Nigerian economy could also have contributed to the housing paucity in the
country, mainly because it discourages any platform for competition between investors

within the building sector. The issue of insecurity caused by the intrusion of insurgents
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in the country may perhaps have a negative effect on the country’s economy as well as
its potential to attract foreign investors whom might be interested in housing and

infrastructural development.

2.6.7 Unavailability of Land

Land availability is vital to the provision of housing in any society. Land is a crucial
element in property development process and its accessibility is important to achieving
efficient and sustainable housing delivery in urban environment (Owoeye and Adedeji,
2015). The relatively small size of the land resource base coupled with its historical and
current pattern of ownership in Nigeria presents serious constraints to housing provision
(Makinde, 2014). Therefore, the issue of land availability deserves a special attention.
Many private developers increase the prices of their houses tremendously due to the
unavailability of adequate land (Personal communication, 2015). Land acquisition in
the prime locations especially in the urban areas are beyond the reach of low and
medium income households in Nigeria and this has a huge negative impact on
affordable housing delivery (Eni and Danson, 2014; Festus and Amos, 2014; Makinde,
2014). The problem attributed to land access in Nigeria includes the bottlenecks in the
processing of certificate of occupancy as well as building plans approval (Festus and
Amos, 2014). According to Onyekachi (2014), any reform in housing sector must
include a reform in the housing institution that supports the acquisition of housing.
Therefore, housing reform that is aimed at mortgage improvement will lead to reforms
in the financial sector with a view of evolving an effective mortgage scheme, while

reforms in land administration aims at ensuring accessibility of land to all Nigerians

(Onyekachi, 2014).

2.7 Conclusion

Several generic plans on housing provision were initiated and executed in Nigeria, all in
the attempt to mitigate the persistent qualitative and quantitative housing problems
confronting the building industry. Despite the effort made by the Government in the
implementation of national development plans, the housing plans were overall
considered a failure in terms of meeting the exact initial targets for the housing units

intended to be delivered in the country (Olotuah and Ajayi, 2008). Olotuah and

36




Bobadoye (2009) concluded that the public sector intervention in housing delivery in
Nigeria is more related to policy formulation than actual housing provisions. Issues
such as political motivation, institutionalized policy, corruption within the Government,
the lack of mortgage institutions to assist with funding, and the lack of good social and
economic structural facilities have been attributed to the housing delivery failure in

Nigeria (Aribigbola, 2008; Ndubueze, 2009).

Therefore, it can be argued that the entire housing intervention from both the public and

private sectors yielded very little success. The little impact made in the delivery of

adequate house buildings in the country is heavily attributed to the high cost of
imported building materials and the lack of zeal to promote the acquisition of local
technological capabilities, especially the revitalization and use of local indigenous
building materials. However, Nigeria needs a robust and vibrant plan on housing
provision that will involve both the public and private sectors collaborating together to

tackle the intractable housing dilemma confronting the nation.

The urgency to confront these problems must be taken as seriously as other national
priorities because of the soaring population growth and urbanization in the country;
with Nigeria’s population currently approaching 160 million and more than half of the
population living in urban areas of the country. It is clear that the methods of building
inherited from the expatriates after the Independence is increasing becoming more
expensive and beyond the reach of the average Nigeria. There is a need to go back to
the traditional ways of providing house buildings using the locally sourced sustainable
building materials in order to provide affordable low cost house buildings for the
teeming population. The next chapter will review the local building materials trend in
Nigeria and examine the types of building materials available. The chapter also seeks to
examine the potential for local building materials towards housing applications and how

the local building materials are efficiently utilized within the Nigerian building industry.
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CHAPTER THREE

LOCAL BUILDING MATERIALS USED IN NIGERIA

3.1 Introduction

In Nigeria, the need for locally sourced building materials can hardly be overstressed
due to the imbalance between the housing demand and supply caused as a result of
utilization of high cost conventional building methods using imported building
materials (Yar’adua and Aliyu, 2012). Ifesanya (2007) stated that building materials
contain up to about 70% of a building construction’s entire input. According to Gasu et
al., (2011), the right step towards overcoming the infrastructural problems is to find cost
effective building materials, since they constitute about 65-70% of the total building
cost.

The above argument further highlights how vital cost effective building materials are to
overcoming the economic side of housing problems. Adedeji (2012) argues that house
building delivery efforts have clearly been constrained by the excessive cost of building
materials; this issue cannot be practically overcome by simply turning to the utilization
of readily available local building materials without due considerations to the applicable
initiative, the sustainability of materials and the processing cost. However, it is
paramount to look for alternative building materials that are cost effective with a similar
or higher quality than those imported and at the same time remain sustainable. In view
of this, the search for low cost building materials that are economically available and
socially acceptable within the reach of an average man becomes a continuous topic of
interest (Ikechukwu, 2012). According to Adebakin er al, (2012), the high cost of
building materials coupled with the housing shortage, especially in urban areas, have

encouraged the search for alternative, innovative and cost effective building materials.

This chapter consists of two sections. The first examines the local building material
trend in Nigeria. The second mainly focuses on the types of indigenous building
materials use in the country as well as their potential for low cost housing provision.
The next chapter will critically evaluate and assess offsite prefabrication techniques of

construction, particularly if they benefit the traditional methods of construction.
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3.2 Local Building Materials Trend in Nigeria
3.2.1 The Effect of Colonialism on Local Building Materials and Building

Techniques
To date, the reorientation concerning local ethnic values has not been accomplished
with any outstanding achievement among Nigerian citizens (Atolagbe, 2009). Atolagbe
further noted that the current state of industrial and technological fatalities of most
developing countries could be attributed to the effect of colonialism experience. The
period of colonialism has brought so many changes in Nigeria, including the building
methods and materials used for house building. From 1814-1960, Nigeria witnessed the
influx and intrusion of Europe in the country’s political, economic, social and cultural
lifestyle (Atolagbe, 2009). By the 1920’s, the western influence had begun to have an
impact on the cultural, social and economic nature of the Nigerian populace. According
to Fadahunsi (1985), the traditional system of building, which had been with local
building materials, had started to pave the way for imported building materials utilized
by the Europeans. Therefore, the change in the building industry has affected the
acquisition of local technological capabilities, especially the development of local
building materials. Such materials produced locally are classified as obsolete, to the
extent that the developers prefer to import building components rather than utilize the
readily available local building materials for house building in Nigeria. Atolagbe (2009)
stated that the living standard and styles of the expatriates became the envy of
Nigerians, and the ambition of most citizens became to embrace those standards.
According to Adedeji (2012, Pp.1), “these changes rendered the undeveloped local

building materials inadequate while there was an increased demand for exotic ones™.

Long after this period the Government intervention in housing delivery has been in the
form of Government Reservation Area’s (GRA’s) for the expatriate staff (Atolagbe,
2009). The basic idea in the GRA policy was to provide liveable housing and housing
environment for those expatriate administrators comparable to the best in their
respective countries (Ukwayi ef al., 2013). The transition continued at a very fast rate
after the postcolonial era in 1960 (year of Nigeria’s independent), and the Nigerian
senior government officially took over the residential quarters after the Europeans left
(Atolagbe, 2009). Since the vacation of the expatriates, the Nigerian building industry

has adopted the European techniques of house building. The majority of social housing
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built after the postcolonial era consists largely of the European building methods using
imported materials. This change had a huge influence on the types of building materials

used for house building.

Consequently, despite the fact that it has now been almost two centuries after the
intrusion of the Europeans, Nigeria still depends on imported building materials and
largely ignores locally endowed indigenous building materials (Oruwari ef al., 2002).
According to Atolagbe (2009), the change from utilizing local building materials to the
adoption of foreign materials happened by manner of sociocultural reorientation.
However, a similar scenario could be adopted to reverse the predicament in favour of
local indigenous building materials. The Nigerian government could promote the use of
local building materials with true leadership. When the Government shows a bit of
interest in the local building materials and uses it in their mass housing project
effectively, Nigerians may possibly adopt similar techniques and style. Examples from
Scandinavian countries show that it is possible to use local building materials to provide
onsite or offsite prefabricated components for low cost house buildings (Smith, 2009).
Those local building materials used in the Scandinavian countries are similar to the ones

in Nigeria (such as timber, bamboo and clay).

3.2.2 Vision of Indigenous Building Techniques

The dispute over the return to pre-colonial techniques of house building in Nigeria
should not be seen as a return to primitive practices (Atolagbe, 2009). Housing
provision should be seen as a cultural symbol of sociocultural heritage (Olotuah, 1997).
Therefore, a change in local housing practices indicates a change in an individual’s
living and life values, from the acquired to native socio-cultural values, to the user’s
home environment, materials, techniques, styles, etc. (Olotuah 1997). A return to
housing practices and the use of local indigenous building materials based in Nigeria, its
environment, its people and its sociocultural values will be significant for the nation
(Atolagbe, 2009). Atolagbe further argues that a call to order within the Nigerian
building industry is a call for optimism, good vision, adequate housing, self-dependence
and national identity. The return to the utilization of indigenous building materials
should be embraced as a return to a more sustainable and economic system of building,

yet preserving the Nigerian building and building materials heritage. Most importantly,
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in order to enhance the acquisition of local technological capabilities within the

Nigerian building industry, it is paramount to revisit the pre-colonial ways of housing

delivery in the country using the available local building materials.

The majority of developing countries, Nigeria included, are facing severe problems with
the supply of adequate building materials for the delivery and increase of housing units
as well as the upgrade of existing buildings (Oruwari et al., 2002). The continuous
increase in building materials cost makes it impossible to provide low cost housing.
According to Oruwari ef al., (2002), the building material sectors in various developing
countries still find it difficult to balance the gap between demand and supply. Therefore,
part of the human settlement objective for most developing countries is to improve the
economic, social and environmental quality of shelter (Oruwari ef al., 2002). The above
objective can only be achieved by providing adequate housing for all (Oruwari ef al.,
2002). Since building materials are the key components to attaining any form of house
building, it is of the utmost importance to make available cost effective building

materials for house building delivery.

Nevertheless, the under supply of indigenous building materials in Nigeria has paved
the way for a higher augmentation in the use of imported building materials. According
to Oruwari ef al. (2002), Nigeria continues to depend mainly on imported building
materials, especially for building finishes and machineries. Continuous increase in the
utilization of imported building material has increased inflation in housing projects
within the Nigerian building sector (Oruwari ef al., 2002). The above disputes have
further stressed the importance of locally sourced indigenous building materials for
affordable housing provisions in the country. Other important factors such as;
sustainability, availability, ease of use, social acceptability and cost effectiveness of
building materials has further stressed the need as to why locally available building
materials must be enhanced, perfected and utilized towards low cost housing delivery in

Nigeria.

3.3 The Utilization of Indigenous Building Materials in Nigeria

This entire literature review has been emphasizing the importance of locally sourced

indigenous building materials in Nigeria, as well as exploring how and why local

41




building materials are underdeveloped or even considered obsolete by some individuals
within the Nigerian building industry. A large number of housing experts acknowledged
that local building materials serve as good alternative in housing construction and the
use of local building materials will go along way in improving the housing shortage in
developing countries such as Nigeria, thereby reducing importation and cut down the
cost of construction (Omole and Bako, 2013). Nonetheless, it is important to assess the
local indigenous building material use within the building industry of Nigeria.

Therefore, these local building materials include, but are not limited to, the following:

3.3.1 Sand

Sand is a naturally occurring granular material of finely separated rock and mineral
particles (Adebakin et al., 2012). However, sand as a natural material can be utilized for
various purposes, especially within the building industries around the world. In Nigeria,
for instance, the general application of sand - in regards to buildings - is mostly towards
the production of sandcrete blocks and other concrete mixtures. Sandcrete block is
widely used for house buildings in many African countries (Anosike and Oyebade,
2012; Abdullahi, 2005). According to Baiden and Tuuli (2004), more than 85% of
Nigerian buildings use them. Sandcrete blocks are a mixture of natural sand, binder and
water (Oyekan and Kamiyo, 2011). In Nigeria, the majority of builders use cement as a
binder. Out of all the materials used for the production of sandcrete blocks, cement is
the most expensive. Thus, the utilization of cement for a sandcrete block mixture and
binder makes the block more expensive and beyond the reach of low-income earners
(Adebakin er al., 2012; Hornbostel 1991).

The producers of blocks within the Nigerian building industry use a low amount of
Ordinary Portland Cement (OPC) content to produce affordable blocks for the people
(Oyetola and Abdullahi, 2006). This also means good business for the producers of
blocks. Because of compromises in its quality and standard, the moulders will be able to
produce 45 to 50 blocks with one bag of 50 kg cement; while according to the standard
mix ratio 1:3, only 25 blocks should be produced. However, the quality of blocks
produced differs from one industry to the other because of the production methods
employed as well as the properties of constituents used in production (Abdullahi 2005).

This lack of quality control has today become an anomaly in the Nigerian building
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industry. The improper mixture of block constituents affects the durability of the blocks

by forming cracks on the walls after construction (Oyetola and Abdullahi, 2006).
Sometimes it even leads to building collapses, destruction of properties, economic loss
and loss of lives. Therefore, there is a need for an alternative, cheaper local material to
serve as a binder to improve the production of sandcrete blocks with the aim of creating
low-cost house buildings. These will enhance the production of sandcrete blocks for low
cost housing and reduce overall costs (Adebakin et al., 2012). According to Oyekan and
Kamiyo (2011), “availability of an alternative to these materials for construction is very
desirable in both the short and long terms as a stimulant for socioeconomic

development.”

Several professionals within Nigeria’s building industry have experimented with trying
to find a cheaper replacement for cement. The Nigerian Building Road and Research
Institute (NBRRI), for example, have stressed the importance of developing viable and
suitable local building materials that are readily available at little or no cost (Nnamdi
2011). Some of these include; rice husk, saw dust, coconut fibre, palm kernel fiber,
marble dust and stone dust (Nnamdi 2011). These are all agro industrial waste and
mineral deposits that have the potential to be utilized as cement. However, Oyetola and
Abdullahi (2006) stated that the use of agricultural waste as a stabilizer has not been
given the required attention within the Nigerian building industry. The one most
commonly experimented on is rice husk as it is readily available in almost all parts of
Nigeria (Nnamdi 2011). Oyetola and Abdullahi (2006) noted that the utilization of rice
husk ash as a binder or a fractional replacement for cement would aid in the production

of cheaper blocks for low-cost house buildings.

3.3.2 Rice Husk

Rice husk residue is used as fuel in some parts of the country and considered a waste in
other areas because of disposal problems (Oyekan and Kamiyo, 2011). However, when
the residue is utilized in an environmentally friendly way, it can be quite useful. For
example, rice husk can be used in the making of cement blocks as, when burnt under a
controlled location, its ash could be used as a replacement for Portland cement
(Rodriguez et al., 2008). The rice husk ash obtained from charcoal, Pozzolanic, is
suitable for block constituent (Oyetola and Abdullahi, 2006). A study conducted at the
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Federal University of Technology, Minna, on the utilization of rice husk ash for low-
cost sandcrete block production also shows its suitability for block making (Oyetola and
Abdullahi 2006). This is undeniably a great development within the building industry

considering the increasing inflation in building materials and house prices in Nigeria.

3.3.3 Sandcrete Blocks

Sandcrete blocks come in different sizes and shapes, but the most commonly ones
utilized within the building industry of Nigeria are the ones shown in Table 3.1.
According to Anosike and Oyebade (2012), The Nigerian Standard (NIS) specified two
types of block; the load bearing and non-load bearing and those blocks that can be either
hollow or solid (see Table 1 for the (NIS) approved sizes). Blocks can be produced

onsite or off-site. They can be prefabricated or fabricated on site.

Table 3.1: Nigerian building standard specifications of solid and hollow blocks

The Nigerian Standard Types of Sandcrete Block Specifications

Solid block for non-load bearing and partition wall | 450*225*100mm

Hollow block for non-load bearing and partition

wall 450*225*113mm
450*225*150mm or
Hollow block for load bearing wall 450*225*%225mm

Other types of sandcrete blocks include ventilating and decorating blocks used for non-

load bearing wall construction (Anosike and Oyebade, 2012).

3.3.4 Interlocking Block

The development of interlocking blocks for affordable house buildings in Nigeria has a
lot of advantages when compared to conventional types (Adedeji, 2011). Adedeji (2008)
stated that some of the benefits of using interlocking blocks are; they are easy to
assemble, environmentally friendly, cost efficient, do not require high skilled labour,
create minimal onsite waste and take less time. Adedeji (2008) further noted that
interlocking blocks produced with laterite soil are; fire resistance, sustainable,

bulletproof, have incomparable aesthetics and are low maintenance. Interlocking blocks
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are a typical example of prefabricated blocks highly appreciated and utilized in Nigeria.

Interlocking blocks use mortarless masonry methods of block production. They are easy
to handle and yet multipurpose blocks made from either using concrete mix or cement
and sand alone (Adedeji, 2012; Adedeji and Fa, 2012). There are different types of
interlocking blocks used in regards to Nigeria’s building industry. Sparlock system,
Meccano system, Sparfil system, Haener system, and solid interlocking blocks (SIB) or
Hydraform blocks, which are an improvement over the traditional adobe bricks (Anand
and Ramamurthy, 2003).

The increase in the cost of constituents (cement) may possibly have contributed to the
housing paucity in both the rural and urban parts of Nigeria. There is no doubt that
sandcrete and interlocking blocks have a high potential towards affordable housing
delivery in Nigeria, but their greatest weakness would be the use of cement as a binder.
However, if a good replacement for sandcrete blocks binder (such as rice husk ash) is
properly researched, there is no doubt that sand, as a building material, would have a

greater potential for low cost housing delivery in the country.

3.3.5 Bamboo

Bamboo is a name used to describe a giant species of grass (ranging from 10 cm to 40
metres in height) that mainly grows in the tropical regions (Scurlock et al., 2000).
According to Lugt et al. (2006), bamboo has an efficient natural structural design
because of the hollowness and fibers in its longitudinal direction. Bamboo has many
opportunities and benefits such as; high flexibility, low weight, durability, low cost,
easy assembly and a quick growing rate (Lugt e al., 2006). Bamboo can be utilized for
so many applications ranging from fuel, pulp and paper, building material, tools etc.
(Ogunjinmi et al., 2009). Bamboo can be used for almost every section of a building

(from roofing to flooring).

In the majority of Africa, Asia and South America, bamboo components are utilized for
house building due to its sustainability and feasibility (Leake ef al., 2010). It is a cheap
local building material (Ukoba ef al., 2011). Leak et al. (2010) stated that due to the
economic consideration and the material properties of bamboo, the material is suitable

for the implementation of low cost building in developing countries. According to
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Dannenmann et al., (2007) experience from Asian countries reveals that bamboo may
be useful as sustainable and valuable natural resources. Some people regard it as a poor

man’s timber (Salam 2008).

There are indigenous species of bamboo in Nigeria and many other African countries
(Ogunjinmi ef al., 2009). As a building component, it is mostly utilized in the rural
eastern parts of Nigeria (Nwoke and Ugwuishiwu, 2011). However, the utilization and
implementation of bamboo as a building material is very low in Nigeria (Leak et al.,
2010). In order to reduce cost and deliver adequate low cost house buildings, the
utilization of indigenous building materials (particularly bamboo) must be carefully
reconsidered due to its cost saving and sustainable nature. There is no research on the
extent to which bamboo components are used within the Nigerian building industry.
However, the extent of its application within the building industry of Nigeria will be
further assessed during the course of this research. Many countries around the world,
including Nigeria, are facing a dilemma due to the dwindling of natural building
materials usage (Nwoke and Ugwuishiwu, 2011). Therefore, attention must be given to
the enhancement and reconsideration of local building materials in order to achieve the

desired objective of providing affordable housing for all.

3.3.6 Timber

Timber is a great biomass material sourced from trees; it is also an important structural
material that can be utilized for many purposes ranging from medicines, fuels and
building materials (Oruwari et al., 2002). It is a sustainable material that is easy to work
with and one of the oldest building materials. It is of low cost, and can be applied to all
sections of a house (Oruwari ef al., 2002). Its versatility as a building material allows it
to be utilized as finishes, flooring, roofing, internal, external walling etc. According to
Ejiga et al., (2011), it can be used for structural elements such as column, beams,
frames and panels. It has some weaknesses, just like any other building material, but its
strength makes it ideal for usage in many building industries around the world,
particularly Nigeria. Lucas er al., (2006) stated that its strength, renewable nature,
availability, fairly high fatigue resistance, durability, affordability, flexibility, shapes

and colours makes it one of the major structural materials for building within the
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construction industry worldwide. Timber as a building material is efficient in use,

reliable in service and cost effective (Adesogan, 2013).

Therefore, timber is one of the most important building materials utilized within the
building industries, especially in developing countries. Timber is usually available in
most forestry regions and the cost of building materials resourced from the forest is
fairly cheap (Odeyale and Adekunle, 2008). According to Olotuah (2002), when timber
components are used for house buildings over Sandcrete blocks, the savings in cost can
reach up to about 30%. Olotuah (200) further asserted that timber is readily available in
most parts of Nigeria’s regions, especially the southern parts. This further highlights the
reason as to why timber components should be utilized more often towards the delivery

of low cost house buildings in Nigeria.

3.3.7 Granite Stones

Granite stones are usually fragments of mounting broken down into smaller particles of
stones. “The term ‘granite’ includes a range of the deposit itself - such as density,
fracturing/bedding and other types of non-granite dimension stone including planes and
depth-financial considerations...any Feld spathic crystalline rocks or other igneous or
owner’s preference” (Jalil et al., 2014, Pp.1). Granite stones are readily available in
Nigeria (Aigbedion, 2007). They can be broken down into different sizes depending on
their specific usage. Stones are used for almost all sections of a house building
including; roofing, external wall finishes, walls, flooring and block making. There are
various colours of granite components in the building market, including grey, white, red
and pink (Jalil ef al., 2014). Aigbedion (2007) stated that rock has not been given the
appropriate attention in terms of improvement in Nigeria, thus increasing the rate of

imported decorative finished stones in the country.

Therefore, this has further stressed the need for the evaluation, development and
production of rock components in Nigeria for local use. The utilization of stones as
building materials is currently making headway in Nigeria due to its versatility and
availability. These stones are broken down into smaller particles to produce blocks
known as stonecrete blocks. The professionals within the Nigerian building industry

regard it as a suitable substitute for sand. However, it has a similar weakness like that of
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sandcrete because of its dependency on cement as a binder. Nevertheless, other
components mostly produced using this stone extracted in Nigeria include; external wall
finishes and the stone coated roof. Granite stone as a building material has shown some
glimpses of hope toward house building application. However, the issue of affordability
and the extent of its usage in low cost house building is not well understood Therefore,
it will be examined during the course of this study to establish it practical viability and

potential towards low cost house building provisions in Nigeria.

3.3.8 Clay

Clay is a natural fine-grained soil material that, when mixed with water, develops
plasticity (McGraw 1977). Olotuah (2002) stated that clay is a laterite fined grained soil
particle that is less than 0.002mm in size. Therefore, clay can bond together with the
help of water to form building components. Because of its tendency to be applied in
different forms, it makes it a multifaceted building material both academically and
practically (Ojo ef al., 2009). Clay has been a treasure to humanity since the beginning
of mankind (Yar’ adua and Aliyu, 2012). Houses built using clay offers a good thermal
performance. According to Yar’adua and Aliyu (2012), clay is usually cool during the
hot season, and warm during the cold season, but also has a weakness of rendering,

frequently.

However, with the introduction of simple production machineries and modern building
techniques, clay could be efficiently enhanced and utilized in low cost house building.
Clay deposits are available in almost all the regions of the country (Ojo ef al., 2009;
Oruwari ef al., 2002). Oruwari ef al., (2002) stated that clay can be applied in almost all
parts of a building, including; wall making, partition blocks, wall tiles, bricks and
sanitary fittings. According to Olotuah (2002), clay blocks offer a saving of about 30%
compared to sandcrete blocks. Therefore, it would be an ideal building material to
utilize for low cost house building provision in Nigeria.

3.3.9 Earthen Building

Earth, as a natural building material that exists in different compositions, can be
processed in many ways, and is a key source for materials in most countries (Olotuah,
2002). According to Akinkunmi (2012), earth construction is one of the most interesting

environmental impact processes as it incorporates a broad range of materials and
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methods. Olotuah (2002) stated that earth-based buildings in developing countries are

the most economical way of providing house buildings for low-income earners.
Olotuah also noted that the source for the promotion of earth buildings is cost
effectiveness. According to Akinwumi (2014), earth buildings are widely available
locally, environmentally friendly and economically attractive. The most popular types
of earth building construction used in Nigeria include; rammed earth, adobe and
compressed earth bricks (Kabir, 2005).

3.3.9.1 Rammed Earth

Rammed earth involves the compaction of saturated soil between rigid forms to produce
solid massive earth (Nwoke and Ugwushiwu, 2011; Kabir, 2005). Kabir (2005) noted
that the process of rammed earth wall buildings include raising the form and pouring the
earth into it, as well as compacting it using tampers to produce a massive wall. The
foundation must be placed firmly on either stone or concrete just like every earth
building. The soil for rammed earth construction usually consists of a mixture of sand,
clay and gravels. According to Nwoke and Ugwushiwu (2011), the mixture of rammed
earth must include at least 70% sand and gravel and 30% clay. If a wall is not properly
moistened with water, it could lead to a weaker or even fragile wall (Allen and Thallon,

2011). Therefore, it is necessary to ensure that the mixture is exact.

3.3.9.2 Adobe Laterite

Adobe laterite blocks are “air/sun dried bricks from mud composed of inorganic soil
and sand”’ (Kabir, 2005, p.756). According to Nwoke and Ugwuishiwu (2011), the soil
should have a clay content of at least 10%. The blocks/bricks are stacked over one
another and bonded together using a mud mortar or, in some cases, cement. Adobe
laterite can be utilized for dams, roads and houses, and does not require high-energy
demand or cost in the initial construction phase (Yar’adua and Aliyu, 2012). Okunade
(2007) asserted that the utilization of adobe for low cost house buildings had become

even more prominent due to the high cost of cement and other materials.

Laterite as a building material is readily available in Nigeria. It is cheaper to utilize
laterite for brick construction because it requires just a little amount of gypsum or
cement (Taiwo and Adeboye, 2013; Yar’adua and Aliyu, 2012). Because of its cost
effectiveness and availability, it has a high potential to be utilized for affordable low

cost house building provision in Nigeria. Odunjo (2013) states that, people are ready to
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use laterite for house building in Nigeria because the material has high quality, it is cost
effective and readily available. Therefore, adobe could be a suitable solution for
housing the poor. However, the utilization of adobe bricks and blocks for houses has
fallen behind to other modern building materials (Kabir, 2005). According to Yar’adua
and Aliyu (2012), this material is not effectively utilized within the building industry of

Nigeria.

3.3.9.3 Compressed Earth Blocks

Compressed earth block is the combination of modern and local, traditional processes of
brick making. The earth is poured into moulds before it is manually or mechanically
compressed using hydraform machine (Nwoke and Ugwushiwu, 2011). This process
involves the mixture of sbil, gravel and clay, but appears to be more durable and
weather resistant than the adobe earthen construction (Kabir, 2005). It was Kabir’s
opinion that the compressed earth block or bricks were better than all the other methods
of earthen construction because they ensure a durable building that has all the positive

qualities of earthen construction with minimal disadvantages.

The current application of compressed earth towards the provision of low cost housing
in urban Nigeria today is through the production of hydraform blocks or bricks.
According to Adedeji (2011), the major advantages of the hydraform block is its
excellent thermal capacity as it is three times more efficient than concrete and about two
times more efficient than fired clay bricks (in terms of thermal insulation). Hydraform,
brick and block, conforms to sustainability, quality, ease of use and cost effectiveness
according to the Nigerian Building Road and Research Institute (NBRRI). According to
a study conducted by Adedeji (2011), hydraform interlocking blocks offer cost savings
of more than 50% compared to the conventional cement interlocking blocks. Therefore,
if hydraform is applied efficiently, it could be a viable option towards overcoming the
low cost housing problems in the country. Since earthen building material offers a great
potential towards low cost housing delivery, there is the need to enhance the material

and its building techniques for the sake of poor Nigerians.

3.3.9 Conclusion

There is no doubt that Nigeria has different types of local indigenous building materials

that are readily available. These materials have the potential to be adopted towards an
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effective delivery of low cost house buildings in the country. However, the influx of
foreign building materials and methods of construction have affected the amount of
locally sourced building materials used in the country. These factors have today
jeopardized the augmentation and the acquisition of local technological capabilities and

contributed to the rise in housing and building material prices in Nigeria.

In order to re-establish Nigeria’s building identity and find an effective way of
delivering affordable housing using local building materials, a robust and assertive plan
must be put in place. The first step to achieving this policy is to reduce and regulate the
importation of building materials into the country. Secondly, the Nigerian government
must provide an enabling environment to access the locally sourced building materials
easily and at a cheap rate. The Government and the experts of Nigeria’s building
industry must come together to find a feasible way to improve the standard of local
building materials and promote their use in the country. Lastly, the Nigerian building
industry must adopt the production of modern construction techniques using the local
indigenous building materials to provide low cost house building, as seen in countries
such as Japan, Finland and Norway (Smith, 2009). The above steps may definitely make
an impact to the economic and social problems confronting the low cost housing
provision and would improve the utilization of local building materials within the

building industry of Nigeria in the near future.

The next chapter will be to examine the level of prefabricated techniques of
construction application within the Nigerian building industry and other building
industries around the world, and look at how Nigeria could improve the successful

application of the technique from foreign building industries.
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CHAPTER FOUR

OFFSITE PREFABRICATION TECHNIQUES OF
CONSTRUCTION IN NIGERIA

4.1 Introduction

The building sector of Nigeria is one of the most important in the country (Adedeji and
Ajayi, 2008). The building and construction sector recorded a 12.9% growth rate in
2010 compared t0o11.9% in 2009, reflecting greater investments in the building and
construction sector (Isa et al., 2013). The sectors share of GDP has improved 2.86% to
3.22% in recent years (Isa et al., 2013). However, as already discussed Nigeria faces
severe challenges in both quantity and quality of housing delivery. In addition, concerns
about construction practices within the environment and local society is starting to make
stakeholders and clients take into account the sustainable effects of how houses are
being built and maintained. Aside from the shortage of housing units, the conventional
method of house building using wet masonry is plagued with waste problems and other
disadvantages, which can be overcome or avoided using modern techniques of
construction. Adedeji (2011) stated that a more coherent building process could be
created and implemented if there was a focus on cutting down construction cost, labour

and reducing the amount of construction time.

Conversely, there has been increased interest in the use of modern techniques of
construction among some experts in the Nigerian building industry. The modern
techniques of construction have so many benefits, which is why many clients and
stakeholders use them. However, there are still factors that prevent the diffusion and
utilization of prefabrication techniques of construction in most developed and
developing countries, despite examples from other countries (such as Japan, Sweden,

Malaysia, Finland, the USA and the UK)) proving their practical viability (Smith, 2009).

This chapter mainly consists of three sections. The first section seeks to examine offsite
prefabrication techniques of construction in general, including their benefits and barriers
compared to traditional or conventional methods. The second investigates the level of
prefabrication techniques of construction application in building industries around the

world. In particular, the study will look at how other countries successfully studied and
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applied these techniques of building construction to bolster and improve their own
building systems to a more economically and commercially recognized level. The third
section seeks to thoroughly examine the level of prefabrication techniques of
construction application within the building industry of Nigeria, the types of
prefabrication techniques used and the case studies of prefabricated construction

techniques.

4.2 Offsite Prefabrication Methods of Construction

Many diverse terms are used to describe industrialized and prefabrication construction
methods. Prefabrication, Offsite Manufacturing (OSM), Offsite Construction (OSC),
Offsite Production (OSP) and Modern Method of Construction (MMC) are all such
terms used in literature (Arif and Egbu, 2010). According to Kamar (2011), the term
Industrialized Building System (IBS) is similarly used with other terms. Irrespective of
usage, the ideology of the term is the same when referred to the production of
components for the construction of buildings in a factory rather than onsite (Goodier
and Gibb, 2006). The other terms used to describe industrialized construction are
Prefabrication and Offsite Construction. While all Offsite Manufacturing are Modern
Methods of Construction, not all Modern Methods of Construction are Offsite
Manufacturing (Burwood et al., 2005). Modern Method of Construction (MMC) is a
term used in the United Kingdom as a cooperative explanation for both offsite based
construction technologies and innovative onsite technologies (Kamar, 2011). MMC
includes both industrialized and non-industrialized innovation. Some prefabricated

components are produced onsite (onsite fabrication) (Kamar, 2011).

Prefabrication is a term used to describe the construction of buildings or building
components at a location, usually a factory, remote from the building site (Emmitt and
Gorse, 2006). Offsite production is another term used to describe the production of
prefabricated buildings. Emmitt and Gorse further stated that this method of
construction enables a high level of accuracy and quality control of the building
elements, which are then transported to the site within a precise timetable and erected
into position in a perfectly defined order. Typically prefabrication techniques of
construction involve the production of house building components in a particularly

designed factory. Research observed that offsite construction techniques could be either
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product or process based. Thus, whether offsite construction techniques are considered

products, processes or systems deeply depends on context. In general, reviews on offsite
construction techniques classifies them into two categories; offsite prefabrication as a
method, approach and process, and offsite prefabrication as a product, system and

technology (Kamar, 2011; Warszawski, 1999; Sarja, 1998).

The Industrial Building System (IBS) is unambiguously defined from two perspectives;
systems or processes (Nawi ef al., 2011). However, the most common definitions

widely used in literature include:

Parid (1997) defined the Industrial Building Scheme as a system that utilizes
industrialized techniques of construction in the assembly of building or the production
of components. Similarly, Trikha (1999) described IBS as a system in which building
material components are manufactured in factories or building sites before being erected

to create buildings under strict quality controls.

Warszawski (1999, p.6) stated that an industrialization process is “an investment in
equipment, facilities and technology with the aim of increasing production output,
improving quality and reducing labour resources." Rahman and Omar (2006) defined
Industrialized Building System as a method of construction that utilizes pre-fabricated
building or building material components. Machines and other kinds of mechanical
equipment systematically create the latter. Hassim et al., (2009, p.937) defined the
Industrialized Building System as “an organizational process-continuity of production
implying a steady flow of demand, standardization, integration of the whole production

process, a high degree of organization of work, mechanization to replace human labour

wherever possible."

In the interpretation of construction, CIB (2010) described industrialized techniques of
construction as a general process of rationalization and improvement of the work
exercises in the industry to attain affordability, greater productivity and quality. Haron
et al. (2005) and Marsono et al., (2006) further described the Industrialized Building
System as a new method of construction that can improve the productivity and quality
of work via the use of enriched construction machineries, materials, equipment and

extensive project planning. Furthermore, Badir et al., (2002) defined the Industrialized
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Building System as the utilization of new techniques of construction and factory made

building components for adequate mass building production.

4.3 Forms of Offsite Construction Methods

Offsite construction techniques are categorized into different forms. The most

recognized forms include; Volumetric, Panelize, Hybrid and Offsite Pre-assembly.

4.3.1 Volumetric Construction

This method of construction usually involves the construction of three-dimensional
structures that are manufactured off site before being transported for assembly (Kamar,
2011; Lawson and Ogden, 2010; MMC, 2006; Ross 2005). It comprises of units that
form a building or part of a building (Gibb, 1999). This system is also known as
modular construction (Kamar, 2011; Burwood ef al., 2005). The volumetric systems for
kitchens and bathrooms are known as “pods” (Burwood ef al., 2005; Ely 2005; National
Audit Office, 2005; Ross, 2005; POST, 2003). About 90% of volumetric components
are completed in the factory (Burwood et al., 2005). The units can provide complete
house buildings or rooms or can be connected together to make large offices, house

buildings and rooms (Emmitt and Gorse, 2006).

Lawson and Ogden (2010) stated that in modular construction there are load bearing
modules in which loads are transferred through the sidewalls, and corner supported
modules through which loads are transferred via edge beams to corner. Lawson and
Ogden further noted that the corners of the modules are tied so that, structurally, they
can act together to transfer wind loads and make provisions for other load paths in case
one of the modules gets damaged. According to Windapo and Balogun (2009), the units
can be made from a variety of materials, but the most commonly used materials are

framed structures in timber or light gauge steel (Windapo and Balogun, 2009).

Volumetric is mainly made in three forms (Ross ef al., 2006), and they are, as follows:
1. Timber frames
2. Concrete frames

3. Light steel frames
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4.3.1.1 Timber Frames

Timber frames are one of the most general types of construction. These types of
modules use timber frames as structural support. The whole module is assembled using
different timber fittings. Timber frames are usually lightweight and considerably strong
when designed properly, and the slabs and roofs of timber frame houses help gain
overall stability of the structure at intermediate levels. All timber frame services are

usually installed in a factory according to the required specifications and standards.

Main Characteristics of Timber Frames: (Timber Frame Association, 2008).

e Timber frames offer a better quality of sound insulation when compared to other

materials.
e Timber frames can be reusable and timber is a sustainable material.
e Timber frames have a high efficiency of thermal insulation.
e Timber framed structures are good in holding self-weight during fire accidents.
e Timber frames are good in minimizing noises.

e Timber frames are the most- eco-friendly technique of construction.

4.3.1.2 Concrete Frame

Concrete frames play a crucial role within the building and construction industry in the
development of offsite prefabrication techniques of construction. The modules are
produced in a factory and delivered to site according to the client’s specifications and

standards (Concrete Centre, 2008).

Main Characteristics of Concrete Frames: (British Precast, 2006).

e Concrete frame production is carried out offsite, therefore, it cannot be delayed

due to weather conditions.
e Concrete frames offer a higher quality finish both internally and externally.
e Concrete frame units support the reduction of energy consumption in buildings.
e Concrete frames have a huge resistance to fire and climate change.

e Concrete frame units can be easily assimilated with existing buildings.

4.3.1.3 Light Steel Frames

Volumetric light steel frames are prefabricated tested and assembled in a controlled

factory before they are transported to site; the frames are usually made from lightweight
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galvanized steel. The components are then connected together to form structural frames

of units (Corus Construction, 2008).

Main Characteristics of Light Steel Frames: (MBS, 2005)

e Light steel galvanized frames have a higher resistance against corrosion and
rust.

e A light steel frame can be reused or recycled even after its life cycle.

e Light steel frames can reduce the foundation requirements of the building due to
its lightweight.

e Light steel frame modules have high acoustic requirements due to their physical
properties.

e Light steel frames can offer a variety of internal and external finishes due to

their flexibility.

4.3.2 Panelized Construction
Panelized construction is the process by which flat panels are produced in a factory
before being brought to site and assembled to produce a three dimensional structure
(Kamar, 2011; Emmitt and Gorse, 2006). Panelized forms of offsite construction
techniques are usually comprised of factory built elements instead of complete modules
(MMC, 2008). In most cases, panelized walls are prefabricated factory built
components. Thus, panels can be made from various materials that include; concrete,
timber, aluminium, veneer glass, polystyrene, composite materials and acrylics (Adedeji
and Ajayi, 2008). Some panels do come with full plumbing and wiring inside them,
making construction even quicker (POST, 2003). Panelized methods of construction
include;

1. Open panels
Closed panels
Composite panels
Infill panels
Concrete panels

Curtain wall panels

N R W

Structural insulated panels
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4.3.2.1 Open Panels
Open panels are skeletal structures only. In an open panel system, structural

components are taken to a site where the rest of the work is completed (Burwood et al.,
2005; National Audit Office, 2005). These panels can be delivered in the form of load

bearing or non-load bearing components depending on the client’s requirements
(NCEH, 2006).

4.3.2.2 Closed Panels

Closed panels: these panelized construction methods include services such as windows,
doors, decorative finishes, internal decoration and external insulation (MMC, 2006;
Burwood ef al., 2005; National Audit Office, 2005).

4.3.2.3 Composite Panels
Composite panels: these panels are insulated and finished in controlled, industrialized
conditions and are usually left for doors and windows in the prefabrication stage

(Energy Saving Trust, 2005).

4.3.2.4 Infill Panels
Infill Panels: these panels are integrated with structural frames because they are
categorized as non-load bearing. The structural components can be applied with

masonry for installation (Ross ef al., 2006).

4.3.2.5 Concrete Panels

Concrete panels: These panels mainly consist of prefabricated floor and walls made in a
factory before been transported to site for assembly. The panels are mostly used for
satisfying the purpose of structural load bearing components and they come in different

shapes and sizes with better strength (Energy Saving Trust, 2005).

4.3.2.6 Curtain Wall Panels
Curtain wall panels: these types of panels are mainly manufactured for external facade.
The panel is designed to withstand its own load, as well as the atmospheric load

imposed on it.

4.3.2.7 Structural Insulated Panels
Structural insulated panels: these types of panels are well known for their building

strength and quality. The panels are made up of structural boards and foam layers.
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4.3.3 Hybrid Construction

The hybrid method of construction is a combination of both the volumetric and
panelized approach (Burwood ef al., 2005; National Audit Office, 2005). Highly
serviced areas such as kitchens, toilets and bathrooms are fully completed in a factory
before been delivered to assemble onsite. This system enables the combination of
panelised and volumetric systems, with the latter commonly used in kitchens,
bathrooms and other highly serviced places (Kamar, 2011; Burwood et al., 2005; Ely
2005; National Audit Office, 2005; Ross, 2005).

4.3.4 Offsite Pre-assembly

Offsite pre-assembly is described as the manufacture and assembly of buildings or parts
of a construction ahead of the time that they would traditionally be constructed onsite
(Constructing Excellence, 2004, p.2). Common examples of pre-assembly methods are

roof trusses and platforms. However, there are different types of pre assembly (CIDB,
2003).

4.3.4.1 Preassembled Components and Sub-assemblies

This pre-assembly method includes components such as doors or windows that are
usually fitted into other modules on the construction site, and may or may not contain

their own sub-assemblies (Constructing Excellence, 2004).

4.3.4.2 Non-volumetric Pre-assembly

“This pre-assembly is all preassembled, but non-volumetric, in that they do not enfold
serviceable space and they are also items that the project team must choose to
preassemble in preference to in situ construction” (Constructing Excellence, 2004, p-2).
Elements usually comprise of structural steelwork, trusses, cladding panels and precast

concrete bridge (Constructing Excellence, 2004).

4.3.4.3 Sub-assemblies and Components

Sub-assemblies and components are mostly factory made roof cassettes or floors, as
well as components such as precast foundations (National Audit Office, 2005; Ross,
2005).
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4.4 Major Issues with Offsite Prefabrication

There are many benefits in the utilization of offsite prefabricated construction
techniques. The most widely emphasized benefits for the use of this method include; the
speeding up of the construction process, the integration of sustainability strategies,
reduction of wastages during construction, quality, environmental and government
initiatives, reducing housing shortages, overcoming skill shortages and the
minimization of hazards and risks (Hassim et al., 2009; Kamar et al., 2009; Windapo
and Balogun, 2009 Nawi ef al., 2007a; Gaze et al., 2007; Alinaitwe et al., 2006; Nawi
et al., 2005; Shaari and Ismail, 2003; Thanoon et al., 2003b). However, there are issues
affecting the wider diffusion and use within the construction industries around the
world. The issues include: the cost of offsite prefabrication methods of construction,
public acceptance, its environmental and social benefits, the quality of such housing and
production capacity. The most common reasons for and against the use of offsite

prefabrication techniques are discussed below.

4.4.1 Cost

Offsite construction techniques can offer benefits such as lower costs (Mullens and Arif,
2006). Numerous house builders argue that the offsite prefabrication construction
method is cheaper than traditional construction methods whereas, others still argue that
it is more expensive than the traditional methods of construction (Constructing
Excellence, 2004; Bell, 2010). Gaze et al., (2007) asserted that offsite techniques of
construction are perceived as being more expensive than traditional methods. Alinaitwe
et al., (2006) stated that the cost of prefabricated construction techniques, the possibility
of damage during transportation and the cost of equipment are usually high in the
beginning. Other industry sources showed an increased cost of about 9% when
compared to tradition methods (POST, 2003). Thus, the building materials being used
could also determine the overall cost of prefabricated techniques of construction.
However, Alinaitwe et al., (2006) stated that strategies such as industrialization would
reduce the cost of construction by 30% while increasing productivity. Therefore, the
issue of cost of prefabrication techniques might vary from one country to the other or
from one region of the country to the other depending on the environment and building

materials used to produce the components.
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4.4.2 Time Savings

Experience shows that using offsite techniques of construction can save a considerable
amount of time. According to the case study of Murray Grove in Hackney; volumetric
units of about 30 flats were brought to the site and assembled in just 10 days, saving
about 18 weeks of construction time (Gorgolewski, 2003). Faster construction could be
hugely beneficial to the builders, as well as for the housing associations who will be
able to let out buildings earlier (Gorgolewski, 2003). However, it is not so easy to
respond to fluctuating demands whilst using offsite construction techniques because the
majority of factory overhead costs are fixed irrespective of output. In comparison to
traditional methods of construction, costs are incurred only if the building is taking
place (POST, 2003). However, the National Audit Office (NAO, 2005) reported that, as
the market matured, the cost of building components could be reduced by almost 15%,
which would reduce the gap in costs between prefabrication and the traditional methods

of construction.

4.4.3 Reduced Local Impacts

Public disturbance such as noise, dust and vehicle movement could be minimized where
offsite prefabricated techniques are utilized (OCB, 2009). Site deliveries and traffic due
to construction activities are reduced by up to 70% compared to the tradition methods
(Lawson and Ogden, 2010). Prefabricated components are produced in a factory,
usually at a remote location, which reduces the amount of time spent on site and many

other negative impacts.

4.4.4 Quality

According to Gorgolewski (2003), it is easier to set up quality control measures in a
factory while prototyping, testing and inspecting the components systematically.
Gorgolewski further added that manufacturing in a factory provides much better and
safer working conditions than at a building site. 80% of prefabricated construction is
done in a factory, which will help the building components to remain dry during
assembly while the workflow will be steady and easier to control in order to reach a
specific quality standard (Emmitt and Gorse, 2006). Therefore, the utilization of offsite
prefabrication can reduce defects in buildings because there is less risk of weather

damage during construction, and materials can be more simply standardized and tested
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(POST, 2003; Constructing Excellence, 2004). According to Gorgolewski (2003), the

exposure of building components to rain, snow, wind and mud are not beneficial to

achieving quality buildings (Gorgolewski, 2003).

4.4.5 Waste

The quantity of waste produced using offsite construction techniques is likely to be
reduced because factory components can be ordered to exact specifications, and there is
less risk of onsite wastage (Hashemi, 2006; Constructing Excellence, 2004; POST,
2003). According to Gorgolewski (2003), almost 13% of materials delivered to site are
never used but go straight into the waste stream. Materials can be used more
resourcefully and a precise amount of material components can be ordered using offsite
construction techniques (Gorgolewski, 2003). Therefore, prefabricated building sites
have been well known to look tidier and more organized compared to the wet and dirty
traditional construction method sites (Abdullah and Egbu, 2010). Assembly of
prefabricated components onsite should produce little waste because the components

come to the site pre-engineered before being assembled together (Bing et al., 2001).

4.4.6 Deliveries and Transportation

In general, offsite construction techniques led to a reduction in the number of deliveries
in comparison to traditional construction methods (Gorgolewski, 2003). Little
comprehensive analysis has been conducted to date on the advantages of transportation,
although they are likely to vary significantly subject to the distance between the
building site and the factory (Hashemi, 2006; POST, 2003). According to Gorgolewski
(2003), recent monitoring of a volumetric site suggested that deliveries were reduced by
up to 90% for a volumetric building compared to the similar traditional method of
buildings nearby. The components are designed to keep in mind the size of the trucks

for loading as well as the transportation (Lukiantchuki ef al., 2010).

4.4.7 Health and Safety

On-site building or construction work can be a dangerous activity that could lead to a
large number of casualties and even fatalities. More demanding health and safety
requirements within the building industry is pushing many builders to consider other

ways of working, including offsite construction techniques (Gorgolewski, 2003).
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Gorgolewski further added that offsite construction techniques could improve safety
because there is a decreased risk of accidents in a controlled factory environment as less

time is spent on the construction site.

Abdullah and Egbu (2010) stated that in off-site prefabrication construction techniques,
the transportation and delivery of components issues are related to safety issues, such as
traffic regulations, route planning and logistics. However, the health and safety
executives, who control and regulate construction safety, are highly encouraging the
utilization of offsite construction methods (Hashemi, 2006; POST, 2003). The reduction
of accidents within the construction environment is vital to a successful construction
project. Thus, prefabricated building techniques can be utilized to ensure risks are

reduced in the building site to a minimum.

4.4.8 Skills and Labor

Prefabricated construction techniques have reduced the amount of labour required
onsite (Thanoon et al., 2003a). Heavy lifting can be minimized and difficult tasks can
be done by machinery instead (Emmitt and Gorse, 2006). However, the reduction in site
labour is sometimes criticized as unemployment within the building sector. According
to Fawcett ef al. (2005), the utilization of prefabricated construction techniques can
halve the amount of time it usually takes to build using onsite methods of construction,

making it possible to do four times as much building using the same onsite labour.

4.4.9 Better Environmental Performance of the Final Product

Prefabricated construction methods improve control over environmental issues that are
usually faced by traditional methods of construction (Abdullah and Egbu, 2010). Pan et
al. (2007) suggested that the use of offsite construction methods could provide the drive
for increasing the environmental performance during the lifespan. Therefore, factory
production may permit workers to be better trained and managed on the utilization and
operation of offsite prefabricated techniques, as well as allowing systematic
examination and testing of performance. Moreover, since manufacturers will be
fabricating larger numbers of their products for a range of sites, they can take time to
select environmental, friendlier materials for the production of components

(Gorgolewski, 2003).




4.5 Barriers

Efforts made by the Government, house builders and experts within the building
industries around the world, especially those in developing countries, to promote the
utilization and diffusion of offsite construction techniques as an alternative to the
traditional and labour-intensive construction methods, have not been progressing as
anticipated even though they offer so many benefits. In an attempt to understand why
diffusion and utilization of offsite prefabrication failed in some countries, researchers
have investigated and identified a number of negative factors that affect the utilization
and diffusion of prefabricated construction techniques. The common barriers associated
with offsite methods of construction include; lack of knowledge and awareness,
planning, complexity, public perception and durability (Kamar ef al., 2009; Hamid et
al., 2008; Thanoon ef al., 2003a; Hussein, 2007; Nawi et al., 2007a; Nawi ef al., 2007b;
Nawi, et al., 2005).

4.5.1 Planning

Prefabricated construction methods require more clear structure of planning processes
and control from inception to completion of the project in order to reach the goals and
reduce defects and errors (Gibb, 2001; Warszawski, 1999). According to Emmitt and
Gorse (2006), the problem of town planning could hinder the utilization and diffusion of
offsite construction techniques. Emmitt and Gorse articulated further that the techniques
of offsite prefabrication might not be suitable for some sites. According to Gaze et al.,
(2007), the limitation of planning on prefabricated construction techniques may be
perceived rather than actual. The whole project is planned in such a way that as soon as
the components are manufactured, it is possible to transport them to the construction
site for assembly (Hamzah et al., 2010). Due to the negative perception of some that all
prefabricated buildings are identical, planners are keen to make sure that all

neighbourhoods do not look the same (Gaze ef al., 2007).

4.5.2 Durability

Prefabricated construction techniques have a lower lifespan and durability compared to

tradition methods of construction (Emmitt and Gorse, 2006). Therefore, the problem of
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durability can be a negative factor towards the adoption of prefabricated techniques of

construction.

4.5.3 Failure of Joints

Prefabricated sections may sometimes need attention in regards to the strength and
corrosion of the joining sections to avoid failure. Consequently, leaks can also form in
the joints of prefabricated components (N Tech, 2010; Qays ef al., 2010). Therefore, the

Joint needs to be properly fixed and designed to precise specifications to avoid any post-

construction problems.

4.5.4 Site and Transportation Constraints

There is a limit to the weight and size of prefabricated materials transported to site. In
the United Kingdom, for instance, the maximum allowed is 2.9m width and 4.5m
height, but the width can be increased to 4.3m with a permit from the police (SCI,
2001). Some construction sites have a problem with clear and safe access points that
would make craning or transportation of large building components problematic or
impossible (Emmitt and Gorse, 2006). Some sites, due to physical access limitations,
could be considered too small to accommodate larger sections of prefabricated

components (Gaze et al., 2007).

4.5.5 Lack of Awareness and Knowledge

Abdullah and Egbu (2010) stated that the issues of awareness, knowledge,
understanding and work culture have been among the major barriers for the adoption of
prefabricated construction techniques. Therefore, a lack of knowledge of prefabricated
construction may have attributed to the misinterpretation and misunderstanding of
offsite prefabricated construction techniques (Hamzah ef al., 2010). Lack of knowledge
and awareness of prefabricated techniques of construction among the clients could also

affect diffusion and utilization within the building industries.

4.5.6 Public Attitudes

There are industry concerns about the public attitude to offsite-prefabricated house
buildings. A study of offsite prefabrication manufacturers identified a lack of market

demand and public perception as the two most important limitations to the diffusion of
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prefabricated techniques of construction (Pan ef al., 2007; POST, 2003). According to

Bell (2010), the lack of effective diffusion of prefabricated construction techniques has
led to widespread misunderstandings within the building industry and the general public
at large. There are concerns that if more innovative offsite prefabricated building
techniques are used exclusively for social housing, the design characteristic may mean
that residents are stigmatized (Hashemi, 2006; POST, 2003). Hamzah et al., (2010)
stated that prefabricated buildings are linked with drawbacks such as leakages and
horrible architectural appearances. Gaze et al. (2007) stated that the adoption of offsite

construction techniques require a shift towards the attitude of the adopters.

4.6 Development of Offsite Construction Techniques in the Developed

and Developing Countries

4.6.1 United Kingdom

The UK government suggested that 4 million additional new dwellings would be
needed over the next two and half decades (Gorgolewski, 2003). The National House
Building Council estimated that about 10% of new UK homes are built using timber
frames that are equivalent to about 25,000 offsite-prefabricated homes per year.
Therefore, from the experience of the UK, offsite construction methods are used in
search for more technically proficient buildings (Smith, 2009). According to POST
(2003), a quarter of new publicly funded social house buildings must use the offsite
construction techniques. The Government believes offsite construction techniques have

economic, social and environmental benefits (POST, 2003).

There are organizations that are actively promoting the uptake of prefabrication in the
United Kingdom. According to Bell (2010), Build Offsite is an organization that
promotes the diffusion of offsite construction techniques in the United Kingdom. Bell
further asserted that the organization comprises of the alliance of clients, designers,
developers, manufacturers, contractors, suppliers, government and research, and part of
its objective is to make a change in the application of offsite construction usage and to
increase the utilization of offsite prefabrication techniques. Other organizations

involved in promoting offsite techniques of construction in the country include

Constructing Excellence UK.
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4.6.2 United States

Offsite prefabrication construction techniques have been making headway in the United
States. Thanoon et al. (2003a) stated that, in 1999, the prefabricated house buildings had
gained a large market share with about 30% using this construction process. Most of the
low-rise houses make use of timber frames and concrete precast systems; mostly in the
areas that are liable for environmental hazards such as tornados and hurricanes.
Therefore, the United States dominates about 26% of the global prefabricated housing
market (Smith, 2009).

Similar to the United Kingdom, there are a number of organizations that promote the
uptake of offsite construction techniques in the United States. They include; Modular
Building Institute (MBI) and Modular Building Systems Association (MBSA) (Bell,
2010). According to Bell, MBI offers services and promotes proficiency through
communication, recognition and education, while MBSA mostly attempts to increase
the awareness and knowledge of the value of modular construction by builders,
consumers, suppliers, the Government and the public. It also supports policies that
make prefabricated construction techniques available on a cost effective basis. Goulding
et al. (2012) asserted that in order to regulate offsite prefabricated construction
techniques in the United States, a manufactured homes construction and safety act was

introduced in 1976 (also known as the housing and urban development code).

4.6.3 Japan

Smith (2009, p.4) stated that, “The vernacular method of construction in timber post
and beam can be considered one of the earliest preindustrial advances in the principles
of prefabrication.” Smith further asserted that the use of industrialized manufacturing
work in order to produce architecture was not completely realized in Japan until the
post-war era. According to POST (2003), 40% of new house buildings use offsite
construction techniques in the country. If Japan maintains the speed at which offsite
construction techniques have been diffused and utilized, it will go on to become one of
the world’s most successful prefabricated house building industries (Smith, 2009;
POST, 2003). According to Smith (2009, p.6) “Japan is the fastest growing

prefabrication economy." In 2004, one out of every seven new homes in the country

68




was built using off-site construction techniques, and this figure has increased in the past

few years. However, Smith also mentioned that the utilization of offsite construction
techniques in Japan has so far been successful and it is possibly that they will continue

to lead on the prefabrication front.

4.6.4 Scandinavia

In some Scandinavian countries (Finland, Norway, and Sweden), timber has been the
major material used for offsite construction techniques (Smith, 2009). According to
Smith (2009), in 1917, housing shortages increased the need for the utilization of offsite
construction techniques to provide house buildings in Scandinavian countries, and the

system of wood harvesting and production was used to improve the technique at the

time.

However, It was during the early 1950s that the offsite construction techniques were
well enough understood by the Scandinavian building industry as well as society at
large (Thanoon et al., 2003a). Thanoon ef al., (2003a) further noted that this led to
numerous models of new methods of production. By 1980, about 85% of all homes built
in Scandinavia were offsite-prefabricated buildings and, by 1983, 90% of all single-
family houses were produced using offsite construction techniques (Thanoon et al.,
2003a). According to Smith (2009), the building industry market and society decide on

whether offsite construction techniques take hold.

The housing market has become more familiar with offsite-prefabricated methods of
construction in Scandinavia and thus the utilization of offsite construction techniques
continues to grow (Smith, 2009). Smith further asserted that Scandinavia’s populace
perceive offsite construction techniques as a method of providing affordable housing for
all, using local building materials to make the techniques less costly and efficient.
According to Thanoon ef al., (2003a), Swedish manufacturers export houses to Austria,

Holland, West Germany, Denmark, Finland, Switzerland, North Africa and the Middle
East.
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4.6.5 Malaysia
In a developing country like Malaysia, the utilization of offsite construction techniques
has been in existence for over 50 years (Mohamad ef al., 2009; Abdullah, 2010; Nawi ef
al., 2011). However, even though they offer many benefits compared to traditional
methods, the implementation remains slow due to some negative factors that include
cost, awareness and knowledge of the construction technique (Rahman and Omar, 2006;
Kamar ef al., 2009; Mohamad et al., 2009; Qays et al., 2010; Nawi et al., 2011).
However, a study conducted by the Construction Industry Development Board of
Malaysia in 2003 showed that the adoption level of offsite construction methods stands
at only 15% (CIDB, 2003). The Malaysian government was concerned that the uptake
of offsite construction methods was relatively low despite the plausible potential of the
system (Hamid et al., 2008). Thus, in an effort to promote offsite construction methods,
the Malaysian government introduced the exemption of construction tax as an incentive
for contractors that use at least 50% of offsite construction methods in any of their

house building projects in the country (Kamar ef al., 2010).

4.7 Off-site Prefabrication Techniques of House Building in Nigeria

The use of prefabrication construction techniques in Nigeria has been traced back to the
1970s when the new states were created in the country. The demand for house building
created the need for rapid construction methods, and offsite prefabrication techniques of
construction were among the feasible means of achieving the urgent housing demand at
the time. An interview conducted with the General Manager of the Federal Housing
Authority Abuja revealed that majority of the prominent construction companies
(Samuel Arthur Engineering Construction, Roger Reynolds, CIF Construction, etc.)
have used prefabricated techniques of construction to deliver different types of houses,

and most of the prefabricated houses delivered still stand across the country today.

The technology adopted by the prefabrication companies during the seventies in Nigeria
were mostly the sophisticated forms of prefabrication techniques of construction, such
as; concrete panels, concrete frames, reinforced concrete slabs, reinforced concrete
beams and columns and concrete panels for internal and external walls rather than the
prefabricated local building materials. Some examples of the major mass prefabricated

building projects in the past include; the Jakande housing project in Lagos, the FESTAC
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housing projects in Lagos, Malali Kaduna, the first set of houses built after the creation

of Niger State, the Nigerian Liquefied Natural Gas estates in Port Harcourt, the Nigerian
National Petroleum Corporation estates in Kaduna, Worri and Port Harcourt, the
teaching hospital in Kaduna, and the professorial quarters in Ahmadu Bello University
Zaria. Many school buildings were prefabricated under the Universal Primary Education
Scheme in 1976, and many Nigerian university buildings in the early 1970s were
prefabricated. Nevertheless, local building materials were not utilized in the majority of
prefabricated houses built during the 1970s. An interview conducted with the General
Manager of the Federal Housing Authority Abuja reveals that none of these foreign
prefabrication companies operate in Nigeria today. The reasons could be attributed to

the country’s low level of prefabrication markets.

4.8 Classification of Offsite Prefabrication Techniques of Construction
in Nigeria

An interview conducted with the Chief Executive Officer of Mega Project Nigeria

Limited (Former Deputy chairman Nigerian Institute of Architects) revealed that,

Nigeria’s classification of offsite-prefabricated techniques slightly differs. Prefabricated

components are classified into three categories within the building industry of Nigeria.

These categories include; low technology prefabricated components, medium

technology prefabricated components and high technology prefabricated components.

See Table 4.1 for the classifications of prefabricated components in Nigeria.

4.8.1 Low Technology

The low technology prefabricated components are the elements that involve the
minimum technology requirements and low-levels of sophistication to produce the
components. These components are usually not labour intensive compared to medium
and high technology, and they do not require high skills proficiency to produce. The
components labelled as low technology prefabricated products are used by small,
medium and large construction companies in Nigeria. The low technology elements are

readily available, well known and used by local builders

4.8.2 Medium Technology

The medium technology prefabricated components are usually slightly above the low
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technology level of sophistication, but below the high technology. The medium
technology prefabricated components differ in terms of high proficiency requirements
during production and erection onsite. Some require high levels of skill to produce
while others are flexible and straightforward. Some are labour intensive and requires
heavy lifting while others are completely easy to produce and assemble. The medium
technology prefabricated components within the building industry of Nigeria are
associated with building elements such as the panelised forms of prefabricated

techniques

4.8.3 High Technology

The high technology prefabricated components are the most complicated among the
categories of prefabricated elements due to high levels of sophistication and precision
requirement during production and erection These components are mostly produced and
assembled by the big prominent construction companies within the building industry of
Nigeria because of labour intensiveness and heavy lifting requirements during the
erection of the components. The high technology prefabricated components within the
building industry of Nigeria are associated with building elements such as the

volumetric/modular, bathroom or toilet pod systems, also known as container units

Table 4.1: Classification of prefabricated building components within the building
industry of Nigeria

Low Technology Medium Technology High Technology
Interlocking Blocks or Panels Volumetric/Modular, also
bricks Frames called Container Units
Interlocking floor Beams Bathroom or Kitchen
Pre-assembled Door and Steel Gate Pods

Windows Hollow Clay Pot Slab Precast Concrete Slab
Rails (Bamboo, Timber, Universal Beams (I or T) Precast Concrete Beams
Steel and Aluminium) Universal Columns Precast Concrete
Pre-assemble Drainage (Stanchions) Columns

Elements Plate Steel Stairs

Roof Trusses (Bamboo, Wood Stairs

Timber and Steel) Reinforced Concrete Stairs
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Roof Tiles (Stone Coated,
Corrugated, Metro-Step

Tile, Aluminium and Zinc)
Floor Tiles (Stone,
Ceramic and Timber)

Wall Finishes (Granites,
Marbles and Timber)

(Source: Mega project Archives)

4.9 Current Application of Prefabrication Techniques in House
building Provision in Nigeria

The use of prefabrication techniques of construction has dwindled over the past few
decades. However, there are construction companies who are actively promoting the use
of them in Nigeria. According to Opara (2011), in order to keep pace and compete with
other parts of the world towards construction innovation, the Nigerian building industry
is gradually accepting offsite construction methods, especially towards house building
provision. Companies such as CITEC International and Cubic Homes Limited are
among the leaders in promoting offsite prefabrication techniques of construction and
have all been actively utilizing them to build affordable houses in Nigeria. Experts have
urged stakeholders, policy makers and homebuilders within the Nigerian housing sector
to consider using offsite techniques of construction such as modular systems to solve
the housing paucity in the country (Opara, 2011). However, there are constraints to the

utilization and diffusion of prefabricated techniques of construction in Nigeria.

Opara (2011) stated that the prefabricated construction techniques in Nigeria are more
expensive than the conventional building systems. Opara further asserted that the higher
cost of modular techniques of construction is attributed to insufficient factories to
manufacture enough components and a lack of exploitation of locally available building
materials in the country. Most of the prefabricated components used in Nigeria were
imported (Abdulhamid, 2011; Opara, 2011). The higher importation of building
materials and prefabricated components may possibly have had a significant impact on
the cost of these techniques of construction in Nigeria. Virtually all inputs used in the

construction of modern housing units are imported building materials (Kalu e al,
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2014). Local building materials (such as timber and bamboo) are used in countries like
USA, Japan and Scandinavia to provide affordable house buildings (Smith, 2009).
Therefore, the adoption of similar techniques like that of Scandinavian countries (using
local building materials to produce prefabricated components) could be adopted and

applied towards low cost house building provision in Nigeria.

Nevertheless, prefabrication techniques of construction are not being utilized to their
full potential in Nigeria, especially towards the provision of low cost house buildings
(Windapo and Balogun, 2009; Wahab and Lawal, 2011). According to Windapo and
Balogun (2009), negative factors such as high cost, knowledge and awareness are
among the major factors that affect the implementation of off-site prefabricated
construction techniques in Nigeria. According to Kolo er al., (2014), offsite
prefabrication techniques of construction are largely unknown within the building
industry of Nigeria. These negative factors are similar to that of Malaysia (Rahman and
Omar, 2006; Kamar er al., 2009; Mohamad et al., 2009; Qays et al., 2010; Nawi et al..
2011).

However, some prominent building companies in Abuja, the capital of Nigeria, have
exploited the use of a local petroleum by-product known as expanded polystyrene (EPS)
to produce different types of prefabricated building components for affordable house

building provisions in the country.

4.10 Expanded Polystyrene Technology

Expanded Polystyrene (EPS) is mainly derived from styrene monomer and expanded to
form a cellular structure substantially of closed cells (CITEC International, 2013).
Expanded polystyrene (EPS) is a building system based on a group of structural panels
of undulated foam polystyrene with a base reinforcement placed against the sides with
high resistance steel mesh and each side joined to one another by means of electro-
welded steel connectors (Ede and Ogundiran, 2014; CITEC International, 2013). See
figure 4.1. These panels are arranged on the construction site according to the
disposition of walls, partition and floors, and are finished on site by applying concrete

with pneumatic devices (CITEC International, 2013).
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In regards to building materials, EPS comes in various sizes and shapes. Ede and
Ogundiran (2014) stated that EPS is used for insulation foam, closed cavity walls, roof
and floor insulation, and wall and floor panels. CITEC International (2013) stated that,
as a material, EPS is formed by a union of many beads of polystyrene produced during a

modeling process with a supply of heat as water steam until the following

characteristics are obtained:

e Normal density - 15kg/m2
e Thermal conductivity - 0.037W/mk
e Stream resistance - 0.15mm Hg m2 dia/g cm

e Compression stress at 10% of strain =50kpa

During the expansion stage, expanded polystyrene beds are heated in pre-expander
using steam from boilers at temperatures of at least 85-100° C (Ogundiran and Adedeji,
2014). The pre-expansion process is usually followed by the intermediate conditioning
and stabilization stage to allow the cooling of the dying expanded beads in a fluidized
bed drier where the EPS cools and air gradually disseminate into the pores. This will
continue until the beads contain up to 98% air which will enable them to achieve greater
mechanical elasticity and regain a capacity to expand (Ogundiran and Adedeji, 2014).
Next comes the molding stage where the pre-expanded beads are molded to form blocks
or customized products which are then shaped or cut into the required specifications and
shapes; then the finished products are laminated with foils, fiber boards, plastics, roof or

wall cladding materials and wire mesh.

The thickness of foam polystyrene may vary from 4 to 25 cm according to the
requirements of the architectural design. The steel mesh projection of 50 mm on the
opposite sides joins the two panels which interlock into one another, guaranteeing
continuity by superimposition with no need of placing additional joining elements like
columns, lintel and beams (CITEC International, 2013). The wall erection is completed
by applying concrete layers of acceptable thickness on both sides of the wall to protect
against compressive forces and corrosion (Ede and Ogundiran, 2014). According to Ede
and Ogundiran, EPS panels are an economical alternative to the conventional methods

of construction.
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Figure 4.1: Expanded polystyrene panels meshed with steel to form a unit in Abuja,
Nigeria (Location: CITEC Abuja, photographed by the author).

4.11 Why the Utilization of Expanded Polystyrene (EPS) Systems for
House Buildings are Making Headway in Nigeria

4.11.1 Light Weight

EPS is very light in weight compared to many other building materials (Ede and
Ogundiran, 2014). According to Ogundiran and Adedeji (2012), a standard EPS panel
weighs around 5.5 kg and can be easily lifted into position by a single individual.
Furthermore, it reduces the weight of construction by almost 40%, and can also prevent
costs, especially on foundations (Ede and Ogundiran, 2014). Unlike concrete panels,

EPS components do not need machinery such as cranes or hoists to lift them into

position.

4.11.2 Sourced Locally

EPS materials are sourced locally from Nigeria, just like many other local building
materials such as timber, bamboo, granite and clay. However, some experts argue that

the petroleum by-product used in producing expanded polystyrene is sometimes
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imported because the quantity of the by-product that is acquired in Nigeria is not good
enough to meet the increasing EPS demand in the country. Nigeria is endowed with an
abundance of crude deposits that, when exploited and managed effectively, can produce
the petroleum by-product to be made readily available for commercial purposes in the

country.

4.11.3 High Strength

EPS compressive strength makes it ideal for wall and slab panels in storied buildings, as
well as for residential, commercial and industrial building applications in Nigeria
(Ogundiran and Adedeji, 2012). Ede and Ogundiran (2014) stated that EPS provides an

exceptional compressive strength.

4.11.4 Flexibility and Unique Designs

EPS components can be produced into different size and shapes depending on the
specification required. EPS versatility gives the designers a unique product that can be
utilized alone or with any other building material to achieve a specified building

purpose (Polystyrene Industries, 2013).

4.11.5 Energy Savings

EPS house buildings save more energy compared to the conventional building system.
EPS can save energy because of its ability to keep the building cold for long periods
compared to other building materials. EPS house occupants in the Mboura District,
Abuja, mentioned that they only put on their air conditioning two or three times a day,
and only for a short period, because of its ability to maintain a steady temperature for a
long time. It helps reduce the amount of energy that is generated by a building.
According to Ogundiran and Adedeji (2012), expanded polystyrene is not just foam for
insulation, but an innovative building material that could be used in various parts of the

building.

4.12 Case Study

4.12.1 The Case Study of the CITEC Expanded Polystyrene Housing Estate in
the Mboura District, Abuja

The CITEC housing estate in the Mboura District is a housing project of two thousand
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eight hundred units with different phases. The project is currently in the fourth phase

with more than half of the houses being built using the conventional and prefabricated

techniques of construction. They are to be built in 250 hectares of land provided by the

Federal Government. The types of houses are:

5 bedroom detached duplex

4 bedroom detached duplex

4 bedroom semi-detached duplex

4 bedroom detached bungalow

3 bedroom semi-detached bungalow
3 bedroom bungalow

2 bedroom semi-detached bungalow

4.12.2 General Phases of the CITEC Expanded Polystyrene Houses

4.12.2.1 The Substructure

Excavation — deep (1.2m)

Blinding — (50mm thick, Grade 15 concrete 1:3:6)
Footing — (230mm strip, Grade 20 concrete 1:2:4)
Sandcrete blocks filled with mass concrete
Hard-core filling with bonders — (300mm thick)

Ground floor slab

4.12.2.2 The Superstructure

Erection of ground floor reinforced concrete columns — (with concrete Grade 20,
1:2:4)

First floor slab and beams

Erection of first floor reinforced concrete columns

Erection of roof beams — (Grade 15 concrete)

Erection of timber rafters

Erection of EPS Fascia

Assembling of roofing sheets - (Metro-step tile roofing sheet)

Noggin

Mantling of Prefabricated EPS wall panels

Electrical works and plumbing
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e Spraying mixture of sharp sand and cement on the EPS wall panels

e Spraying mixture of fine sand and cement on top of the already dried up sharp
sand and cement

e Ceiling using P.O.P (Plaster of Paris)

e Fixing of doors and windows

e Tiling

e Electrical and plumbing fittings

e Finishes (painting)
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Figure 4.2: Concrete frame structure and the internal view of the noggins used for the
EPS houses (Location: CITEC Abuja, photographed by the author).
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Figure 4.3: The timber rafters/trusses and the EPS Fascia used for the houses (Location:
CITEC Abuja, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>