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ABSTRACT 

This study set out to evaluate the performance of houses built using alternative 

construction technologies (ACTs) in Kenya. ACTs have in the past been promoted as 

an approach to reduction of construction cost leading to affordable housing. The 

study objectives were to: assess the characteristics, quality and performance of 

building elements built with ACTs; establish the social and economic impacts of the 

ACTs; and gauge the adoption rate of ACTs by developers, consultants and 

contractors. The research design was cross - sectional case study of five projects and 

buildings erected using ACTs within Nairobi County. The study employed post 

occupancy evaluation approach and relied on both quantitative and qualitative 

research methods. Both primary and secondary data were collected from developers, 

consultants and contractors through checklists, questionnaires, interviews and visual 

observations. Descriptive statistics was used to analyze the data. They described 

functional performance, lessons learned, adoption rate, social and economic impacts 

of ACTs. The results showed that the costs of the raw materials as high and make the 

adoption rate of the ACTs in Kenya low. Additionally, the advantages of ACTs 

included savings on speed of construction, waste reduction, labour reduction, 

efficiency and quality production. These impacts are however not aggressively 

propagated or articulated to the general public. This lack of effective dissemination 

has led to constrained knowledge on the social and economical benefits of ACTs 

curtailing satisfactory solutions to affordable housing. Thus, the researcher 

recommends that the Sensitizing the public through open forums, printed pamphlets, 

show houses, physical demonstrations of construction speeds, active public 

participation and other promotion methods; of the many advantages of ACTs. These 

findings of the study should be applied in future projects as a way to promote 

adoption of the ACTs.  

Keywords: Alternative, Construction, Economics, Performance, Technologies 

 



CHAPTER ONE 

INTRODUCTION 

1.1  Background to the Problem   

Worldwide, towns and cities have grown at a rapid rate and the dramatic problems 

linked to this include huge shelter needs; emergence of squatter settlements and 

slums; and deficient infrastructure in many low-income settlements (UN-Habitat, 

2004). In the Kenyan context, population increase has been tremendous over the 

years. According to the National Council for Population and Development; Sessional 

Paper No. 3, Kenya’s population was enumerated at 38.6 million in 2009 (Republic 

of Kenya, 2012). It also showed that the population was increasing by about one 

million people per year between 1999 and 2009 as reflected by the recorded increase 

from 28.7 million in 1999 to 38.6 million in 2009 (ibid). At the growth rate of 2.9 per 

cent per annum, the population is expected to double to about 77 million in 2030 

(ibid). This leads to high demand for the low, middle and high income housing in 

most urban centres in the country. 

The building and construction industry occupies a central place in the economy of 

Kenya because of its importance as a producer of capital goods and employment. By 

2007, both the government and the private sector in Kenya produced an average of 

35,000 housing units per year (Republic of Kenya, 2007). As per the National 

Development Plan (NDP), this was far below the yearly requirement of 150,000 

units.  

Ministry of Housing Strategic Plan of 2008 to 2013 decried the low level of 

investment in the housing sector. This was attributed to the lack of an enabling 

environment. According to the UN-Habitat report on the Africa’s affordable housing, 

the major reason why housing is unaffordable for the urban poor majority in Africa is 

due to the high costs of both land and building materials (UN-Habitat, 2012). The 

later typically constitute the single largest input into the construction of housing, and 

can account for up to 80 per cent of the total value of a simple domestic house (ibid).  
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The building costs and rate at which the construction industry is able to provide 

housing are important key factors. Other contributing factors to low-income housing 

delivery include resources, delivery techniques, manpower, regulations, policy 

framework and negative stereotype. In Africa, due to the high construction costs of 

housing, approximately 75 per cent of low-income and middle-income earners have 

no access to adequate housing of reasonable standard of sanitation (Elias & Omojola, 

2015). As a result, 60 percent of urban residents live in slums and unplanned 

settlements (UN-Habitat, 2012). 

Over time, alternative methods of construction and new technologies have evolved. 

Nevertheless, despite the need to maintain business relevance in the long term, 

innovation is not sufficiently adopted as a strategic goal by most construction 

organizations (Dulaimi et al., 2002). The practice is to launch new building materials 

and innovations in a public fair; to market the alternative technology and use in real 

building, but no formal evaluation after use is ever done thereafter.  

The lack of data on post occupancy evaluation brings in the uncertainty as to whether 

the alternative construction technologies (ACTs) actually address the problem of 

delivering affordable housing. The ACTs objectivity in choice is therefore not 

tangible. Hence lessons learnt in past housing projects lack in future projects. Toole 

et al, (2013) proposed a “maturity model” that allows construction organizations to 

evaluate and improve the innovation capabilities but there is no documentation of its 

application.  

The use of appropriate building materials in the provision of affordable housing in 

Kenya was initiated in the 70s, but little has changed in the actual practice of the 

construction sector (Syagga, 1993). Kenyans have been slow to adopt ACTs and 

have a strong bias towards traditional materials and techniques, specifically stone 

and cement (Noppen, 2012). This could be attributed to the alternative technologies 

not really being appropriate or simple ignorance. The alternative technologies costs 

could also have contributed to the low uptake and adoption pace. 
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The uptake of alternative methods of construction has also been hampered by lack of 

awareness of the different methods available in the market. Efforts to  revise  the 

Kenyan Building Code to include these alternative methods emerged in the 

1990s but have not been fully acknowledged (Okumu, 2014). According to the 

Architectural Association of Kenya (AAK) October, 2015 newsletter, the new Kenyan 

Building Code incorporating alternative technologies has now been redrafted and is set 

to be launched soon (AAK, 2015). 

The City planning department of Nairobi County has recorded a few instances where 

different types of alternative building materials and methods, such as expanded 

polystyrene (EPS) panels and waffle precast slabs; have been relied on in delivery of 

housing. These includes residential houses in Balozi estate along Thika road, Nairobi 

and Ongata Rongai, Kajiado County (2010); Silver springs hotel extension in Nairobi 

(2007); partitioning and remodeling of Chinese Restaurant at Adams Arcade; Ngong 

road; Nairobi (2011) and Ruai police housing scheme (2013) among others. 

The ultimate goal and relevance of ACTs is delivery of affordable housing. This 

should be through increased speed of construction, reduced material wastage, 

reduced materials costs and reduced labour costs. The economic advantages and 

sensitization of the ACTs has not been used to enhance adoption and acceptability. 

This has resulted in the low uptake of ACTs yet the acute shortage of affordable 

housing still persists. The stereotype mind set-up that conventionally built stone and 

mortar buildings as the only way to get decent buildings should be eradicated. To 

achieve this, the ideal position would be to carry out post occupancy evaluation on 

all buildings where the ACTs have been used. The achieved knowledge and findings 

should then be injected into future projects. 

1.2  Statement of the Problem 

The adoption and uptake of ACTs in the construction industry in Kenya is quite low. 

The challenges and performance of these technologies remain vague and are not 

clearly understood. The standard procedure and requirement at the completion of 

building construction projects is to provide as built drawings and final costs of the 
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developments. There are few and scanty documentary records to proof that post 

occupancy evaluations has been carried out on buildings built using ACTs. The 

consequences of this state of affair are that mistakes are repeated, savings are not 

realized and a persistence of low rate of housing delivery. The experiences and 

lessons learnt are never utilized in other projects. The lack of post occupancy 

performance evaluations has also resulted in lack of important data that is necessary 

in improving the rate of adoption and improvement of these alternative technologies.  

Samuelson and Zeckhauser, (1988), in their paper on status quo alternative argued 

that, when clients are faced with new alternatives, the decision maker often continues 

with the current or previous decision made. However, ways to encourage use of 

alternative techniques and overcome this fear has not been discussed or addressed. 

This gap needs to be addressed to enhance usage of alternatives.  

There have been many attempts to classify different types of innovations. For 

instance Henderson and Clark (1990) classified innovation as incremental, modular, 

architectural and radical depending on the degree of product/architectural knowledge 

required to implement. The most significant model for innovation-development 

process was proposed by Rogers ( 1995) comprising six phases, starting with the 

emergence of need, research, development, commercialization, adoption and 

diffusion and lastly consequence of acceptance or rejection. These models however 

did not provide performance evaluation guidelines of the innovations hence little or 

no feedback is obtained. 

Contrary to common practice in building, innovations are both initiated and 

developed by the supply side, rather than being the contractors' solution to a specific 

project requirement. This set-up slows down adoption and acceptability of 

alternatives and innovations. The users, contractors and clients would rarely use a 

product unless it is providing a solution or savings. Hartmann et al, (2008) in a study 

of the innovation adoption process and behaviour of public clients in The 

Netherlands, encouraged further research addressing the complex decision 

environment of construction clients.  
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An ideal position would be that a post occupancy evaluation is carried out on each 

development project where ACTs have been adopted. This evaluation would show 

the economic benefits resulting from the use of these technologies. It would establish 

affordability and housing delivery aspects. According to Toole et al. (2013), 

innovation should cause individuals to view things differently, and results in 

competitive advantage, increased value for the client and benefit to stakeholders. 

These improvements are often seen in terms of the value they create for a wide range 

of stakeholders, including clients, users, manufacturers, regulators, and providers 

(Blayse & Manley, 2004).  

The purpose of the study was to assess post occupancy performance of ACTs in 

housing provision. Establish the physical and structural soundness of buildings 

erected using ACTs; establish economic benefits achieved; and finally establish 

impacts and challenges encountered. The data obtained will be utilized to improve 

ACTs uptake and enhance housing delivery. 

1.3  Aim and Objectives 

The aim of this study is to evaluate the performance of ACTs in Nairobi County, 

Kenya. The specific objectives are to: 

1. Assess the characteristics, quality and performance of buildings elements 

erected with ACTs. 

2. Evaluate the economic impacts of ACTs in housing provision. 

3. Establish the adoption rate of ACTs by developers, consultants and 

contractors. 

1.3 Research Questions 

1. How have facilities constructed using ACTs performed in terms of 

weathering, defects, durability and aesthetics? 

2. What is the user’s satisfaction level on the alternative technologies? 
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3. Are there lessons learnt by consultants from buildings built using the 

alternative technologies? 

4. What are the economic benefits of using ACTs by developers and 

contractors? 

5. How can the ACTs uptakes be improved?  

1.5  Justification of the Study 

The UN Agenda 21; on environment and development, advocates and promotes 

sustainable settlement developments. The Constitution of Kenya, 2010 propagates 

attainment of adequate, affordable housing and reasonable standard of sanitation as 

a fundamental right to the Kenyan citizens. The high population growth witnessed 

in Kenya in recent time’s calls for the government institutions mandated with 

facilitation of housing provision to be more proactive in the realization of affordable 

housing. Attempts in meeting housing demand by citizens both in the urban and 

rural areas have witnessed enormous use of conventional building materials. This 

mode of construction not only takes long periods but also depletes the scarce natural 

resources. Alternative construction materials and new technologies have over the 

recent years been introduced in the Kenyan market to try and mitigate this 

phenomenon. 

This study evaluated the performance of the ACTs in use. It appraised the physical 

characteristics to determine the weaknesses and strengths of the ACTs. The study 

assessed the users’ knowledge and satisfaction level on ACTs. It also assessed the 

economic benefits realized by the developers. It interrogated the uptake of buildings 

erected using alternative materials. The study evaluated the ACTs as agents of 

delivering affordable housing. It also evaluated the ACTs usage agility and wastage 

factor during construction.  

The study evaluated the delivery speeds of the houses and the resultant benefits. The 

labour outputs were also assessed and accrued cost savings articulated. The study 
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noted the constraints and lessons learnt by the projects teams. It also examined the 

general public perceptions on use of ACTs.  

1.6   Significance of Study 

The observed findings will address the current unsubstantiated failure fears and other 

structural incompetence’s towards ACTs. The findings of the evaluation will also be 

injected into future projects and offer ways to promote and propagate the use of the 

ACTs for housing provision.  

The obtained evaluation data on economic benefits will be used to lower housing 

construction costs hence making housing provision affordable. Data on labour output 

will also be used to determine the end cost of future housing projects. Utilizing the 

delivery speeds data as an advantage will result in more housing unit production by 

the developers. This will reduce housing deficit. Finally the study data will assist in 

proposing guidelines on process improvement of ACTs with the aim of achieving 

affordable housing delivery. 

1.7  Scope of the Study 

The study was carried out within Nairobi County in Kenya. The region was selected 

for the study because it has the highest need of affordable housing; which is a 

resultant of rural urban migration. The region also has also the largest number of 

buildings where alternative building materials and technologies had been used. The 

study was modeled on the post occupancy evaluation of housing projects and 

buildings erected using ACTs. The scope was restricted to residential housing 

buildings only.  

The information sought related mainly to functionality performance of the 

completed buildings, attained economical benefits and lessons learned by the 

projects teams. The study also sought information related to acceptability of ACTs 

as a means of providing affordable housing.  

The study used cross sectional design to collect the data. The data collection process 



8 

 

was by way of structured questionnaires, checklists, face to face interviews, 

discussions, documentary search and secondary data. 

Participants were the building owners and users, building caretakers, 

construction workers; consultants; contractors; county government representatives 

and key informants; and personal visual observations. These were the policy makers 

and implementers on the one hand and the project implementation beneficiaries on 

the other hand. Apart from discussions, data collection involved visiting 

manufacturing firms specializing in production of alternative building materials 

with bias on three dimension (3D) wall and floor panels’. 

The region was appropriate for the study since it had adequate sample. The study was 

aimed at exposing facts and information related to ACTs competence and reliability 

in providing affordable housing. The study also explored the ACTs to determine their 

social and economic benefits stakeholders. The available data will help un-housed 

population come up with critical conclusions on ACTs uptake and acceptability.  

1.8  Limitation of the Study 

A major limitation of the study was the lack of up dated records by the building users 

and maintenance crews where various ACTs had been used. This was mitigated by 

carrying out physical inspections and noting down in defects checklists. Lack of 

access to information was mainly due to the current wave of terrorism as any 

inquiries are often considered with suspicion. This was mitigated through oral 

interviews and agreement with interviewee to integrity non disclosures of discrete 

information and not taking photographs by the researcher. 

Another key limitation to this study was the building owner’s refusal to disclose all 

their financial obligations and savings achieved during construction. This was 

mitigated through the use of percentage relationships and ratios. The actual amounts 

of cost savings; in figures, were not used. 

There are only a few recent buildings where ACTs have been fully utilized. This 

limited the study to the few available cases. Many of the ACTs in the country have 
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not been tested locally for long hence less exposure in their use. The study used 

secondary data where the ACTs have been used extensively to fill in the gaps. 

The other limitation was that the time required to carry out the study was limited to 

the academic calendar period and restrictions. This was mitigated by putting in more 

hours towards the study and getting research assistants to collect data questionnaires 

from the various respondents. 

1.9 Study Organization 

The study comprise of five chapters and the preliminary pages. The latter includes 

acknowledgements, dedication, figures, abbreviations, tables and many more.   

Chapter one includes introduction to the study, background of the study, statement of 

the problem, aim and objectives of the study with study questions, justification of the 

study, scope and limitations of the study, and the study organization.  

Chapter two incorporates literature review of past studies related to the alternative 

building methods and materials. It includes highlights of key concepts of alternative 

construction methods, building materials and technologies in Kenya as well as the 

conceptual framework.  

Chapter three discusses the methodology of carrying out the study and data 

collection. It comprised an introduction of the study, study design and description of 

the study area. It further incorporated the types of data, the data collection design, 

population size, sampling frame, sample size, data collection methods and tools, as 

well as ways of data analysis and presentation.  

Chapter four comprises of data analysis, presentation and discussion. It also has an 

in- depth grasp of the outcome of the study. 

Chapter five comprises of the conclusions and recommendations of the study. This 

chapter in addition provides suggestions on areas for further research for policy 

makers and / or implementers and the academia. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

Chapter one discussed the lack of post occupancy evaluation data and low uptake of 

alternative construction technologies. This chapter presents the related literature 

reviewed and uncovers the knowledge gap in the literature. The chapter is organized 

around eight major topics namely; construction technologies and adoption rates, 

construction innovation, modern methods of construction, variety of alternative 

construction materials in Kenya, prefabrication, modular construction methods and 

three dimension (3D) panel systems. Eventually, it will be shown that no records of 

prior evaluation data of alternative construction technologies were found in the 

literature reviewed.   

2.1.1 Construction Technologies and Adoption rates 

Around the world, governments are demanding that timber not be used in building 

construction, materials that create pollutants be curtailed and that buildings adhere to 

new requirements to save energy. In mitigation, alternative construction methods 

have been acknowledged and accepted in the developed world as a means of 

providing housing (UN-Habitat, 2004). Around the globe, the world is now ready to 

adopt and utilize alternative building systems and methods to reduce the deficit of 

housing demanded by the rising population (UN-Habitat, 2011). The urge is more 

critical in Africa where the demand for shelter is extremely high. This has been 

demonstrated in Lagos, Nigeria and Johannesburg, South Africa where expanded 

polystyrene “space frame technology” is widely used to provide housing in 

settlement schemes in a World Bank-supported Lagos Slum Upgrading Programme 

dubbed “provision of one million housing units for low income households in Lagos“ 

which was instituted in 1999 and South Africa’s new national housing policy dubbed 

"Breaking New Ground" (BNG) used to accelerate the delivery of quality housing 

(UN-Habitat, 2010). 
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According to Edge (2002), home buyers in the United Kingdom (U.K) are not 

resistant to new forms of offsite construction techniques, but are partially resistant to 

new building materials. He also asserts that there is a strong niche market for 

innovative forms of housing which are potentially affordable, sustainable and 

flexible. Using alternative construction methods result in potential cost savings due 

to shortened project schedules, less on-site work, improved labour productivity, and 

more efficient equipment utilization (Neale, 1993; Gibb, 2000). 

A global initiative to promote sustainability in building construction has resulted in a 

myriad of choices in construction products and technologies for homebuilders and 

homeowners. However, limited information is available to enable decision‐making 

for optimal integration of these technologies based on building performance 

requirements and individual priorities (Nahmens et al, (2013). While many 

contractors, architects, and homeowners today are concerned about the environment 

and interested in sustainable construction technologies, the perceived higher initial 

cost of innovative construction products and methods, and a lack of life cycle cost 

and benefit data present significant barriers in the implementation of such techniques 

(ibid). 

Seeking to include all the benefits of the alternative technologies may enhance the 

performance of the many different building systems. Using a prioritization scheme, 

one can begin this sizeable effort by focusing on the building components that have 

the most impact on cost and time consumption. Nahmens (2013) asserts that such an 

approach would entail focusing on the large construction elements that constitute a 

building for instance the walling system. In addition, the implementation of 

innovative technologies poses greater risks and potential negative impacts for the 

contractors in terms of technological uncertainty, construction costs and schedule 

delays. Therefore, there is a great need to nurture “innovator” and “early adopter” 

homebuilders through the learning curves and decision‐making process during the 

trial stages of the adoption process (Nahmens et al, 2013). This would improve, 

stimulate and shorten the adoption curve by the contractors and the building owners. 
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In Kenya, according to Sessional Paper No.3, (2004), the annual demand for housing 

in urban areas is 150,000 units while 300,000 units need to be improved in the rural 

areas (Republic of Kenya, 2004). The use of alternative methods of construction, 

materials and technologies is promising in Kenya to help to reduce this deficit. The 

major barrier is adaptability and market acceptance (Ivory, 2005). Most building 

deliveries tend to stick to stones and cement, and there is not a wide spread use of 

alternative building materials. A case study on the role of the client in innovation, 

Ivory, (2005) demonstrated that a strong client focus could even be harmful for 

innovating companies if clients' demands are limiting.  

 2.2  Construction Innovations 

In a paper on construction innovation covering key factors driving or hindering 

innovation in construction, Blayse and Manley (2004), identified the key role of 

clients in promoting innovation as one of the most prominent themes in construction 

innovation. Innovation incompetent clients are, for example, those clients who are 

risk averse and constrain innovation activity (Manley, 2006). He further argued that 

the innovation competence of clients is a major determinant of supplier‐led 

innovation, such as the process innovation of prefabrication as exemplified by Ivory, 

(2005). This therefore, acknowledges challenges by clients' precognition, beliefs and 

existing cognitive rules‐of‐thumb and, thus, provides opportunities for identifying 

barriers to overcoming inertia in client decision making.  

Managing a construction project typically needs a balance between the competing 

project constraints including, however, not limited to: scope, quality, schedule, 

budget, resources, and risk (PMI, 2008). In real estate development, developers 

always work to tighter schedules. Whether they can sell their products on time and 

repay loans before deadline depends on the project being completed on time and 

within the constraints. Project success relies heavily on the timely transfer of 

information between owners, project managers, general contractors, trade 

contractors, city authorities, inspectors, designers, and lawyers (Rojas & Songer, 

1999). Therefore the time aspects in projects should be evaluated and a cost 
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component attached to it. These costs would act as a guide and assist in advocacy on 

the alternative materials usage. 

McCoy, (2009) argued that US construction industry is often characterized as 

traditional and resistant to adoption of innovative construction products and 

techniques. Several studies in the literature and practice identified major 

impediments to homebuilding technology adoption into the housing market such us 

cyclical nature of construction, dominance of small firms, housing system 

compatibility issues, heavy reliance on subcontractors, inadequacy of labour skill set, 

poor communication between homebuilders and manufactures, diverse building 

codes, and lack of access to information about new products and practices (NAHB, 

2002); (Toole, 1998); (Koebel, 2008); (Dawkins and Koebel, 2010).  

In Kenya, the construction industry is no different, middle level residential housing 

output consists of single family and multi dwelling structures that are traditionally 

made of stone and mortar. Toole, (1998) found a relationship between the amount 

and access to sources of information about new products and the successful adoption 

of technology innovations wanting. Most builders, including large production 

builders, have limited opportunities to test innovative products or processes (Koebel, 

2008). Therefore, efforts like the one described in this study are imperative to the 

goal of accelerating adoption of best building technologies and practices. 

2.3 Modern Methods of Construction  

Due to longstanding criticism about the construction industry's poor performance, 

Modern Methods of Construction (MMC) are receiving increasing attention 

worldwide in regards to costs, adoption and effectiveness. The operation definition 

term MMC collects terms such as alternative construction technologies, offsite 

production, offsite manufacturing, prefabrication, and industrialized building. 

Various writers have written regarding the performances of MMC constructions 

worldwide, for instant in the European Union, Nadim and Goulding, (2011), in the 

United Kingdom Gibb and Isack, (2003); Goodier and Gibb, (2007); Nadim and 

Goulding, (2010) and in Australia Blismas and Wakefield, (2009). They all are 
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generally in agreement that MMC are efficient in terms of increase in construction 

speeds, lessened project schedules, reduced site wastage, improved labour 

productivity, and ultimately allow for better site management and equipment 

utilization. 

The writers adequately addressed the many economic benefits of MMCs achieved 

during the construction period. However, post occupancy evaluations on the 

performance of the structures built using the MMCs have not been done. This post 

occupancy evaluation of the MMCs would assist revealing their real qualities and 

characteristics.    

Considering that building materials account for about 60 per cent of the total 

construction costs, Appropriate Building Materials and Technologies (ABMT) and  

alternative construction technologies with the many varieties could be instrumental 

in lowering construction costs in Kenya, owing to the fact that these new 

technologies can reduce materials cost by up to 50 per cent. 

Firstly, there are the prefabricated components that are simple building blocks that 

usually involve a single building trade. Examples  includes timber frame panels; 

precast panels; steel frame panels; Structurally Insulated Panels (SIP’s); building 

envelope/façade systems; composite panels; precast cladding; Light Steel Frame 

Building Systems (LSF); pre-cast structural elements; Insulating Concrete Formwork 

(ICF); and tunnel form construction (Hartley and Blagden, 2007). 

Secondly are the steel prefabricated structures that are viewed as being modern. It is 

used in flooring, walling and roofing materials which are easily prefabricated in 

workshops and off sites then transported to construction sites. These materials are 

easily assembled and installed on site. The main handicap with these prefabrication 

methods of construction is transportation due to long spans and poor road 

infrastructures (SKAT, 2012). 

Thirdly the concrete industry embraces innovation and Modern Methods of 

Construction (MMC) by offering concrete solutions which can be used to reduce 
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construction time and promote sustainable development, as well as offering cost 

savings. Precast concrete industry has adopted and used various products in 

promoting and providing housing. These alternative products include concrete 

roofing tiles, waffle slabs, pre-stressed floor slabs, precast concrete wall panels and 

many more.  

Fourthly an emerging construction technology that is receiving global acclamation is 

the Pumping Ready Mix Concrete or PRMC. The Mix is computer controlled, 

weighing, setting the proportions and mixing precisely to the specific requirements. 

Thorough concrete examination is carried out before the ready mixed concrete is 

transported to the site. It also eliminates waste at the site. The PRMC technique takes 

less time and the fact that it is much easier to move around the site, makes it much 

cheaper and significantly reduces project finish time by up to 25 percent (Al- Araida 

et al, 2012). 

Syverson, (2007) claimed that in the first world, over ninety percent of the 

construction projects apply the Ready Mix Concrete. Expanse high rises to 

neighborhood sidewalks are constructed using Ready Mix Concrete. This approach 

offers proper amount of cement mixing with other necessary materials.  The process 

protects the developer or a contractor from being over charged by aggregate and sand 

suppliers.  Fifthly are the manufactured materials that offer another avenue of 

alternative construction methods. Such materials include Three Dimension Expanded 

Polystyrene panels (EPS) integrated with galvanized steel trusses; steel mesh clipped 

or welded to the protruding points of the trusses and then finished with coat of 

cement plaster. This technology implements the 3D- Panel Systems and is a 

relatively new innovative approach in Kenya and in many parts of Africa. According 

to Journal of Material Science, (2006) this technique is favoured as the most suitable 

approach for mass housing construction worldwide because of its versatility. 

Building panels can be delivered to the site and erected utilizing unskilled labor 

alone. This is a technique that is ideal for unsuitable soil conditions; physically, the 

joined panels create structures which are monolithic in nature providing superior 

strength to the walls, which prevents cracking. Plastering with a 14 mpa cement 
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plaster leaves the wall four times stronger than the conventional stone wall. This 

material exhibits excellent thermal insulating properties, its water proof and 

bulletproof (NHC, 2011).                                                                                            

 

 

Figure 2.1: Foundation and substructure works 

Source: The Star Monday, December 9, 2013 

Figure 1.2: NHC workers construct a house with EPS panels 

Source: The Star Monday, December 9, 2013 
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2.4 Variety of alternative construction materials in Kenya  

Some of the popular alternative building materials include precast concrete panels, 

hybrid concrete, interlocking stabilized blocks, rammed earth, steel and timber. 

2.4.1 Pre-Cast Concrete 

Pre-cast panel building process was invented and pioneered in Liverpool, England, in 

1905 by John Alexander Brodie a city engineer (Jain, 2014). It was later adopted all 

over the world, particularly in Eastern Europe and the Scandinavia. There are many 

different types of precast concrete forming systems for architectural applications. 

These are different in size, function and cost (Qadir, 2014).  

Precast concrete building components and site amenities are used architecturally as 

fireplace mantels, cladding, trim products, accessories, and curtain walls. Structural 

applications of precast concrete include foundations, beams, floors, walls, and other 

structural components. It is essential that each structural component be designed and 

tested to withstand both the tensile and compressive loads that the member will be 

subjected to over its lifespan (Poon, 2003). Precast concrete provides the 

manufacturers with the ability to produce a wide range of engineered earth retaining 

systems.  

Precast architectural panels are also used to clad all or part of a building facade, free-

standing walls, general retaining walls, soundproofing and security walls. Some of 

these walls can be of Pre-stressed concrete structural elements. Precast concrete 

products can withstand the most extreme weather conditions and will hold up for 

many decades of constant usage (Poon, 2003). Pre-stressed concrete panels can either 

be used horizontally and placed either inside the webbings of Rolled Steel Joist 

(RSJs) I-beam or in front of them. Alternatively panels can be cast into a concrete 

foundation and used as a cantilever retaining wall (Poon, 2003).  

Precast concrete technology significantly reduces the need for formwork carpentry as 

re‐useable metal forms can be specially made for use in the prefabrication yard. The 



18 

 

use of formwork, reinforcement and concrete is better controlled and wastage 

reduced. Close monitoring and better quality assurance of raw materials, together 

with the use of steel forms; produce finished products that are of a superior quality. 

The components and their detailing can also be standardized to reap economies of 

large‐scale production (Low & Chan, 1996). 

In summary, prefabrication technology therefore brings with it a host of benefits: 

improved quality with better quality controls, reduction in wastage, less 

labour‐intensive operations, faster production of building components and economies 

of large‐scale production (Low & Chan, 1996). However, data on the performance of 

these structures built using the pre-casts materials lacks. Post occupancy evaluations 

would be relevant in bringing to the fore the physical, social and economic benefits 

after the buildings are constructed and in use 

.    

 

 

 

 

 

 

Figure 2.3: Precast concrete 

Source:  The Little Green Book of Concrete (2008) 
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Figure 2.4: Concrete House Construction in lightweight precast concrete wall 

panels. 

Source http://www.litecretesystems.co.nz/concrete-house-in-one-day-you-better-

believe-it.htm 

2.4.2 Precast concrete and Hybrid concrete 

Hybrid concrete construction (HCC) comprises highly innovative combinations of in 

situ and precast concrete elements (Goodchild, 1995, 2001; Glass & Baiche, 2001; 

Barrett, 2003). HCC has been under‐utilized and is a relatively new technological 

innovation for many firms (Arditi et el, 2000; Glass and Baiche, 2001; Goodchild, 

2001). HCC aims to offer the benefits of using each individual element, hence 

compensating for individual component weaknesses. Goodchild, (1995) argues that 

in situ reinforced concrete frames are often regarded as the least expensive solution, 

whereas precast concrete solutions promote speed and high quality. Combined 

solutions therefore have the potential to provide greater speed, quality and overall 

economy. 

HCC provides a high quality finished product, in terms of both aesthetics and 

function, as demonstrated by buildings using precast components (Freedman, 2001; 

Goodchild, 2001). It offers a wider range of benefits beyond traditional time, cost 

http://www.litecretesystems.co.nz/concrete-house-in-one-day-you-better-
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and quality considerations. Essentially, best value buildings overall are more likely to 

enhance client satisfaction. The use of HCC was perceived as being unlikely to 

minimize cost (Arditi et el, 2000; Goodchild, 2001), hence the “minimizing 

construction cost” criterion is unlikely to influence its adoption. Gibb, (1999) argued 

that the use of prefabricated components, whilst reducing overall cost due to 

reductions in project time, will incur extra costs due to, for example, transportation, 

crane-age and factory overheads. He further suggested that the main cause of these 

extra costs was the failure to assess all the costs involved in traditional construction.  

2.5   Management Techniques and Impacts  

2.5.1 Just in Time (JIT) 

In the JIT philosophy, raw materials are not stocked up. Instead, they are delivered in 

the right quantities, in the right condition, to the right place, and at the right time for 

production. JIT has proven to work well in the manufacturing sector (Lim and Low, 

1992; Low & Chan, 1997).  

Essential features of lean construction include a clear set of objectives for the 

delivery process, aimed at maximizing performance for the customer at the project 

level, concurrent design of product and process, and the application of production 

control throughout the life of the product from design to delivery (Howell, 1999). In 

essence, lean construction emerges from the application of a new form of production 

management to construction. Nevertheless, the concept of lean production consists of 

a complex cocktail of ideas including continuous improvement, flattened 

organization structures, teamwork, the elimination of waste, efficient use of 

resources and co‐operating supply chain management.  

2.5.2 Total Quality Management (TQM) 

Green (1999) skeptically attributed the Japanese success to an imprecise mixture of 

Total Quality Management (TQM), JIT, team working and supply chain 

management. He went on to posit that the main argument in support of TQM is that it 

encourages employees to identify themselves as parts of a supply chain, which 
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comprises a sequence of relationships between suppliers and customers, and that this 

provides employees with a sense of self‐esteem from serving the next person in the 

chain rather than having to derive satisfaction from the task itself (ibid).  

In addition, lean production is continually advocated by universities and business 

schools that are increasingly dependent upon the business sector for funding (Green, 

1999). Despite Green’s (1999) reservations, examples could be shown to support the 

application of JIT in the construction industry. Tommelein and Li (1999), for 

example, argued that ready‐mix concrete is a prototypical example of a just‐in‐time 

construction process. This is because ready‐mix concrete is a perishable commodity, 

batched to specifications upon customer demand which makes just‐in‐time delivery 

necessary (ibid). In view of the significant variability in the cycle time for a truck, 

the batching plant will be idle at times when waiting for trucks to return for 

additional batching. 

Tommelein and Li’s (1999) findings suggest that a typical order lead time is three to 

four days before the day of the placement so that the plant has time to procure 

materials, reserve batching capacity, and mobilize drivers and trucks. The sooner the 

batching plant knows about an order, the more likely that, that order can be 

scheduled for delivery as requested.  

The delivery of precast concrete components is very similar to the deliveries of 

ready‐mix concrete from the batching plant to the site (ibid). The same batching and 

queues would happen if precast concrete components are not delivered to site 

just‐in‐time for installation. The writers only concentrate on the economic benefits of 

alternative materials procurement and placement during construction. The 

performance of the materials after application when the buildings are in use is left 

hanging. The aesthetics, defects, weathering and physical impacts are not addressed. 
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2.6  Innovative Material Technologies 

2.6.1 Interlocking Stabilized Soil Blocks  

According to UN Habitat, (2009), earthen construction has witnessed a renaissance 

in recent years due largely to economic & environmental concerns. Availability, low 

cost & eco-friendly nature of soil as a building material makes it an attractive 

alternative to conventional building methods. Stabilized soil blocks are uniform in 

texture. They need less mortar and can be dry-stacked. Uniformity speeds up the 

laying/building process and results in straighter walls. 

While making compressed soil blocks is labour intensive, they can significantly 

reduce the costs involved in building a house, outbuildings, fences and garden walls 

(UN Habitat, 2009). The only cost involved in producing compressed soil blocks is 

the block press and the time invested by the builder. However if the soil at the 

building site consists of clay, caliches and silt, admixtures can be omitted. This 

process have not only been successfully adapted, but this technology has also 

expanded products and services to include special community re-development 

projects, incorporating environmental management with effective social and 

community sustainable modeling (ibid).  
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Figure 2.5: Interlocking stabilized soil blocks and construction of low cost 

houses using blocks 

Source: https://www.google.com/search?q=interlocking+stabilised+soil+blocks&biw  

The uptake of interlocking stabilized soil blocks however has been low. This can be 

attributed to negative stereotype that soil blocks produce poor quality housing (UN 

Habitat, 2009). The satisfaction level of users for such facilities is never carried out. 

The physical features such as weathering, defects and durability evaluation lacks. 

Hence this negativity is never addressed. This could ideally be addressed through 

post occupancy evaluation of buildings built using the soil blocks. 

2.6.2  Rammed Earth  

Earth structures buildings are well known for their construction quality and 

significant environmental benefits. Rammed earth construction involves the 

compaction of earth between formwork to form monolithic walls. The massive 

monoliths that are earth structures walls offer beautiful living environments while 

providing buildings with valuable thermal mass. According to Earth Structures 

Property Magazine (2013), the walls contain a fraction of the embodied energy of 

manufactured wall products such as fired bricks and building blocks. No other 

walling can provide architects with such natural elegance combined with such low 

environmental impacts (Wayne, 1976). A well designed earth structures building can 

https://www.google.com/search?q=interlocking+stabilised+soil+blocks&biw
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be managed without air conditioning in hot weather and with reduced heating input 

in cold weather (ibid).  

The resurgence of interest in rammed earth in Australia may be partially due to its 

potential as a commercial construction system (Owen, Treloar, & Fay, 1999). 

Rammed earth can be used as a simple constructional system, but a high technology 

approach similar to standard construction technologies can also be applied (Houben 

& Guillaud, 1994). Pressures of economic viability, stringent building regulations, 

and public expectations of performance have led to technological advancements in 

construction methods to meet consumer, regulatory and industry demands. 

Consequently rammed earth construction has generally become more mechanized in 

its processes. Traditional earth construction methods are high in labour content and 

relatively low in capital requirements. However, mechanization results in a reduction 

in labour requirements and an increase in the use of plant, machinery, fuel and 

capital (North, 1994b).  

Furthermore, raw materials are frequently sourced locally and are often stabilized 

using cement to increase durability, strength and water resistance. Use of earth as a 

construction material represents a large embodied energy saving over conventional 

materials such as clay bricks (Lawson, 1996). The use of cement as a stabilizer for 

rammed earth improves its compressive strength and durability. Stabilization 

modifies the properties of a soil to increase strength, decrease porosity and reduce 

dry shrinkage and swell (Easton, 1996). Proportions of cement vary depending on 

such factors as the soil composition, climate and design, but are generally around 8 

per cent (Carter, 1999; (Owen, Treloar, & Fay,  1999).).  
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Figure 2.6: Rammed earth construction in progress 

Source: http://www.permies.com/t/33925/cob/Cheaper-easier-rammed-earth-

technique 

The rammed earth construction is well received and adopted in upcountry housing 

but rarely in urban set-ups. The building regulatory framework locally does not 

recognize rammed earth construction as permanent form of construction. This bias 

aspect plays a big role in reducing the adoption rate of this mode of housing delivery. 

The incorporation  of alternative technologies in the new Kenyan Building Code 

according to the AAKs October,2015 newsletter would be very instrumental in the use 

and adoption of rammed earth construction. It also help reduce the negative mind set 

that mud or earth housing are inferior quality despite the long historical usage. 

2.7 Innovative Construction Methods  

2.7.1 Steel Building Systems. 

Historically, steel buildings first gained popularity in the early 20th century. Their 

use became more widespread during World War II and significantly expanded after 

the war when steel became more available. Steel buildings have been widely 

accepted, in part due to cost efficiency and the wide range of applications. Steel also 

http://www.permies.com/t/33925/cob/Cheaper-easier-rammed-earth-
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provides several advantages over other building materials and is a "green" product. It 

is energy efficient and any excess material is 100% recyclable. Steel is easy to 

modify and offers design flexibility. 

 

Figure 2.7: Steel construction 

Source:  http://room-decorating-ideas.com/built-with-lightweight-steel-frames/ 

2.7.2 Timber Construction 

Timber frame construction method is not very popular with the environmental 

conservation activists and green belt movements. It requires wood in construction of 

the walls, floors and roof structures, a demand which puts more pressure on the 

already depleted forests (Maathai, 1991). However, because of the need to conserve 

natural forests, interest in the potential of cardboard and even paper use in the 

construction sector has increased. Notwithstanding, use of timber frame actively 

helps in reduction of the effects of global warming and has excellent insulation 

properties.  

http://room-decorating-ideas.com/built-with-lightweight-steel-frames/
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Mahapatra and Gustavson, (2008) suggested that, in comparison to on‐site building, 

the Swedish industrialized production of timber‐framed building systems have 

relative advantages such as cost savings and improvements in quality through 

increased prefabrication, improved logistics and improved building processes. The 

focused industrialized building; industrialized building of multi‐storey, 

timber‐framed buildings (hereafter referred to only as “industrialized building”) was 

started by small contractors who identified the opportunity to meet the quality and 

cost demands of professional clients (Tykka et el, 2010). These small firms 

developed the off‐site factory production of timber‐framed volumetric modules or 

flat elements (Tykka et el, 2010).  

Timber construction is not an eco-friendly solution to housing and is not very 

popular with the environmental conservation activists and green technology 

movements. Its demand is high and puts more pressure on the already depleted 

forests (Habitat, 1996). This ecological fact far outweighs timber as an ACT. It can 

however be supplemented by other alternative construction materials such as factory 

manufactured building products. 

 

Figure 2.8: Timber construction 

Source: http://www.heavytimber.net 

http://www.heavytimber.net
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2.7.3  Prefabrication  

Prefabrication encompasses the construction of all building components that are a 

part of a larger final assembly (Gibb, 1999).  Prefabrication is an offsite 

manufacturing process that takes place at a specialized facility in which various 

materials and building systems are joined to form a component or part of a larger 

final installation (Haas et al. 2000). Work is done at a remote location for increased 

construction speed and quality.  The types of prefabricated components vary based 

on size and complexity and based on the amount of labour required for onsite 

assembly.   

 

Figure 2.9: Low cost Prefabrication panels homes 

Source: http://blog.karmod.eu/low-cost-prefab-homes/ 

A study conducted at the Graduate School of the University of Clemson by Lu Na in 

2007 revealed that there are several perceived benefits and limitations to using 

prefabricated components (Lu Na, 2007; Haas et al. 2000). The survey received 

responses from a mixture of 138 practicing architects, engineers, and general 

contractors in the United States. The advantages of prefab houses, the manufacturers 

http://blog.karmod.eu/low-cost-prefab-homes/
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include shorter construction periods that save on labour costs and environment 

conservation by avoiding digging up the ground and wastage of construction material 

on the site (ibid). 

Some manufacturers for instance Economic Housing Group (EHG) say prefabricated 

timber houses can allow for up to 60 per cent saving on the total cost of the house 

(Daily Nation August 26, 2010). The company specializes in wood products and also 

claims they can put together a two-bedroom house, complete with furniture, in eight 

hours. Off-site manufacture of building components saves both time and costs. 

The benefits associated with prefabrication in the study by Lu Na, (2007) and Haas et 

al. (2000), revealed are; the reduced overall construction time and efficient 

scheduling due to parallel production activities; increased building quality and better 

craftsmanship; increased labour productivity; increased labour safety; reduced 

construction schedule; disruptions due to the use of a weather protected work 

environment and the minimal environmental impact of the construction process on 

the site. 

The constraints to using prefabricated components identified, included the effects of 

transportation restrictions on designs (Lu, 2007). Also the inability for changes to be 

made during the construction process, increased design costs and engineering work 

required upfront are also typically referred to as barriers to prefabrication (Haas et al. 

2000).  

2.7.4 Pre-fabricated wall systems 

Panelized wall systems consist of prefabricated or factory‐manufactured panels that 

form a structural envelope (Reichel, 2013). Typically, the panels are brought to the 

site as prefabricated wall, floor, and ceiling components that workers erect and join 

(ibid). Similar to conventional homebuilding, all electrical, plumbing and code 

inspections are completed on site. Published benefits include reduced on‐site 

construction time and reduced labour costs, increased product consistency, improved 

energy efficiency, increased soundproofing, resistance to natural disasters, moisture, 
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and rodent/insect infestation, and decreased noise pollution (ibid). Potential 

drawbacks include higher initial costs, which can vary based on the panel type; 

amount of customization needed, site proximity to a manufacturing plant, code 

acceptance, and increased design and engineering costs (ibid).  

 

 

Figure 2.10:  Pre-fabricated wall system 

Source: Energy Efficient and Green Technology Building Template Guide for the 

State of Maryland, 2007. 

SIPS are a type of high performance building panels used in construction of houses 

as floors, walls, and roofs components. The panels are typically made by 

sandwiching a core of rigid foam plastic insulation between two structural skins of 

oriented strand board or other materials. This technology has existed for over 50 

years, but has experienced rapid growth in the past five years; due mainly to 

utilization in Europe. In the USA, however, SIPS made up only 0.5 percent of the 

building market in 2005 (Mullens & Arif, 2006).  

Driving forces that encourage the use of SIPS technology include increasing global 

skilled labour shortages, recent research dedicated to hurricane resistant materials, 

and the movement towards sustainability. However, high uncertainties in costs, 

schedule, labour productivity, quality, safety, possible benefits, and waste involved 



31 

 

in the implementation of SIPS are believed to have discouraged its growth rate 

(Mullens &Arif, 2006). 

2.7.5 Modular Construction Method 

According to the Modular Building Institute, an industry trade group, modular 

construction is the process of building a structure off site, under controlled 

conditions, using the same materials, codes and standards as conventionally built 

facilities, in about half the time (Hardiman, 2014). Buildings are produced in 

modules that, when put together on site, reflect the design intent and specifications of 

the most sophisticated traditionally built facility (ibid).  

Modular consists of the use of large, three dimensional modules to construct homes. 

Modules are fabricated and assembled in a manufacturing plant and shipped virtually 

complete with exterior and interior finish, plumbing, wiring, and mechanical systems 

(Carlson, 1991). After transport to the construction site, modules are set on a 

permanent foundation using a construction crane and finished by the contractor. 

Completed modular homes must comply with the same building codes as 

conventional, stone built homes.  

Published benefits include reduced building time, built in a controlled environment, 

improved energy efficiency up to 30 percent savings in cooling energy use (Chandra 

et al, 1998; Mcilvaine et al, 2006), reduced material waste, and constant skilled 

workforce. Some of the drawbacks of the wide implementation of this type of 

building system are perceived negative stereotype, limited transportation, design 

variety, and regulatory requirements (Mullens, (2011).  

When building under controlled conditions, quality goes way up (Quirk, 2014). The 

off-site setting is a safer, more comfortable work environment that tends to attract the 

best workers. It also can provide quality assurance opportunities that may not be 

available at the site. For example, work crews can monitor connections on a factory-

built building facade to make sure joints are tight and waterproof, making it less 

likely the joints will fail in the field (Quirk, 2014). 
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The application of modular construction is most economic in the repetitive 

production of a large number of similar, often room-sized units where the economy 

of scale can be realized. Critical portions and service installations are made ‘off the 

critical path’ and where quality can be assured.  This is especially important for 

repetitive parts of the design, like patient rooms and bathrooms. If a design calls for 

200 rooms, "you can build 200 rights," particularly if you aren't working with several 

different framing, plumbing and drywall crews. "The more variables you have, the 

harder it is to have a consistent product," (Taylor, 2014). 

Third party vendors can provide expertise on specialized components. Purchased 

components can provide high-quality engineering and aesthetics, with a number of 

different finishes and other available design options (Palmer, 2014). Both speed of 

construction and improved quality create business-related benefits to the client by 

early return on capital invested, or less ‘down-time’ in use of existing facilities in 

building extensions. Modular construction reduces the time on site, is much less 

noisy and produces negligible waste. Furthermore, deliveries to site can be timed to 

suit the local conditions.  

In addition, buildings designed and built in a modular fashion are inherently 

adaptable. They have been described as the key to offsite construction techniques in 

UK because it offers customers distinctive advantages over traditional construction 

techniques in terms of labor productivity, project schedule, product quality and a 

safer working environment (Gibb, 2001). They allow easy and standard access 

during maintenance hence improves safety and sustainability. Modular construction 

is driven by the two key imperatives: to build quickly on site, and to improve quality 

by off-site activities. The factory building environment makes efficient use of labour 

and materials and can help to shorten the duration of a project, all of which add up to 

significant savings.  
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Figure 2.11: Modular Construction and low cost housing units 

Source: http://www.bauhu.com/style/images/art/bg2.jpg  

2.7.6 Three Dimension (3D) Panels Systems 

According to Journal of Material Science (2006), 3D panel system is an alternative 

building system using prefabricated polystyrene panels with wire mesh. It becomes a 

structural wall when concrete; Portland cement, plaster and stucco are put into place. 

Unlike other building systems, 3D Panel is an environmentally friendly product, 

withstands extreme temperatures and earthquakes and is a recycled green product. 

The 3D panel system comprises of Expanded Polystyrene (EPS) foam sandwiched 

between a galvanized steel wire mesh that is plastered on both sides by 

pneumatically spraying it onto the surface a process known as shoot concreting.  

The 3D Panel building system has tremendous flexibility; it can be used in place of 

wood or metal-framed walls, masonry block walls or pre-cast concrete panels. It is an 

excellent structural system that can be used in floors, ceilings, and roofs. The 3D 

Panel building system saves construction time while providing greater structural 

integrity. 3D Panel components are manufactured with all recycled plastics and steel 

wires. No forest products are used hence it is safe and friendly to humans and 

wildlife therefore considered eco-friendly alternative building system. (Sam Rhea, 

2004).  

http://www.bauhu.com/style/images/art/bg2.jpg
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For instance a standard two-bedroom house measuring about 100 square meters 

requires about seventy (70) panels each weighing 15 kilogrammes; meaning an entire 

house can be carried in a single lorry load. Despite the low weight, buildings 

constructed using the EPS panels are strong enough to withstand natural calamities 

better than houses build using the conventional stone and mortar. Also EPS panels 

can be used to construct up to twenty storey building structures. Mass production of 

factory houses using the EPS panels is expected to drastically reduce the cost and 

time taken to put up a house (Okumu, 2014).  

 

Figure 2.12:  EPS Residential house at Balozi estate, Nairobi 

Source: Primeventures International website 

Expanded Polystyrene (EPS) is widely available and is currently being used in many 

countries worldwide to provide housing. With developments in integrated computer 

design, engineering and manufacturing systems, the frame of the building is 

produced quickly and accurately within the controlled environment of a modern 

factory. With a fixed priced and timelines, it eradicates the possibility of increasing 

construction costs. 

2.8 Conclusion 

2.8.1 Theoretical Framework  

What is observed from the literature is that ACTs have various advantages. They 

have been used elsewhere to improve speed of housing delivery. In most instances, 
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the ACTs have been used to reduce cost of delivery of houses.  This is due to the 

efficiency in terms of increase in construction speeds, lessened project schedules, 

reduced site wastage and improved labour productivity. From the literature, it is also 

evident that the uptake and acceptability of ACTs is rather low, more so in Africa.  

The reasons for the low adoption rates have not been addressed; and especially so in 

the Kenyan context due to lack of historical data. 

2.8.2 Literature Gap  

The performance of the ACTs has however not been evaluated to find out their 

effects and impacts in the delivery of housing. This glaring gap has created the need 

to carry out post occupancy evaluation on buildings erected using ACTs. This 

evaluation process assessed the quality and physical characteristics to determine the 

weaknesses and strengths of ACTs. It assessed the users’ knowledge, perceptions, 

satisfaction and comfort levels of ACTs. It also assessed the economic benefits 

realized by the developers and contractors. It assessed the lessons learnt by the 

projects consultants. Finally, it interrogated the adoption constraints of ACTs.  

The findings would put into perspective the fears on quality and failure on reliability 

of ACTs as a means of housing provision. The findings would also put into 

perspective the economic benefits of the ACTs which would contribute to affordable 

housing delivery. Finally the findings will provide adoption guidelines to improve 

acceptability of the ACTs.  

2.9 Conceptual Framework 

Conceptual framework is defined as the result of when a researcher conceptualizes 

the relationship between variables in the study and shows the relationship graphically 

or diagrammatically (Mugenda, 2003). Based on the discussion of the various 

variables, the study was guided by the following conceptual framework. 
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Independent Factors                     Dependent                                                                                                

 

 

 

 

 Figure 2.13 Conceptual Framework 

Source: Own construction (2015) 
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CHAPTER THREE 

RESEARCH DESIGN AND METHODOLOGY 

3.1 Introduction 

Chapter two identified the gap in literature related to lack of evaluation on 

performance of ACTs in Kenya. This chapter describes the methodology used to 

collect data and to analyze it. The chapter is organized around five major topics 

namely: research design, research strategy, population, sampling techniques, research 

method, data collection approach, variables in the study and finally concludes with 

data analysis method.  

3.2  Research Design 

The research was an assessment of knowledge and information from the five selected 

cases that exemplified use of ACTs in their delivery. Therefore the research was 

designed to explore and evaluate the information from consultants, contractors, 

developers and users of the completed buildings. The study adopted cross sectional 

design to carry out the evaluation. This entailed collection of data on more than one 

respondent at any one selected case so as to collect a body of data related with more 

than one variable.  The data was then looked at in different perspectives and patterns 

of connection.  

Nevertheless the participants in this design needed to have met expert requirements, 

knowledge and experience with issues under investigation, capacity and willingness 

to participate, (Usman, Soomro, & Brohi, 2014).). What required being determined 

was the sample composition, the sample size, orientation; whether qualitative or 

quantitative, number of cycles for seeking data and the mode of interaction. The 

number of cycles for interaction was two and the mode of interaction was face to 

face interviews. Skulmoski et el (2007), qualified two cycles as adequate to allow for 

generalization. Moreover it gave a good spread for all categories that the study had 

targeted and was aimed at evaluating arising facts and information available to come 

up with critical conclusions (Maina, 2012). 
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3.3  Research Strategy 

The study adopted a case study design which combined quantitative and qualitative 

research strategies. The two strategies were employed to complement each other in 

covering aspects of the evaluation which would not have been sufficiently covered 

by either of the strategies if it were used alone. As explained in Bryman (2012), 

quantitative and qualitative research strategies can both be combined to complement 

each other. This strategy was also preferred since the aim of the study was to gather 

information from in-depth interviews with the respondents. The respondents had 

experience in using ACTs hence had valuable information required for this research 

(Bryman 2012).  

3.4 Population, Sample and Sampling 

3.4.1 Target Population 

Population as defined by Mugenda and Mugenda (2003) is an entire group of 

individuals, events or objects having a common observable characteristic. The target 

population for this study was building structures that have been constructed using 

ACTs within the Nairobi County for the last ten years. This is the period when there 

has been increase in construction of housing projects and application of alternative 

construction materials and new building techniques. A list comprising of sixteen (16) 

of housing projects and buildings constructed using ACTs within the Nairobi County 

and its suburbs; used as sampling frame,  is annexed as” appendix F”.  

 3.4.2 Sample and Sampling Techniques 

The study employed purposive sampling technique as part of a multi stage selection 

procedure. According to Mugenda and Mugenda (2003), purposive sampling is a 

sampling technique that allows a researcher to use cases that have the required 

information with respect to the objectives of a study. The population comprised of 

completed building projects where ACTs had been used within the Nairobi County 

was short listed from the Nairobi County City Planning Department register. The 
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study further selected the projects provided residential housing from the sample 

frame or population. This resulted in the five (5) study samples used as case studies. 

 Mugenda and Mugenda (2003) indicate that a representative sampling needs to be a 

minimum of 30 items. The five sampled cases had 63 participants who were 

considered for the interviews. These comprised of 24 consultants, 15 contractors and 

subcontractors, 5 developers and a representation of 19 building users. According to 

Warren (2002) and Bryman (2012), for a qualitative research to be published, it 

requires a minimum of between twenty and thirty interviews. The study therefore 

fulfilled this threshold.  

To test the validity and reliability of the interviews and availed data, the study sort 

two cycles for interaction and seeking data. Same questions were repeated to 

different participants in the study and their response documented. The pilot data was 

also used to validate the data collected at the later stage in the study. Archival data of 

the project was also used to confirm the accuracy of the data availed through the 

interviews and questionnaires.  

3.5 Research Method  

The research method used in this study was Delphi Method. This method is an 

interactive process to collect and distil the anonymous judgment of experts using a 

series of data collection and analysis techniques interspersed with feedback, 

(Skulmoski et al, 2007). It is an appropriate method when the research goal is to 

understand problems, improve opportunities and find solutions to problems. In this 

study, we needed to know how facilities constructed using alternative technologies 

had performed in terms of physical and structural characteristics which included 

weathering, defects, durability and aesthetics. Also explored were the social and 

economic benefits and the adoption rate of the technologies. The Delphi method 

helped uncover data on the lessons learnt by the project team and their effects on 

buildings built using the alternative technology.  
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3.6 Data Collection Tools 

The study employed the following data collection tools. These were:  

1) Documentary search: Archival - to obtain the constructions historical facts 

and information and manufactures’ information (construction techniques).  

2) Field data: two instruments were used;  

 Questionnaires 

 Checklists and observations 

The questionnaires were administered and dropped off in person. The process of 

answering the questionnaire was intertwined with a short interview with the 

respondents. Participants were allowed to refine their views as interviews progressed. 

They were provided with opportunity to clarify or change views to allow for 

qualitative analysis and interpretation of data. Rowe and Write (1999) describes the 

Delphi Method as a method where participants freely express respective opinions on 

decisions evaluated on own merit rather than individual who propose the idea. It is 

used as a structured process within which both qualitative and quantitative research 

methods are applied to answer many research questions as possible.  

3.6.1 Source of Data 

Data was sourced from the selected five (5) building projects used as the sample  

case studies described in the sample, sampling, and target population ‘3.4.2 above’.  

The buildings were selected because this is where alternative construction materials 

and technologies had been applied to provide residential housing 

The cases selected were: police housing scheme in Ruai, Nairobi which comprised of 

24 one bedroom, 16 two bedroom and 4 three bedroom bungalows units. All the 44 

units were delivered within a construction period of six months. EPS panels were 

used in both substructure and superstructure. Roof cover was standard IT 4 pre 

painted roofing sheets on normal timber carcass structure.  
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The second case constituted of ten town houses (maisonettes) in Balozi estate along 

Thika road, Nairobi. They were each delivered and occupied within a period four 

months. Apart from EPS wall panels, precast concrete hollow pot blocks were used 

for suspended slabs but without the standard reinforced concrete beams.  

The third case was a mixed use apartment block and offices in Roysambu, Kasarani 

Nairobi. This is a six storey structure built using EPS floor and wall panels. It was 

delivered within a period of seven months.  

The fourth case was extension of apartment blocks at Kahawa Wendani estate along 

Thika road, Nairobi. It comprises of three storey extension built using EPS floor and 

wall panels on an existing framed building initially in-filled with natural stones. The 

18 two bedroom units were delivered within four months.  

The fifth case was a block of flats comprising of 25 one bedroom units delivered 

within a period of twelve months in Githurai estate, Nairobi. It was a framed building 

but used precast concrete waffle slabs. The building was in-filled and partitioned 

with natural stones.  

3.6.2 Types of Data 

(a) Primary Data: Primary data was collected through questionnaires and face to 

face interviews.  Two rounds of interviews were conducted. The first round; the pilot 

interview, was undertaken with a few of the sampled respondents and the second 

round of interview with all the selected respondents in all the five selected cases for 

the study.  

The primary data collected was: 

1) Satisfaction and comfort level by users. 

2) Whether objectives of the user/owner had been met. 

3) Cost savings by developer e.g.  interest on borrowed funds  
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4) Defects on the buildings e.g. weathering, cracks, aesthetics, etc. 

5) Awareness level of the alternative construction materials. 

(b) Secondary Data: Secondary data was archival data which was collected in three 

ways; firstly, it was collected from the Physical Planning Department of Nairobi City 

County; secondly, archival information was obtained from both the developers’ and 

the consultants’ offices; and thirdly, archival data was obtained from the contractors’ 

records, construction drawings and the site works programme charts.  

The secondary data collected was:  

1) Type of construction method used to deliver the project. 

2) Type of construction materials used to deliver the project. 

3) Wastage component 

4) Construction periods of the facilities. 

5) Skilled and unskilled labour component used. 

6) Construction costs for different methods 

These combined methods were used in order to cross check the information obtained. 

This cross checking ensured that data was validated as reliable. 

3.7  Fieldwork Plan 

To gain access to information on the different alternative construction materials and 

technologies, the study selected five residential housing projects that have been 

constructed using ACTs within the Nairobi County. Through the Nairobi County 

Physical Planning Department, the researcher identified the buildings’ owners and 

the project consultants. The study obtained permission from the respective authorities 

to interview the people involved in the selected projects and the users of the 

facilities.  
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The researcher made telephone contacts with the respondents and contact persons, 

booked appointments, administered questionnaires and had face to face interviews 

with them. Face to face interview with the respondents was preferred since it 

necessitated probing of the interviewee to obtain exhaustive information (Bryman, 

2012). The interview period spread over 3 weeks. On average, two interviews were 

undertaken per day with the interviews taking an average of fourty five minutes.  The 

data collection involved specific narration of facts of each alternative construction 

method. It also included visitations and inspections of built facilities to establish 

physical conditions and characteristics concerning particular construction 

technology.  

The discussions and interviews with the building owners and users assisted in 

establishing the comfort and satisfaction levels. They indirectly verified the 

performance claimed by the alternative materials manufacturers. The discussions and 

interviews with the consultants, the developers and the contractors helped explain the 

detailed procedures involved for each of the construction method.  Indeed they 

directly verified and confirmed the findings gathered by the checklist. Data and 

information obtained was later verified with other participants in the same project. 

3.8  Data Analysis Procedure 

The data analysis procedure used was partially quantitative and partially qualitative. 

The collected data was transcribed on a daily basis and analyzed. Firstly the data was 

tabulated under different sub- themes that reflected the objective of the study. Any 

discrepancy in the data was crossed checked the following day by revisiting the 

building facilities. To enhance validity, the data was then again discussed by a 

selected group of participants. Their objective comments were used for amendments.  

The tabulated data was in a manner that it would easily be analyzed by the Statistical 

Package for Social Sciences (SPSS).  
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3.9 Ethical Considerations 

All the necessary precautions were taken to ensure that this study was conducted in 

an ethical manner. Four ethical considerations were made as follows:  

1) Firstly, JKUAT human research ethics conditions were satisfied and ethics 

approval obtained before the interviews were conducted in the field. This 

entailed clearance and approval of the research proposal by both the JKUAT 

Department of Construction Management and Board of Postgraduate Studies 

(BPS). Further, BPS appointed two supervisors to facilitate the study. 

Additionally, ethical procedures were strictly followed in the fieldwork. A 

plain language statement of invitation was sent to potential interviewees.  

2) The participants were informed about the purpose of the study beforehand. 

The major ethical issues that were addressed by the study included informed 

consent, privacy and confidentiality, as well as anonymity and researcher‟ 

responsibility (Ritchie, 2005). These documents are shown in as Appendix A, 

B1, B2 and C.  

3) Secondly, this study was officially authorized by the National Commission 

for Science, Technology and Innovation (NACOSTI) and the Nairobi County 

Government Authorities through the County Commissioner and County 

Director of Education and a research permit was granted. This authorization 

is shown as appendix D and E. 

4) Thirdly, all the transcriptions of statements made by the interviewees are 

what the interviewees actually said. The questionnaires are available and the 

data source documents are listed in Appendix F. 

5) Finally the researcher verified that all the references given in this study do 

actually say what the study report says they do. 
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3.10 Conclusion 

This study adopted a case study design with a multi-strategy approach, the choice of 

which was dictated by the research questions.  In this chapter, the research design, 

research strategy, data collection and analysis procedures, variables in the study and 

ethical considerations made in the study were elaborated. In brief, appropriate 

methodological procedure was followed in the study and they provided a strong 

foundation for the resultants observations. The next two chapters - chapter 4 and 5 - 

present the result of the data analysis.  
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CHAPTER FOUR 

DATA ANALYSIS AND RESULTS 

4.1 Introduction  

In chapter 3, the research methodology used in this study was discussed. This chapter 

presents the results of the data analysis addressing objectives 1, 2, and 3 stated 

section1.3 of chapter1. It also includes the interpretations and discussions of the 

study from the data collected.   

4.2   Response to Questionnaires  

The sampled cases had 24 consultants, 15 contractors and subcontractors, 5 

developers and a representation of 19 building users.  A total of 63 questionnaires 

were administered or sent out. The response rate was 57.14%, distributed as follows: 

13 consultants; 11 contractors and sub contractors; 5 developers and 8 building users 

who in 3 cases doubled up as the buildings maintenance supervisors. This fall within 

the acceptable minimum range of between twenty and thirty interviews for a 

qualitative research.  

4.3 Data collected  

4.3.1 Respondents’ experience with the ACTs 

Fifty seven per cent, 57%, of the participants revealed that they had experience with 

the ACTs for a period of 1 to 5 years. However 43% indicated that they had 5 to 10 

years of experience with the ACTs. The results are displayed in figure 4.1. 
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Figure 4.1: Experience with the ACTs 

Source: Survey Data (2015)  

These finding shows that some ACTs have been recently established in Kenya i.e. 

less than 10years. This is more pronounced in the EPS panel building system. The 

consultants and the contractors however were fairly well aware of the ACTs and had 

used the EPS panels and precast waffles slabs in other projects. The developers’ and 

building users had little knowledge of the recently introduced ACTs and most had 

not previously used them especially the EPS panels. The knowledge of hollow blocks 

and precast slabs was well known across the whole set of respondents. 

4.3.2 Type of building and materials constructed 

Out of the respondents, 71% who were the majority indicated that they had been 

involved in construction of residential buildings and 29 % in commercial building. 

The results are displayed in figure 4.2. Of the 5 cases studied, 3 cases were 

commercial buildings where in 1 case, precast concrete waffle slabs had been used 

for suspended slabs; and in 2 cases, EPS floor and wall panels had been used.  In all 

3cases, pre-painted roof sheets had been used as cover. The other 2 cases constituted 

of 44 bungalows and 10 maisonettes. EPS wall panels and pre-painted roof sheets as 

cover had been used in the 44 bungalows. In the maisonettes, EPS wall panels, 

hollow pot blocks - as suspended slabs - and sand coated tile profile roofing sheets 

had been used. Chapter 3.6.1 details each case.    
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Figure 4.2: Type of building constructed 

Source: Survey Data (2015)  

4.3.3 Type of Technology Used 

On the type of alternative construction technology used in other different projects, all 

the 13 consultants who responded indicated that they had previously used ACTs in 

other projects. The various types of technologies used included: pre-cast waffles 

slabs, hollow blocks and premix concrete but only 5 out of the 13 had previously 

used EPS panels, space frame technology panels, and EPS sandwich panels. All the 

11 contractors and sub contractors who responded indicated that they had previously 

used ACTs in other projects. The ACTs used included: pre-cast waffles slabs, hollow 

blocks and premix concrete; but only 6 out of the 11 had previously used EPS panels, 

space frame technology panels, and EPS sandwich panels. Only 2 of the 5 developers 

had previously used any form ACTs in other projects apart from the conventional 

stone and mortar. 5 users of the 8 had occupied houses where ACTs such as hollow 

blocks and pre-cast waffles slabs had been used, and only 1 had an earlier experience 

in house built with EPS wall panels.    

4.4 Performance of Alternative Construction Technology 

The respondents rated the performance of the alternative construction technology 

that had been used in constructing the buildings being evaluated in the study. This 
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was in terms of structural and physical characteristics, costs and installation process 

effectiveness. The visual observations noted by the study are also given.   

4.4.1 Physical and structural performance  

The respondents rated the physical and structural performance of the alternative 

construction technology used in the buildings under evaluation in the study in terms 

of quality and physical characteristics. The visual observations such as weathering, 

cracks, deformation, warping, sagging among others were noted. The results are 

given in terms of average mean as shown in table 4.1 below. 

Table 4.1 Performance of the Mentioned Technology 

Statement  Mean 
Aesthetics / beauty 4.1311 
Cracks 4.0992 
Structure 4.1429 
Sound proofing 3.7429 
Thermal insulation 4.0000 
Stability 3.9857 
User satisfaction 3.2090 

Source: Survey Data (2015)  

The performance rating was in a Likert scale of 1-5 where 1 is poorest and 5 is 

excellent. This means that the higher the average mean; closer to 5, the better the 

performance.  The respondents indicated that to a great extent the technology they 

had used had good aesthetics with a mean of 4.1311, good structure with a mean of 

4.0992 and good sound proofing with a mean of 4.1429. They also indicated that the 

technology used had good thermal insulation to a great extent with a mean of 4.0000. 

Had stability mean of 3.9857 and to a great extent too, the technology had a high 

user satisfaction level at a mean of 3.2090.   

The results suggest that facilities constructed using alternative technologies had 

performed well in terms of quality, physical and structural characteristics which 

included weathering, defects, durability and aesthetics. There were no visible cracks, 

warping or sagging noticed in the buildings. All the items rated obtained an average 
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mean above 3.2 which suggests good performance and an encouraging user 

satisfaction level. Good temperature control and sound insulation was an added 

advantage. 

4.4.2 Performance of the Technology in terms of Cost 

In terms of costs, the respondents rated the performance of the alternative 

construction technology they had used. The performance rating was in a Likert scale 

of 1-5 where 1 is lowest and 5 is very high. This indicates that the higher the mean; 

closer to 5, the higher the costs. The results are displayed in the table 4.2 below. 

Table 4.1 : Performance of the technology in terms of cost 

Statement  Mean 

Cost of construction 3.0000 
Speed of construction 4.4286 
Construction period 3.5714 
Cost of materials 4.1714 
Waste reduction 3.1429 
Financial returns 4.0000 
Maintenance costs 2.3571 
Variations in the construction 3.2414 
Better relationship with suppliers 2.4286 
Installation of electrical conduits 4.0000 
Installation of plumbing pipes 4.1429 

Source: Survey Data (2015)  

The results indicated that the technology they had used was high in terms of speed of 

construction with of mean of 4.4286. Additionally the results showed that the 

technology used was fair in terms of construction period at a mean of 3.5714. The 

technology used was high in terms of financial returns with a mean of 4.0000. The 

turnaround on borrowed construction finances was also reduced to a larger extent. It 

was also high in terms of installation of electrical conduits and plumbing pipes at 

mean of 4.0000 and 4.1429 respectively. Majority of the respondents indicated that 

the technology they had used was fair in terms of cost of construction and the mean 

was 3.0000. In terms of variations in the construction, the mean was 3.2414.  
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However it was observed that in terms of cost of materials, the technology used was 

high at mean of 4.1714. Nevertheless, the technology used was low in terms of 

maintenance costs at mean of 2.3571. In terms of better relationship with suppliers 

the mean was fairly low at 2.4286.  

High speed of construction result in reduced construction period, early delivery of 

housing which in turn leads early turnaround on borrowed construction finances. 

Reduced construction period means reduced overhead costs, salaries, and other 

charges related to time. The low mean rating in terms of maintenance indicates low 

costs of maintenance which is good for the developers and users. These combined 

aspects contribute positively towards economic benefits of ACTs. The mean of 

4.1714 in terms of cost of materials, shows that the technology used was expensive. 

This high cost contributes negatively towards the delivery of affordable housing.  

4.4.3 Technology and process effectiveness 

The researcher further sought to investigate the extent to which the respondents 

considered the technology used in their project as a relatively economic method 

Where; (1) No extent, (2) Little extent, (3) Moderate extent, (4) Great extent, (5) 

Very great extent. The results are displayed on the table below. 
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Table 4.1: Technology and process effectiveness

 Statement Mean 

Time schedule 3.2857 
Productivity 3.1867 
Quality control 4.4286 
Waste reduction 4.4286 
Better handling of materials 4.0000 
Transport aspect 3.8571 
Improving follow up and supervision 4.1429 
Efficiency 4.4286 
Output of labour crew 4.0000 

Source: Survey Data (2015)  

The respondents to a moderate extent considered technology used in their project as 

relatively economical method in terms of time schedule with a mean of 3.2857. 

Respondents to a moderate extent also considered the technology used in their 

project as relatively economic method in terms of productivity with mean of 3.1867. 

It was observed that to a great extent, respondents considered the technology used in 

their project as a relatively economical method in terms of quality control, waste 

reduction, better handling of materials, transport aspect, improving follow up and 

supervision, efficiency and output of labour crew with means of 4.4286, 4.4286, 

4.1429, 4.0000, 3.8571, 4.4286 and 4.0000 respectively.  

These findings show that the technology used improved time scheduling of the work 

hence high speed of construction, better handling of materials, reduced transport 

costs and improved productivity. High wastage reduction meant saving on materials 

costs, and increasing efficiency and better quality control.  The reduced time create 

business-related benefits to the client by early return on capital invested, or less 

‘down-time’ in use of the building. The contractor benefits from less labour costs and 

overheads. The follow up and supervision costs by consultants are reduced. 

Secondary data from manufacturers showed that off cuts materials can be re-cycled 

with minor adjustments and weight of materials low hence ease of handling and 

transport.   
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4.5 Economic impact. 

The respondents rated the economic impact of the alternative construction 

technology that had been used in constructing the buildings being evaluated in the 

study. This was in terms of quality performance and costing of constructions; effects 

and implications thereof. The secondary data obtained for instance drawings and 

programmes was noted and shared by the study.   

4.5.1 Quality performance of the technology 

The respondents ranked the quality performance of the alternative construction 

technology they had used. The performance rating was in a Likert scale of 1-5 where 

1 is lowest and 5 is highest. This shows that the higher the mean; closer to 5, the 

higher the issue affects performance of the technology. The results are displayed in 

the table 4.4 below. 

Table 4.3: Quality Performance of the Technology 

Statement Mean 

Time 4.6913 
Durability 3.7803 
Completeness 4.7343 
Consistency 4.7143 
Neatness 4.5714 
Compatibility with other services 4.2857 
Risk allocation 3.8571 

Source: Survey Data (2015)  

The results indicated that the quality performance of the technology was highest 

interms of time, completeness, consistency and neatness at the mean of 4.6913, 

4.7343, 4.7143 and 4.5714 respectively. It was also observed that the quality 

performance of the technology was high in terms of durability and risk allocation 

with a mean of 3.7803 and 3.8571 respectively.  
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This shows that in terms of time, completeness, consistency and neatness, the 

technology used performed well and had good compatibility with other surfaces. The 

mean of 3.78 in terms of durability showed that the respondents were not sure of the 

technology used since it is not well established in the construction which leads to the 

high risk allocation mean.   

4.5.2 Costing of the construction 

In terms of economic impact, the respondents rated the extent to which the listed 

statements influenced costing of the ACTs they had used. The results are shown in 

the table 4.5 below.  

Table 4.4: Costing of the Construction 

Statement  Mean 

Choice of work method 3.3810 
L  Labour 3.3124 

Selection of appropriate wastage allowance 3.4286 
Overheads 3.2571 
Weather 3.0000 
Foundation laid 2.7043 
Construction levies 1.5714 
Remoteness of the site 2.1429 
Design considerations (related to location) 1.7143 
Vandalism and site security 2.5714 
Power and Water 3.0000 
Construction equipment costs 2.7143 
Indirect Job costs 2.7350 

Subcontractor quotations 2.7143 

Contingency and risk allocation 2.2857 

Errors in estimate formulation 2.5714 

Basis of information used to formulate estimate 2.7621 

Market forces 3.0000 
Staging and project startup costs 2.1429 
Escalation  costs 2.5714 

Source: Survey Data (2015)  
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The results indicated that choice of work method, labour, selection of appropriate 

wastage allowance, overheads, weather, foundation laid, vandalism and site security, 

power and water, construction equipment costs, indirect job costs, subcontractor 

quotations, errors in estimate formulation, basis of information used to formulate 

estimate, market forces and escalation costs, influenced the costing of the 

construction to a very moderate extent as demonstrated by the average means of 

3.3810, 3.3124, 3.4286, 3.2571, 3.0000, 2.7043, 2.5714, 3.0000, 2.7143, 2.7350, 

2.7143, 2.5714, 2.7621, 3.0000 and 2.5714 respectively. 

Further the results revealed that construction levies, remoteness of the site, design 

considerations (related to location), contingency and risk allocation, staging and 

project startup costs with a mean of 1.5714, 2.1429, 1.7143, 2.2857 and 2.1429 

respectively, influenced the costing of the construction to a little extent.  

The low mean averages indicate that the costing of construction using ACTs is only 

moderately influenced by the auxiliary items raised. Nevertheless, managing a 

construction project typically needs a balance between the competing projects 

constraints not limited to: scope, quality, schedule, budget, resources, and risk PMI, 

(2008). Therefore activity-based costing is required on all the inputs to keep track of 

the total project expenses.  

4.6 Rate of Adoption 

The respondents rated the acceptance and adoption rate of the alternative 

construction technology that had been used in constructing their buildings. This was 

carried out in terms of evaluating the public knowledge on the technology, reception 

and utilization in other projects and finally as means of delivering relatively cheaper 

and affordable houses. General questions and opinions were sort from the 

respondents.   
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4.6.1 Public knowledge on the technology used. 

The study sought to establish the public knowledge of the technology used in the 

various projects. Where: Very little (1), Little (2),  Averagely well (3), Fairy Well 

(4), Very well (5). The results are shown below. 

Table 4.2: Public knowledge on the technology used in construction project 

Rate  Percentage 

 Very little 28.6% 

Little 57.1% 

Averagely well 14.3% 

Total 100.0% 

Source: Survey Data (2015)  

The majority, 57.1% of the respondents, indicated that the public knowledge of the 

technology used in their project was little. 28.6% rated public knowledge of the 

technology used to be very little and only 14.3 % of the respondents indicated that 

public knowledge of the technology used was averagely well known. This implies 

that the public does not have enough knowledge on the ACTs in use and the access 

to information about the technologies is inadequate.  

4.6.2 Adoption rate of the technology used in construction project 

The percentage of new buildings taking up alternative technology was assessed. 

Where: very low (1), low (2), average (3), high (4), very high (5). The results are 

shown below. 
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Table 4.3: Adoption rate of the technology used in construction project 

Rate  Percentage 

 Low 59.1% 

Average 27.7% 

High 13.2% 

Total 100.0% 

Source: Survey Data (2015)  

59.1% of the respondents indicated that the adoption rate of the technology used in 

their construction project as low. Respondents (27.7%) also indicated that there was 

an average rate of adoption of the technology used in their project. A small 

percentage of 13.2% of the respondents indicated that the rate of adoption of the 

technology used in their project was high. These results amplify the slow adoption of 

alternative building technologies. This could be attributed to the strong bias towards 

traditional materials and techniques, specifically stone and cement. It could also be 

due to the human nature of not wanting to change preference of status quo. Lack of 

awareness of the products could also be a contributing factor. 

4.6.3 Technology delivering relatively cheaper and affordable houses 

The study sought to establish how the respondents rated the technology used in 

delivering relatively cheaper and affordable houses. Where: (1) very low, (2) low, (3) 

average, (4) high and (5) very high. The results are shown below. 
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Table 4.4: Technology use in delivering relatively cheaper and affordable houses 

Rate  Percentage 

 Low 11.3 % 

Average 17.3% 

High 71.4% 

Total 100.0% 

Source: Survey Data (2015)  

71.4% of the study respondents rated the technology used in delivering relatively 

cheaper and affordable houses as high. 17.3% rated the technology as average and 

11.3% rated as low. This would imply that the public is interested in sustainable 

ACTs but there is a perceived higher initial cost of the construction materials. This is 

supported by the fact that over 83% of the respondents indicated that the price of the 

raw materials was high in their projects.  

4.7 Conclusion 

In brief three major observations have been made in this chapter.  

1) Firstly, the performances and characteristics data obtained shows very many 

advantages associated with ACTs. However, these social and economic 

advantages have not been well explained and articulated to the public.  

2) Secondly, housing output in Kenya is significantly influenced by the choice of 

building materials and ACTs offer different mode of housing delivery. The cost 

of raw materials was however found to be high. 

3) Finally, the rate of adoption and uptake level of the ACTs were found to be low. 

Public knowledge on the ACTs was also found to be low.  
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The lack of life cycle cost and benefit data therefore presents significant barriers in 

the implementation of these techniques. Managing construction projects typically 

needs a balance between all the competing projects constraints.  
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1  Introduction 

This chapter presents the summary of the findings, and also gives conclusions and 

recommendations of the study based on the objectives of the study. The aim of the 

study was to evaluate the performance of ACTs in Kenya. The specific objectives 

were to; assess the characteristics, quality and performance of building elements built 

with ACTs; describe the social and economic impact of ACTs and finally gauge the 

adoption rate of ACTs by developers, consultants and contractors. In addition, areas 

of further studies are also given.  

5.2 Summary of findings  

The study set out to investigate the physical and structural performance of houses 

built using alternative construction methods in Kenya. It also endeavoured to 

establish the economic benefits of ACTs in an attempt to provide affordable housing. 

The study was a post occupancy evaluation. It relied on both quantitative and 

qualitative research methods. Data was collected in Nairobi from police housing 

scheme in Ruai; selected town houses in Balozi estate, Muthaiga North, apartments 

in Githurai, flats in Kahawa Wendani and combined mixed use block in Roysambu. 

The various logistics involved and used in the construction of the projects were 

reviewed and interrogated. The uptake and adoption of the different technologies 

were also evaluated. Structured interviews with checklists were conducted in the 

selected study cases where ACTs had been used. The data collected was analyzed 

and the results presented in tables and figures.  

The results showed that 57% of the respondents had had experience with the ACTs 

for a period of 1 to 5years. However, 43% had 5 to 10 years of experience with the 

ACTs. This indicates that ACTs have being utilized by construction firms in Kenya 

for at least the last 10 years especially the EPS panel building system. The 
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consultants and the contractors were moderately aware of the ACTs and had used the 

EPS panels, hollow blocks and precast waffles slabs in other projects.  

It was also established that the developers’ and building users had little knowledge of 

the ACTs and most had not previously used them especially the EPS panels. The 

knowledge of hollow blocks and precast slabs was however fairly well known across 

the respondents. 71% of the respondents indicated to have had used ACTs to 

construct residential buildings. The various types of ACTs used in the cases under 

study included: pre-cast concrete waffle slabs, hollow blocks, premix concrete, EPS 

floor and wall panels and space frame technology panels.  

In terms of quality, physical and structural characteristics which include weathering, 

defects, durability, and aesthetics, the results showed that facilities constructed using 

alternative technologies had performed well. The buildings were firm and stable in 

structure. There were no visible structural cracks, faded painting, or sagged beams 

noticed in the buildings. The buildings walls built with EPS panels were said to have 

good sound proofing and good temperature control which resulted in increased user 

satisfaction. 

On the performance of the technology in terms of costs, the findings indicated that 

ACTs were high in terms of speed of construction. Additionally the findings 

established that ACTs were reasonable in terms of construction period. According to 

the results, ACTs used by various respondents were high in terms of financial 

returns. In terms of installation of electrical conduits and plumbing pipes, the 

performance was high. It was also noted that ACTs were low in terms of 

maintenance costs and in terms of better relationship with suppliers.  

High speed of construction usually result in reduced construction period, early 

delivery of housing which in turn leads early turnaround on borrowed construction 

finances. Reduced construction period results in reduced overhead costs, salaries, and 

other charges related to construction time. The low cost of maintenance is good 

tidings to the developers and users. These combined aspects contribute positively 

towards social and economic benefits of ACTs.  
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However, the high mean of 4.1714 in terms of materials cost indicate that the 

technologies used were expensive. This high cost contributes negatively to the cost 

performance of ACTs. Notwithstanding, the majority of the respondents indicated 

that the technology they had used was fair in terms of the overall construction cost. 

Also the turnaround time on borrowed construction finances was also reduced to a 

larger extent as a result of the high speed of construction. 

On the technology and process effectiveness; Table 4.3, .it was observed that to a 

great extent, over 80% of the respondents considered ACTs used in their project as 

relatively economic method in terms of quality control, waste reduction, better 

handling of materials, reduced transport costs of materials, improvement on follow 

up, and supervision, efficiency and in terms of output of labour crew and durability.  

These findings proved that the ACTs used improved time scheduling of the work 

during construction hence improved productivity. The reduced time created business-

related benefits to the client by early return on capital invested, or less ‘down-time’ 

in use of the building. The high wastage reduction and re-cycling of off cuts meant 

saving on materials costs. The contractor benefits from less labour costs and 

overheads, increased efficiency and better quality control. The follow up visits and 

supervision costs by consultants are also reduced.  

On quality performance of the technology, the results indicated that the quality 

performance of the ACTs was highest interms of time, completeness, consistency 

and neatness. This shows that the technology used performed very well and had good 

social benefits as indicated in the checklists and questionnaires. Conversely, the 

quality performance was also high in terms of construction material and risk 

allocation. This means in terms of durability, the respondents were not sure of the 

ACTs which have a short history locally and are not well established in the 

construction which leads to high risk and fear of the unknown. 

On the economic costing of the construction, the findings indicated that the choice of 

work method, labour, selection of appropriate wastage allowance, overheads, 

weather, foundation laid, vandalism and site security, power and water, construction 
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equipment costs, indirect job costs, subcontractor quotations, errors in estimate 

formulation, basis of information used to formulate estimate, market forces and 

escalation costs influenced the costing of the construction only moderately.  

Further, the findings revealed that construction levies, remoteness of the site, design 

considerations (related to location), staging and project startup costs influenced the 

costing of the construction to a little extent. This was an indication that ACTs could 

be relatively cheaper in terms of cost of the construction and applicable in many 

places. Nevertheless, managing construction projects typically needs a balance 

between the competing projects constraints however small and is not only limited to: 

scope, quality, schedule, budget, resources, and risk PMI, (2008). Therefore activity-

based costing is required on all the inputs to keep track of the total project expenses. 

On rate of adoption and public knowledge on the technology used in the construction 

projects, 57.1% of the respondents indicated that public knowledge of the technology 

used in their project was little and 28.6% rated public knowledge of the technology 

used to be very little. This implies that 85.7% of the public do not have enough 

knowledge on the ACTs in use and the access to information about the technologies 

is inadequate. These results amplified the low adoption rate of alternative building 

technologies in Kenya.  

5.3  Conclusion  

Construction projects require a wide range of inputs, from labour to various types of 

materials and tools. Identifying the exact cost of all inputs and activities for a project 

can be challenging but useful to keep track of the total project costs. Based on the 

findings, the study confirmed that ACTs have performed well in terms of physical 

and structural aspects. The houses built with ACTs were found to be firm, 

structurally sound and stable. The quality and functional performance of ACTs was 

found to be above 60% average. Uncertainty on ACTs materials quality, ACTs 

characteristics, house collapse and unknown failure fears, are cleared by the study 

findings. 
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The study findings were that there are several economic benefits achieved by ACTs 

during stage of houses. These competitive advantages of the ACTs could be used in 

reducing costs of housing provision. These cost savings should be transferred down 

to the house owner resulting in affordable housing. The study findings showed 

positive social impact data which could be utilized to improve ACTs uptake and 

enhance housing delivery.  

The study findings confirmed that the adoption rate of the ACTs was low in Kenya. 

Simple ignorance of ACTs has played a big part in the low adoption pace. The study 

concluded that effective dissemination and widespread adaptation of alternative 

technologies and materials is constrained  by  lack  of  knowledge and requisite  

skills  in  the  usage  of  alternative  building  materials 

The other factor contributing greatly to the low adoption and acceptability rate of the 

ACTs is the high costs of the raw materials. This has resulted in the public taking the 

technologies as not really being appropriate in terms of costs. Hence the paradigm 

shift from the stone and mortar construction is taking long to be felt. The study 

concluded that lack of full project cost benefits arising from use of ACTs greatly acts 

as a barrier and contributes to the low adoption pace. 

The  safety  of construction  and  durability  of  alternative  building technologies is  

directly  dependent  on  the construction speed, waste reduction, skills  and 

competence of the labour. Therefore the use of alternative building process which on 

the overall is cheaper and fast in production will lead to promotion of provision of 

improved, affordable, quality and decent housing in Kenya. This will also lead to 

transfer of knowledge on available technologies and materials; enhance the rural-

urban balance in shelter delivery; promote wider use and adoption of alternative 

building technologies as well as serve as a vehicle for curbing mushrooming of 

slums, and in upgrading the existing ones.  
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5.4  Recommendations  

The study recommends periodic post occupancy assessment on buildings erected 

using ACTs. This will obtain performance data of their usage and as an approach to 

reduction of construction cost leading to affordable housing. The findings of the 

study should be applied in future projects as a way to promote adoption of the ACTs. 

In order to be more effective, the adopted standards and specifications for these 

alternative building technologies  have  to  be  complemented  by  corresponding  

adjustments in building codes and regulations, tendering and contractual documents, 

and codes of practice. There would be a danger, for  instance,  if  the  standards  for  

specific  alternative  building  materials  and  technologies  were  to  be issued  as  an  

independent  publication  without  cross-referencing  such  standards  in  other  

regulatory instruments which support the building industry. Widespread  adaptation  

of  alternative  building  materials  and  technologies  is determined  to  a large extent 

by the market conditions hence encouragement of their use is paramount.  

The study established the high cost of ACTs raw materials in Kenya. In light of the 

findings, the study recommends that the Governments be the enabler in housing cost 

reduction by subsidizing tax, zero rating or reducing tax for alternative building 

materials. Reducing materials costs and enticing local production would culminate in 

increased usage of ACTs, for both public and private stakeholders’ participation 

which would eventually bring cost of housing delivery.  

The study recommends the sensitizing and education of the public through open 

forums, printed pamphlets, show houses, physical demonstrations of construction 

speeds, active public participation and other promotion methods. The many 

advantages of alternative building technologies should be demonstrated, propagated 

and well articulated to the general public. This knowledge would encourage 

acceptability and adoption of ACTs. 



66 

 

As the main stake holders, the study recommends the suppliers, professionals  and  

developers  in  the  housing  sector  to  embrace  and  adopt  alternative building 

technologies and lead from the front.   

5.5  Further Research 

The study evaluated the performance of ACTs in Nairobi, Kenya. In the course of the 

study, it was observed that the following area relating to the ACTs need further 

research:- 

1) The unit cost benefits arising from use of ACTs. The consolidated unit 

costs of all the advantages and benefits resulting from the use of ACTs 

could be useful to the construction industry body of knowledge. 

2) The performance aspects of various technologies those are potentially 

viable for adoption in Kenya. This would widen the range of alternative 

construction materials being used locally.  

3) The efficiency levels exhibited by various alternative building materials 

already adopted and are in use in Kenya. This could determine the 

specification levels which may assist in reducing raw material production 

costs. 

4) Explore diverse ways of dissuading the public perception on the 

conventional construction methods and encouraging them to use ACTs for 

posterity sake and encouraging the paradigm shift.  

5) Explore mass production of low cost housing utilizing speed and labour 

efficiency as catalysts. 
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Appendix A: Interview Invitation Letter  

   

  

JOMO KENYATTA UNIVERSITY  

OF  

AGRICULTURE AND TECHNOLOGY  

P.O. BOX 62000-00200, CITY SQUARE NAIROBI  

TELEPHONE: (067) 52711 FAX (067) 52164 THIKA  

P.O. Box 66062       

                                                        00800, Nairobi  

Email: ngigip@yahoo.com    

Cell phone 0721 353 930  

  

Date: 8th October, 2015.  

Dear ………………………........................  

mailto:ngigip@yahoo.com
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Ref:  Invitation to participate in a Research Project  

My Name is Peter N. Ngigi, I am a Post Graduate student undertaking a masters 

degree in Construction Project Management at Jomo Kenyatta University of 

Agriculture and Technology, School of Architecture and Building Sciences, 

department of Construction Management. In partial fulfillment of the requirements 

for the award of the degree, I am conducting an ‗Evaluation of Alternative 

Construction Technologies in the Delivery of Affordable Housing in Kenya’.  

I am undertaking this research study under the supervision of Dr Stephen Diang‘a 

and Dr Ahmad Alkizim both of Jomo Kenyatta University of Agriculture and 

Technology. The project has been approved by Board of Post Graduate Studies of 

JKUAT. I am inviting you to participate in this research project.  

You have been selected to participate in this study as a stakeholder in one of the 

selected cases for the study. The aim of the study is to evaluate the performance of 

ACTs in Kenya. About sixty five respondents are expected to participate in the study. 

If you agree to participate, you will be required to attend a 25-35 minute interview on 

the performance evaluation of the ACTs. The interview will be conducted at your 

place of work or at a mutually convenient place of your choice.  

The specific objectives of the study are to: (1) Assess the characteristics, quality and 

performance of building elements built with ACTs. (2) Describe the economic 

impact of ACTs. (3) Gauge the adoption rate of ACTs by developers, consultants and 

contractors.  

Kindly consider my request.   

Thank you in advance.  

Yours faithfully,  

Peter N. Ngigi    
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Appendix B1: Questionnaire  

Respondent’s particulars  

  
1. Name and expertise of respondent:  

 ……………………………………………………………  

…. ……………………………………..…………………  

2. Experience with the alternative construction technologies:   

1-5 years    [   ]       5-10 years      [   ]    

11-20 years   [   ]       More than 20 years   [   ]  

3. Location of the project undertaken using an alternative construction technology  

………………………………………………………………………………  

4. Type of building constructed:   

a) Residential building       [   ]     

b) Commercial building - Retail  [   ]  

- Office  [   ]  

- Mixed use    [   ]                                         

 c)   Social building - Stadium    [   ]  

- Theatre  [   ]  

- Church         [   ]  
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d) Industrial building      [   ]  

e) Civil works        [   ]  

5. Type of technology used:  

...........................................................................................................................  

...........................................................................................................................   

6. On a scale of 1 – 5 where; (1) Poorest, (2) Poor, (3) Fair, (4) Good, (5) 
Excellent,   rate the performance of this technology in terms of the following 
aspects:  

  1  2  3  4  5  

Aesthetics / beauty            

Cracks             

Structure             

Sound proofing            

Thermal insulation            

Stability            

User satisfaction             
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7. On a scale of 1 – 5 where; (1) Lowest, (2) Low, (3) Fair, (4) High, (5) Very high,   
rate the performance of the technology in terms of the following aspects:  

  1  2  3  4  5  

Cost of construction            

Speed of construction             

Construction period            

Cost of materials             

Waste reduction            

Financial returns             

Maintenance costs            

Variations in the construction            

Better relationship with suppliers            

Installation of electrical conduits            

Installation of plumbing pipes             
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8. To what extent would you consider the technology used in your project as a 
relatively economic method? Use a scale of 1 – 5 where; (1) No extent, (2) Little 
extent, (3) Moderate extent, (4) Great extent, (5) Very great extent  

  1  2  3  4  5  

Time schedule             

Productivity             

Quality control            

Waste reduction             

Better handling of materials             

Transport aspect            

Improving follow up and supervision            

Efficiency            

Output of labour crew            

 

 

 

 

 

 

 

 

 



86 

 

9. Please rank the quality performance of the technology used in the building  using 
the scale of 1 – 5 where:   (1) Lowest, (2) Low, (3) Average, (4) High, (5) 
Highest          

          1  2  3  4  5  

Time                      ( )   ( )   ( )   ( )   ( )  

Durability         ( )   ( )   ( )   ( )   ( )  

Completeness       ( )  ( )   ( )   ( )   ( )  

Consistency           ( )   ( )   ( )   ( )   ( )  

Neatness         ( )   ( )   ( )   ( )   ( )  

Compatibility with other services           ( )        ( )   ( )   ( )   ( )  

Risk allocation       ( )   ( )   ( )   ( )   ( )  
 

10. To what extent did the following influence costing of the construction? Use a 
scale of 1-5 where; (1) No extent (2) Little extent, (3) Moderate extent, (4) Great 
extent and (5) Very great extent    

  1  2  3  4  5  

Choice of work method            

Labour            

Selection of appropriate wastage allowance            

Overheads             

Weather          

Foundation laid           

Construction levies               

Remoteness of the site             

Design considerations (related to location)            
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Vandalism and site security            

Power and Water            

Construction equipment costs            

Indirect Job costs            

Subcontractor quotations            

Contingency and risk allocation            

Errors in estimate formulation            

Basis of information used to formulate estimate            

Market forces            

Staging and project start up costs            

Escalation  costs            
 

11. How do you rating the public knowledge of the technology used in your project?    

Very little (1  ),  Little (2  ),  Averagely well  (3  ), Fairy Well (4  ), Very well (5  ). 

      

12. How would you rank the adoption rate of the technology used in your project?    

Very low (1   ),    Low (2   ),    Average (3   ),   High (4   ), Very high (5   ).   

 

13. On a scale of 1 -5, where (1) Very low, (2) Low, (3) Average, (4) High and (5) 

Very high, how would you rating the technology used in delivering relatively 

cheaper and affordable houses.  

 

 

                                                              
1 2 3 4 5 
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14. What would be your suggestions to reduce errors in the technology used?  

......................................................................................................................................... 

......................................................................................................................................... 

......................................................................................................................................  

  

15. What process improvement guidelines would you give to achieve better results?  

  

......................................................................................................................................... 

......................................................................................................................................... 

......................................................................................................................................  

  

  

  

  

  

  

  

Thank you for your co-operation and participation.  
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Appendix B2:   Checklist   

 tem  Description   Comments   

 Structure    

1 Substructure failure/settlement  

2 Superstructure structural defects : 
sagging/bent beams and columns 

 

3  Walls alignment: deflects/leaning  
/verticality  

  

4  Cracked walls    

5  Weathering – wearing away    

6  Roof structure     

7  Leaking roof cover    

  Finishes:    

8  Floors – chipped/cracked 
screeds/backing  

  

9  Wall – Cracked plaster    

10  Painting  - discoloured/faded    

11  Ceilings    
12  Doors    

13  Windows    

  Services defects     

14  Electrical defects:    

  -   Conduits    

15  Plumbing and Drainage defects    

  -   Pipework     

16  Built in fittings and fixtures    

   - Wardrobes     

   - Kitchen cupboards     
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 Appendix C1: Approved research letter from JKUAT Appendix C2: 
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Approved research Letter  

Appendix J: Factory panels Price list  
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Appendix  D :     Permit   
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Appendix E: Appendix NACOSTI Letter  
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Appendix F: Sampling Frame:  

Projects Constructed Using ACTs   (2004-2014)  

1. Silver Springs hotel extension (2007)  

2. Balozi housing (2005)  

3. Residential house extension, Ngei estate Lang‘ata road  

4. Residential maisonettes in Ongata Rongai  

5. Ruai police housing scheme  

6. Mixed use (office and apartments) Roysambu, Thika road  

7. Students hostels at state house  

8. Flats extension in Kahawa Wendani, Thika road  

9. Flats development at Githurai  

10. Conversion of school to hotel, Adams Arcade, Nairobi  

11. Office block in Kilimani, Nairobi, Lenana road – steel/glass  

12. Canadian Embassy extension, Gigiri, Nairobi  

13. Children housing in Ministry of Culture and Social Services, Kangundo road, 

Nairobi.  

14. Flats development in Ongata Rongai, Kajiado County.  

15. Residential maisonette housing in Kitengela, along Namanga road  

16. Residential bungalow housing along Mombasa road  
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Appendix G: Interviewed Respondents   

LIST OF INTERVIEWED RESPONDENTS  

Case study 
project  

  

 Consultants 

  Contractors  Developers  
Users/ 

Residents   Total  

Githurai Block        

of Flats   5  3  1  1  10  

Ruai Police        

Housing Scheme  2  2  1  3  8  

Balozi housing        

scheme  4  3  1  3  11  

Mixed 
development 
(offices &  

  

  

    

apartments)  1  2  1  1  5  

Kahawa wendani        

(flats)  1  1  1  -  3  

Totals  13  11  5  8  37  
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Appendix H: Costs Comparison  

Conventional and Alternative Construction Technology   

Secondary Data  

The conventional construction cost for residential houses in Nairobi averages KES 

38,250 per m² (The Quantity Surveyor, 2013). Comparatively, the construction cost 

per square meter using EPS wall panels is KES 25,520/- per m².  This means a 

reduction of construction cost by approximately 33% (Kenyan magazine ‗, The Joint 

Building Council price list October – December 2013)   

The construction of a square meter of wall using expanded polystyrene technology, 

material costs were KES 2,290/- and labour costs KES 1,500/- with an additional 

10% of total cost for contingencies, totaling to KES 4,169/- (Kageni, 2014).   

Construction of a square meter of wall using stone and mortar method, material costs 

were KES 1,360/-and labour costs KES 3,000/- with an additional 10% of total cost 

for contingencies, totaling to KES 4,906/-  (ibid)  

A standard fifty (50) square meter two bedroom house built with EPS wall panels is 

estimated to cost KES 700,000. This is before finishing (Kagai, 2014). It is nearly 

half the cost when using stones and bricks. Thus lowering construction cost by up to 

30%.  
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 Appendix I:  Manufacturers Data on Alternative Construction  

Technology   

Secondary Data  

Using EPS technology, a three bedroom stand alone house takes approximately 14 

days to build, a two storey maisonette can be built in 40 days and a five storey 

building takes approximately six months to build. Classrooms take as little as 10days 

(Boleyn Magic Wall (BMW) Panel Ltd.), a Panels Construction Company.  

A sample house has been built in Mlolongo area in Machakos County at a cost of 

Kshs. 18,000/= per square meter. Conventional building methods cost above Kshs. 

30,000/= per square meter for a standard building (B.M.W. Construction Co.). The 

above cost of construction is exclusive of the cost of fencing, septic tank, sewer line, 

and power supply and water connection. The rate also excluded transport costs of 

transporting the building materials from the factory.   
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Appendix J: Factory panels Price list  
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Appendix K: EPS Factory panels price  list  
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