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Abstract 
 
A domestic building’s fundamental purpose is to provide a comfortable environment, 

protected from the extremes of the climate, as well as respond to site, setting, and 

context. However, over the years, the building sector has become one of the largest 

energy consumption sectors (alongside food, and transportation) that together place 

a substantial and increasing burden on the environment [1]. The building sector, 

directly and indirectly, is itself responsible for 40% of the energy use, material use, and 

greenhouse gas (GHGs) emissions in the world [2].  

 

West Africa, like many other world regions has been facing serious challenges in 

attempts to meet sustainability goals, and adapt to the changing climate. One of the 

forms that this challenge takes is to actively threaten the regions current architecture 

practices. Modern buildings stand against the needs of the environment in which they 

reside therefore, making the design unfit for its context. Moreover, the increasing 

influence from Europe in building sector has undermined the prevalence of traditional, 

environmentally sustainable, structures in the region. However, all is not lost and these 

traditional forms of architecture still offer benefits, over Modern alternatives.  

 

For this reason, the hypothesis that indigenous architecture practices can be a solution 

to assist in reducing carbon emissions in the context of West Africa was formed. The 

results show that some principles that West African indigenous people  abide by do 

indeed reduce the amount of carbon emissions. Although there are limitations such as 

to the absence of information available for the West Africa region and lack of continuity 

in cultural practices due to colonisation, it is evident that sourcing materials locally is 

one of the keys to a sustainable built environment. The study concludes by affirming 

the hypothesis that West African typical traditional building techniques and design 

result in less environmental impact vis-à-vis Western architectural modes. 
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1. Introduction 
 

1.1 Background 

The phrase “sustainable development” can be defined in numerous ways. However, 

according to the United Nations, it is described as a development that meets the needs of 

the present without compromising the ability of future generations to meet their needs [4]. 

Other definitions directly focus on specific aspects such as environmental, socio-cultural, 

economic and all development policies [4],[6],[7],[8]. 

 

Within the architecture practice, a constructed building, particularly a family dwelling, is 

designed to provide a comfortable living environment that is sustainable and protects the 

users from the extremes of the climate. As well as this, it must respond to its immediate site, 

setting, and context [3]. However, over the years, the building sector has become one of the 

huge consumption sectors which places an increasing burden on the environment [5]. The 

activities within the building sector in developed nations are responsible for 40% of the 

energy use, material use, and GHGs emissions in the world [2]. As West African countries 

continue developing towards the same standards, this can further exacerbate climate 

issues.  In the case that all regions in the developing world increased their energy usage to 

the 2008 level of the developed world, their energy use would escalate to four times the 

current amount [9]. This change is incompatible with the sustainability goals written in the 

2015 (effective 2016) United Nations climate change treaty, the “Paris Agreement”, and 

ratified by all 17 countries in West Africa [14]. Although building technological standards 

continue to evolve over time, the current trajectory in which West Africa is headed, by 

mimicking European architecture, could cause further environmental consequences.    

 

The current planetary emergency defies humankind with a crisis that is environmental, due 

to the misuse of resources; social, because of the ascent of inequalities; and economic [15]. 

By continuing to consume these resources in large quantities, we risk material scarcity and 

many other threats to humanity [13]. This has not always been the case in the building 

industry however, vernacular architectural designs were built using indigenous knowledge 

by adapting to their surroundings and abiding by sustainable principles using local materials 

and technology [16], offering rational solutions to the harsh climate and human needs.  
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Within the built environment, it is sufficient to look to the past: instead of envisioning 

solutions, it can be reimagined through traditional examples [94],[95]. This paper proposes 

the hypothesis that cultivating sustainability practices in different disciplines does not always 

have to consist of new present-day solutions, instead we can look to the past, to more 

traditional examples of sustainable building. Hence the question: Can we use previous 

indigenous knowledge as a driver to reverse  environmental degradation? 

 

This research will focus on three countries in West Africa: Burkina Faso; Ghana; and Nigeria. 

The criteria for the selection of these countries included their similar policies, European 

influence, as well as the amount of documented architectural history currently available. 

 

1.2 Challenge 

This section depicts the central issue that this dissertation will address. Western Africa, like 

many other regions of the world, has been facing serious challenges in its attempt to adapt 

to the changing climate. One of the main contributors to these difficulties is the 

marginalisation of Africa’s traditional architectural knowledge [17]. Research demonstrates 

that western Africa was rich in traditional architecture, however, in the pursuit of being 

progressive in development and living standards, their architectural designs as well as other 

parts of their livelihoods have been increasingly Europeanised [10]. Traditionally, the local 

cultures within West Africa used sustainable resources for buildings, with construction 

characterised by cost-effective use of resources, use of easily accessible building materials, 

and design adapted to the African context [11]. However, the increasing influence from 

Europe in the building sector has endangered sustainable architecture, thus posing 

significant harm towards environmental sustainability [12]. In light of the above, should West 

Africa’s building sector continue to adopt practices of more Western and industrialised 

societies, there will be a further detrimental impact environmentally. Therefore, the present 

research has been organized to explore the possibility and feasibility of indigenous 

knowledge restoring sustainable architectural building practices in West Africa.  

 

There is a lack of written data that encompasses the history of West African indigenous 

dwellings. However, in parts of the western African region, the continuation of vernacular 

architecture has been passed on through generations.  

 

By isolating, identifying and cherishing the key elements that traditionally allowed for more 

sustainable dwellings, West African countries will have the ability to then fully incorporate 
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those elements and hence develop their architectural, built environment and construction 

sector in an environmentally-friendly way that also suits their particular climate, societies, 

culture, heritage, and economies. 

 

1.3 Aims and objectives 

As the title suggests, the following section states the intended outcome of this thesis and 

the purpose of the investigation.  

 

The aim of the current research is to explore the role and significance of traditional 

knowledge in promoting sustainability within the building sector of West Africa. This aim is 

fulfilled through the following objectives, namely to:  

 

I. explore the significance of traditional knowledge for the building sector of West Africa; 

and 

II. compare the traditional and modern buildings through empirical modelling and 

sustainability indexes to assess their impact on the environment. 

 

The main research question guiding this study is to investigate the characteristics of 

indigenous architecture, its positive and negative attributes, and how this can support future 

site-specific sustainable goals.  The supporting research questions are stated as follows. 

 

I. what defines west African indigenous architecture?; 

II. how does it differ from how architecture has evolved and adapted to the current 

climate and social needs?; 

III. how can indigenous knowledge further improve the built environment sustainability 

progress in western Africa?; and 

IV. what challenges are faced by reverting to indigenous architectural styles? 

 

This dissertation research topic builds on previous literature which defines a sustainable 

dwelling, indigenous knowledge on vernacular architecture, and refining the link between 

both concepts.   As global goals continue to promote fewer GHG emissions through policy 

and ratifying the environmental agreements.  it is important for communities to take action 

and adopt creative solutions to meet these targets. 
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This study's first step is to acknowledge the benefits and weaknesses of indigenous 

architectural history through identification of the varying building styles which informs the 

sustainability aspects of the West African built environment practices.  

 

The scope of this paper is limited to the west of Africa, particularly focusing on three 

countries and domestic constructions within this region. Due to the lack of documented 

information on historic dwellings, this paper encompasses a broad location with similar 

values. 
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2. Methodology 
 

2.1 Introduction 

This section addresses the approach taken in this thesis project. It explains the choice of 

methods used to explore the research questions and the reasoning behind this.  

 

In accordance with the interdisciplinary aspects of my educational path, and the modules I 

took part in during my degree studies, the strategy used for this research draws on 

knowledge gained in multiple university modules and independent research. These 

strategies include evaluating previous literature; reviewing policies; analysing the benefits 

of materials and design techniques using modelling software tools; and social exploration 

strategies. 

 

Furthermore, the purpose of this investigation is to address real-life sustainability problems 

within the built environment using the various methods listed in the upcoming sections. The 

strategy includes a combination of an overview of the previously published works relevant 

to the topic and software modelling to compare the energy and environmental performance 

of chosen dwellings. 

 

2.2 Literary review methodology 

A literature review is an extensive summary of written works that exists to strengthen the 

foundation of knowledge on a particular research topic [19]. This method is reported to 

facilitate an in-depth study of a topic, concept and idea [18].  

 

In order to understand the previous history regarding the built environment in western Africa 

the first research phase was included to determine the criteria for what defines indigenous 

architecture within the chosen countries. This identified key themes in previous literature to 

identify and evaluate the elements that are included in the design of indigenous dwellings 

and the ideologies that were implemented to make the constructions sustainable for the 

particular site and context. Examples of traditional buildings built by locals in the region were 

explored to further understand the logic behind the design.  

 

The selected literary works were limited to those written in English and available online due 

to the lack of access to physical libraries during the 2020/21 global pandemic. Material 
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explored particularly focused on villages that have been less subjected to Europeanisation 

as they are most likely to contain the last of indigenous architecture that remains. The initial 

stage of the literary review involved online searches of keywords in relation to the topic of 

indigenous architecture, comparing this to modern architecture. Following this, the abstracts 

of the texts were used as a deciding factor to ensure their relevance in contributing to the 

research outcomes.  

 

These literary works chosen were identified using resources from the University of Dundee 

Library (online), online search engines and journal databases. 

 

2.3 Policy 

The policy can be a huge driving force in implementing sustainability practices into various sectors 

[20]. To acquire knowledge into the legislative issues regarding sustainability in the built 

environment within the context of west Africa, this study uses a policy review methodology to 

analyse current actions and future plans in place that are framing the construction activities. The 

extent of this investigation covers macro to micro levels which includes global, Economic 

Community of West African States (ECOWAS), and country specific legislations.  

 

In addition to official documents, a revision of media articles and reports are used to  gather insight 

into the public, private and non-profit sectors. Further understanding was achieved by this, 

especially concerning how the concept of sustainability has been understood and implemented in 

Burkina Faso, Nigeria, and Ghana. 

 

2.3 Data collection 

This section covers the qualitative aspects of the research project. To get a full 

understanding of how indigenous knowledge can further improve the built environment’s 

sustainability progress in western Africa, it is important to find out what carbon qualities this 

style of architecture has. As part of this study, embodied carbon was focused on because 

this is a primary impact of construction. 

 

The information gathered in the literature review provides an insight into the materials used 

by indigenous tribes in Burkina Faso, Ghana, and Nigeria. An analysis of these materials 

was conducted using The Bath Inventory of Carbon and Energy (ICE) database to provide 

statistics used to calculate an estimated level of embodied carbon in a single-family dwelling. 
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This research was then repeated using the data input of a similar house designed with 

modern materials in West Africa. The results of materials used in indigenous buildings and 

modern-day buildings were collected and compared to confirm or dispute the hypothesis 

that reverting to indigenous architectural styles is more effective in combating 

decarbonisation. Secondary to this, estimations of the operational carbon factors such as 

transport, construction process, and other aspects relevant to sustainability were also 

considered.  
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3. Understanding the role of 
sustainability in the built 
environment 

 
Understanding the role of sustainability in the built environment The built environment can 

be described as "the human-made space in which people live, work and recreate on a day-

to-day basis" [21]. The term encompasses a vast range of major divisions such as 

architecture, engineering, policy, economy, energy networks, transport, urban planning, 

water supply, public health, sociology, and anthropology, among others 

[22],[23],[24],[25],[26]. Prominent features that directly affect sustainable development in the 

built environment include the cost of factors which include homes, buildings, streets, zoning, 

open spaces, transportation, and more. In other words, this can be defined as man-made 

elements that are created to support human settlements [27]. 

 

3.1 Relationship between: built environment and sustainability 

Current literature shows that the built environment is responsible for more than 33% of 

worldwide energy usage, the industry single-handedly produces almost 40% of worldwide 

energy related GHG emissions and, has so far depleted up to half of the total global raw 

material resources [90],[91]. This makes the sector the largest contributor to GHG emissions 

reducing these statistics is, therefore, a key solution to mitigating climate change. 

 

In spite of these grave statistics, the destructive trend of exploiting the natural reserves 

continues.  Its adverse consequences on the sustainability of the planet are also affected by 

the need for broader urban areas, increasing the pressure on the built environment sector. 

The significant drivers for outstanding growth yet to come in the urban communities are the 

rising total of the world's population, fast-growing cities in developing nations, longer life 

span of humans which increase the need for residential buildings, and modernised family 

structures. Therefore, in order to preserve the earth for future generations and tackle the 

current climate emergency, there is a need to prioritise the shift towards a resilient, inclusive, 

healthy, sustainable, and zero-emissions built environment. Enforcing better sustainable 

practices in the built environment sector will provide a healthy community for its inhabitants 

and contribute towards achieving the global sustainability goals [92].  
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The knowledge to build sustainably is available. Yet, it is an exemption and not the 

benchmark criteria in the modern world [93]. There is, however, a lack of emphasis on 

calculating how buildings perform in relation to carbon emissions generated by material use 

known as ‘embodied carbon’ and carbon emissions produced during the use phase of a 

building which is known as ‘operational carbon’ [97].  

 

The solution to improve sustainable development depends on design strategies [98]. In the 

preliminary stages of design, environmental aspects regarding weather inputs are a huge 

factor in decision making [93]. In the case of West Africa, by mimicking architectural styles 

of other continents, they risk retrogression as the rest of the world advances in the fight 

against the climate crisis [9]. Therefore, there is a gap in research to support sustainable 

architecture in West Africa.  The simplicity in passive design solutions, e.g. in indigenous 

architectural buildings, can greatly reduce the impact on climate. To successfully transition 

back towards sustainable environments, it is necessary to understand the impact of built 

environments on climate and sustainability goals. This paper compares the collective use of 

building-related embodied and operational carbon in Traditional and Modern dwellings. 

 

Aside from societal pressures to implement more sustainable architectural practices, action 

is still required from manufacturers, constructors, and urban planners within the public and 

private sectors to advance the rate of change more rapidly. This means that professionals 

and their clients will consider measures for decarbonization in future development, 

renovations, and the replacement of materials to reduce their carbon footprint. 

 

3.2 Emboddied carbon 

The structural elements of an architectural design can contribute up to 80% of a building’s 

embodied carbon. However, to thoroughly explore this, the origin of the raw materials used 

is the first point to address, as this important decision affects the entire life cycle from the 

use-phase of the building to waste and disposal [97]. Making embodied carbon the main 

focus when designing a building can greatly reduce the extent of emissions caused by the 

built environment. In the bid to reduce the climatic impacts of the built environment, a few 

methods have been embraced.  These include designing:  

 

• with less material;  

• for reduced disposal; and 

• to increase the life span of a building. 
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With this information gathered, it has become clear that buildings can reduce their carbon 

footprint by up to 10% with the use of recycled materials instead of facilitating extractions of 

virgin materials [97]. The simplicity of the material composition used by indigenous people 

in West Africa can be a solution to this issue as it can be easily recycled and features waste 

upcycling [79],[99]. However, the carbon involved in the collection, transport, and processing 

of building materials must also be considered when investigating the reduction of the carbon 

footprint within the building industry. 

 

3.2.1 Circular economy 

The concept of a circular economy evolved from the need to reduce embodied carbon.  The 

ideology supports the notion that every material is capable of providing relevant value to a 

new cause after its current function has ceased. This is how natural elements on earth 

operate i.e., the infinite nature of energy, meaning if something dies it gives new life to 

another [100].  

 

‘Cradle to grave’ is a term used to describe the linear system currently adopted by the 

modern era; it can be further explained by where humans take resources, make structures 

that add value to their high standard of living, then dispose of it at the end of the building 

lifecycle. 

 

 
Figure 1 Illustration of take-make-waste. Source: Author 

The aim of the circular economy principle is to create a cycle where buildings are designed 

for their purpose and use-phase in a way that minimises disposal. Therefore, keeping the 

embodied carbon in a continuous loop. 
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Figure 2 Phases of a CE when transitioning from a linear system. Source:  Author 

The figure above clearly separates the different key phases of a circular economy when 

transitioning from a linear system. It also highlights the shift of responsibility from 

manufacturer to user, and finally waste management. In an ideal circular economy, the use-

reuse loop will be constant. Therefore, significantly reducing the amount of carbon produced 

in the overall lifespan of buildings over several generations [101]. 

 

3.3 Operational carbon 

Tackling sustainability covers a wide range of factors that are all intertwined and have an 

effect on one another. The use phase of a building can be affected by the strategy used in 

the initial design and construction.  These impacts include, but are not limited to, the 

following factors; 

 

• Poorly selected materials affect the thermal qualities of a building. Therefore, 

increasing the amount of energy used for heating and cooling [106]. 

• Reduction in biodiversity that naturally encapsulates the planet's carbon and absence 

of green areas is one of the causes for temperature increase resulting in a rise in 

electricity usage [107]. 

• Increased energy for maintenance. For example, a switch from carpet to hardwood 

flooring can greatly reduce the carbon emissions produced [108]. 
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• Required transportation. The proximity between homes and other key buildings in the 

community will reduce the need for automobiles which is the second largest cause of 

carbon emissions [101]. 

 

It is evident from reports and studies that materiality and embodied carbon affect the 

operational carbon in a buildings life cycle as well as other sectors. Responsibility must be 

taken to optimize decarbonisation in the built environment in order to implement sustainable 

development as it is one of the core issues currently faced. The aim of this paper Is to add 

to the research available, particularly in the West African context, to facilitate the change 

towards a more sustainable built environment. 
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4. Background history of 
indigenous West African 
architecture 

 

4.1 European influences  

This section is an introduction to the history of Residential buildings within the region of West 

Africa. Firstly, the general influence of Europe on West Africa's build environment will be 

addressed. Following this, as Africa covers a vast number of countries and cultures, the 

study will highlight important milestones in the development of building practices in Burkina 

Faso, Ghana, and finally, Nigeria.  

 

Indigenous knowledge can be described as “a historical continuity of resource-use practices 

often possesses a broad knowledge base of the behaviour of complex ecological systems 

in their own localities” [37]. This information tends to be gathered through a long series of 

investigations and inspections passed down from one generation to another, in an effort to 

cope with their own agroecological and socio-economic environments [38].  Their practices 

allow for the conservation of techniques and specific skills, through a trial-and-error process 

over a long period of time thus proving their intimate relationship with their surroundings and 

expertise in the methods they implement [37]. It also demonstrates sustainability as these 

practices have successfully met the needs of the communities for multiple lifetimes. It is that 

the ideologies of West African inhabitants worked well for the community during that 

previous era and were adaptive to their lifestyles.  The information used to establish building 

methods and materials was chosen due to the specific needs of each region. 

 

New technologies and influences from other parts of the world, however, have resulted in 

designs that are not fit for purpose in the context of West Africa,  and include material 

combinations that are less environmentally friendly [96]. It has been a deceptive 

'improvement' of indigenous knowledge that has progressively distanced architecture from 

its original purpose - to adapt to the environment and community which it shelters.  

 

In the late 19th and early 20th century, colonization took place in various African countries. 

During this time in history, Europeans established control over West African territories. As a 

result, these countries lost major parts of their cultural identities and were forced towards 
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Europeanisation [28],[34]. This affected different parts of the livelihoods of West African 

communities including the buildings in which they lived in [35,36]. The figure below shows 

the stark disparities in between urban settlement plans before and after colonisation. It is 

apparent that West African stripped of its organic nature to conform with a rigid design that 

works against nature.  

 

 

Figure 3 Typical housing layouts in Jos, Plateau State. (a) Typical Berom compound layout in Jos; (b)Typical 

Miango compound layout in Jos. Source: Rikko and Gwatau, 2011. [102] 

Urbanization, change in social construct, and the introduction to western education have 

made imported concepts part of West Africa's history. This clarifies the reason behind the 

disappearance of the indigenous social construct, Cultural expression through architecture, 

and urban planning [102]. The overall experience of colonisation created a major 

dependency on Europeanised influences which does not suit the African context - therefore, 

unsustainable.  The disparity between traditional and modern structures is much larger 

where industrialization and cultural impositions have taken place.   

 

In addition to many of these post-colonial, modern structures in west Africa being unable to 

adapt to individualised climate needs. These countries are suffering from natural disasters 

such as desertification in Burkina Faso; flood and population growth in Ghana and Nigeria; 

amongst other issues such as health problems, loss of biodiversity, and increasing economic 

debt [29,30,31,32,33]. This information highlights the urgency of the current research into 

the re-visitation of indigenous knowledge in order to gain insight into methods that were 
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previously successful in adapting to the West African climate. By expanding on the 

traditional approach to sustainability, this will in turn challenge the influence of 

Europeanisation in this journey, restoration of a healthier environment, society and 

economy. 

 

To gain a full understanding of West African Architectural history, A country-specific literary 

review follows which elaborates on the specifications that can be used to define the vast 

variety of indigenous West African architecture. 

 

4.2 Burkina Faso 

 

Figure 4Map of Burkina Faso. Source: Britannica.com [41] 

A previous French province, Burkina Faso acquired independence and was named as 

‘Upper Volta’ in 1960. The name Burkina Faso, which signifies "Land of Incorruptible 

People'' was embraced in 1984 [40]. Burkina Faso is a particularly unique country to explore 

as 70% of its residential buildings are traditional earthen constructions in rural areas [39]. 

Situated in the Sahel area, Burkina Faso encounters a portion of the world's most 

revolutionary climatic changes, from outrageous dry spells to extreme flooding [42]. This 

shows that immediate action is imperative, there is a necessity for research to identify an 

architecture style which is responsive, and adaptive in relation to the surrounding context. 

 

Gaining information from the sustainable attributes of vernacular architecture in Burkina 

Faso is important to improve the current ecological crisis we face; it appears to be more 
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challenging in societies where a cultural dissimulation has occurred. Prior to European 

exploration, various cultures lived within this region. Although they lived in close proximity 

which resulted in access to the same natural resources and climatic demands, factors such 

as social systems, language structure, religious beliefs and political views differed. These 

individualities were evident in the development procedures, building typologies and social 

gathering frameworks within the country [43].  

 

Different investigations have been conducted to further understand the selection of building 

materials and strategies utilized while constructing different kinds of structures in Burkina 

Faso. Previous research has indicated that two kinds of building materials  were used 

primarily by the indigenous people of Burkina Faso, for hundreds of years [63]. These 

materials consisted of clay, cow compost, and other organic elements. 

 

4.2.1 Clay buildings  

The region of Tiébélé in Burkina Faso was occupied by the Kassena tribe, of the more 

noteworthy Gurunsi ethnic group from both Ghana and Burkina Faso. There, hand-painted 

houses date as far back as the fifteenth century. These basic yet elaborate constructions, 

called ‘Sukhala’, are found in the community leader’s compound and were painted by 

Gurunsi ladies, while the men typically constructed the structural parts of the building [70]. 

Materials like mud, chalk, earth, coal, and an enamel, produced using beans, were utilized 

to make the dark, white, beige, and red designs. (See figure 5 below) 

 

 

Figure 5 Painted clay building in Burkina Faso. Source: [70] 
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This style is unique to this particular area, however, It is not capable of achieving as much 

diversity in style as a building designed with modern strategies. Further research is required 

in this area as indigenous architecture may no longer be accepted by the locals due to its 

lack of aesthetic variance.  

 

Although the building may not meet the standard of the modern-day person in Burkina Faso, 

the main building material, clay, may not be as outdated. Clay is used in many countries as 

an architectural medium particularly for its thermal qualities [64]. The general simplicity of 

which earth can be easily sourced in West Africa suggests that utilizing locally available 

material may reduce transport emissions significantly. Clay, therefore, should be considered 

as a sustainable choice of material in the context of Burkina Faso. (This theory will be further 

developed in quantitative research section of this paper).  

 

4.2.2 Compressed earth blocks   

In Ouagadougou village, Burkina Faso, houses made of formed earth blocks represent 

around 24% of dwellings [68]. The earth material needed for making these structures are 

sourced from local quarries which drastically reduces carbon emissions in the life cycle 

analysis of the material. The blocks are produced using the mix of clay, water and 

sometimes, straw is included in the composite material to increase durability. It is commonly 

modelled into a block using wooden frames [65].  

 

Occasionally, cow compost is used for its binding qualities, insulation properties, and ability 

to create a smooth finish. As an added bonus, it also possesses antifungal and antiseptic 

properties which positively impacts the health of locals [66]. It is evident that these practices 

have been tried and tested by indigenous people in efforts to upcycle a waste product (cow 

compost). This is knowledge is an archaic practice that has been explored for many years 

and can be of great benefit in the present day. 
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Figure 6 Moulded earth houses.  Source: Hema, 2017 [68] 

A more recent approach to building with clay can be seen in the use of compressed earth 

blocks for building (CEB). This compost material which consists of earth mixed with water 

and an organic material such as straw or dung can also be referred to as adobe blocks in 

literature [67]. The guidelines for strategies to compact the organic material and optimal 

particle size to produce good quality construction of CEB structures are provided by 

CRAterre research laboratory [68].  

 

Regular dimensions of adobe blocks are typically either 11.5 cm3 or 9 cm3. These 

measurements provide optimal strength to wall thickness ratio. Moreover, the varying 

thickness of blocks also depends upon the apparatus used. These walls are usually not 

cladded. Elements of the structure such as the roofs are inspired by modern architectural 

styles [68,72]. This is an example of a hybrid construction that includes organic materials 

sourced sustainably however, factors such as the need for cement and steel which are 

unsustainable materials, to enhance the load bearing properties if CEB, bearing reduces the 

positive environmental qualities of the architectural style [69]. 

 

 

Figure 7 CEB house. Source: Forke, 2017 [69] 



… 25 

This indigenous building style therefore challenges the hypothesis that indigenous 

knowledge can be the sole answer to sustainability in the built environment because issues 

such as strength to weight ratio; lack of ability to achieve multiple storey housing; wall span 

capacity and building maintenance can be easily resolved using modern techniques. 

However, it could also be argued that these attributes are not required by locals in West 

Africa and that more hybrid sustainable methods have not yet been trialled.  

4.3 Ghana 

Although this paper addresses West Africa as a whole, this is a vast region which represents 

many subgroups that encompass varying, despite, similar practices. This is evident arcross 

the  traditional development styles typically found in these areas. 

 

Figure 8 Map of Ghana Source: Britannica.com [71] 

Ghana is located on the coast of the Gulf of Guinea. It is important to note that it occupies a 

smaller area and a lower population of 31,508,000 inhabitants in comparison to Burkina 

Faso and Nigeria.  Ghana is one of the main nations of Africa, mostly because of its 

extensive wealth and its achievement to become the first black African country of the Sahara 

to achieve independence from colonial leadership. Ghana is additionally celebrated for its 

rich history—its residence dating from 10,000 BCE—and as an extemporary repository of 

cultural heritage [71]. 

 

The historical background of vernacular structures which are unique to the Ghanaian context 

can be partitioned into two areas. The principal factor is the materials that were available to 
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the locals within the area. This set a boundary regarding the material qualities and the kinds 

of construction that could be achieved. The primary factor includes the traditional 

construction methods used to execute the elaborate architectural designs.  

 

4.3.2 Materiality  

The building materials utilised in indigenous Ghanaian architecture include the following; 

 

Bamboo is one of the most generally accessible materials that have a low environmental 

impact in comparison to modern material choices of materials [73]. It was commonly used 

in Northern Ghanian architecture due to its hollow tubular structure that provides a great 

strength to weight ratio which is a beneficial attribute in the built environment sector. In 

addition to this, bamboo is an economically efficient product due to its locality, quick growth 

and harvesting period. [74].  

 

Timber is another broadly accessible material in Ghana and has been utilized in sustainable 

development for many years [83]. It is used for aesthetic, non-structural elements such as 

cladding, floor finishes, roof construction, as well as load bearing walls. Evidence from 

previous literature suggests that timber is one of the few materials that can sequester carbon 

[93] and it is more resilient to harsh climates in comparison to other buildings constructed 

through conventional materials; however, its fire-resistant qualities are a con. [75],[76].  

 

Similarly to Burkina Faso, Clay and earth is a material that has been used by indigenous 

tribes in Ghana [77]. The organic construction material consists of clay blocks, laterite, clay 

soil, and rammed earth [78]. Although this can be sustainably sourced and have a natural 

ability to absorb and release moisture from the air and regulate humidity, it is susceptible to 

deterioration when exposed to direct moisture. In order to stabilise this material to prolong 

its life span, cement is required [69]. This fact challenges the ideology of returning to 

indigenous knowledge for all aspects of design and construction, as it is evident that it 

structures require utilisation of modern day materials, such as cement, in order to maximise 

their lifespan. 

 

Thatch is a tightly intermingled layer of living and dead stems, leaves, water reed, sedge, 

rushes, heather, or palm branches, which accumulates between the layer of actively growing 

grass and the soil underneath. It is a traditional material used for roofing in West Africa. 
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Particularly Ghana and Nigeria due to its ability to utilise a waste material and shelter 

inhabitants from rainwater [79],[80]. 

 

 

Figure 9 Thatched roofs construction. Source: Danja, 2017 [87] 

The building materials that were used in traditional buildings in post-colonial Ghana were 

sourced and constructed sustainably. This is more efficient than more modern Europeanised 

architecture particularly in the context of West Africa that does not meet Ghana’s social and 

climate needs. It is important to note that traditional materials are not as durable as modern 

materials which increases demolition rates, meaning that the indigenous architecture fails 

to be a cost effective and long-term sustainable solution. 

 

4.2.3 Construction methods 

As seen in Burkina Faso, adobe construction is a method also used in Ghana. This is an 

efficient method for construction in developing countries that suffer from economic and 

labour hardship [80]. Its cost effectiveness is fundamentally credited to the wide accessibility 

of material in the local area. less distance to travel equates to less carbon emissions [115]. 

Furthermore, this method is advantageous to the built environment as it does not involve 

any elaborate processes. 

 

 

Figure 10 Adobe construction in Ghana. Source: Agyekum, 2020 [80] 
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Using the Adobe method, the building’s foundation and later, its walls, take a circular shape 

as this is easier to achieve. [81]. 

 

Wattle and Daub is another building technique used in olden day, Southern Ghana. Using 

this method, the layout of the structure is planned out, followed by vertical props inserted 

into the base and secured with stones. Then, the composite earth material is added. 

Although African indigenous knowledge can be viewed as unsophisticated [81], This method 

shows the ingenuity in their practices as this method creates a structure that has a low 

carbon impression, as well as protects it is well suited for earthquake prone areas [82]. It is 

evident from the visual’s provided that the locals are experts in their environment and tackle 

sustainability and climate adaptation through their architectural designs. 

 

 

Figure 11: Wattle and Daub in Ghana. Source: Agyekum, 2020 [80] 

Rammed earth, as its name suggests, is a construction method that adapts the strategy of 

compacting in different layers of material. In the local language, this method is known as 

‘Atakpame’ and this name is given to this construction method because of its association 

with the Ewe ethnic group who live in the west African countries - Benin, Togo, and Ghana. 

This method possesses low embodied energy, minimal waste, and great thermal quality 

attributes [80]. 

 



… 29 

 

Figure 12 Rammed earth construction in Ghana. Source: Azure magazine (2019) [110] 

Common themes across these three countries studied are locally sourced materials and 

similar construction methods which can be simply easily applied by local builders to 

construct new dwellings. These structures naturally possess sustainable traits. Further study 

is required to determine the overall environmental impact of traditional buildings from 

resource mining to the end of its served purpose as a construction material. 

 4.4 Nigeria 

 

Figure 13 Map of Nigeria. Source: Britannica.com [85] 
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Nigeria is a country made up of many tribes that originally did not share the same language 

or culture. It was created as a result of European imperialism [83], established as one single 

British colony in 1914 from the union of two smaller ones, gaining its independence on 

October 1st, 1960. For this reason, Indigenous designs vary in the region. The main tribes 

include Yoruba, Igbo, Fula, Hausa, Edo, and Ibibio, but this is to name just a few from the  

hundreds of tribes present in the modern day country [85].  

 

4.4.2 Defining feature  

The northern part of Nigeria is mainly inhabited by the Fula and Hausa tribes. The 

indigenous architecture in this region is unique for its engravings and elaborated symbols. 

This is one of the most defining features of Nigerian dwellings and elements of this remain 

in modern designs. 

 

 

Figure 14 Engravings on Nigerian architectures. Source: Agboola, 2014 [86] 

Engravings are one of the oldest features of Nigerian buildings. Tools are used to create 

slitting artistic expressions across the hard and flat surfaces by making grooves into it. These 

engravings require skilled traditional builders who have acquired mastery through 
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apprenticeship from elders in the community – passing on from one generation to another 

[86]. This information is relevant to depict features that identify indigenous buildings. 

 

4.4.3 Materiality  

The materials used in Nigeria are similar to the rest of West Africa. These consist primarily 

of earth, reeds, grasses, stones, and timber which shows that there is a similarity in the built 

environment sector across the region [87],[90]. The indigenous knowledge of sustainable 

practices was utilized in all aspects of traditional architecture however, in modern day 

Nigeria, buildings resemble neo-classical European architecture.  This can be characterized 

by the geometric configuration, grandeur of scale, symmetry, and materials used. 

Unfortunately, the previous sustainable options have been replaced with cement, sand, 

glass, and concrete, that are jeopardizing the quality of life and sustainable development 

progression within the country [88]. 

 

 

Figure 15 European-influenced architecture in Ibadan, Nigeria. Source: Sijuwade 2020 [89] 

Aside from a few mosques and temples, the majority of buildings made up of earth material 

including mud and bricks have been destroyed in an attempt to be more modern and 

resemble more western architecture. The figure below shows the practice of Wattle and 

Daub construction in Nigeria. This seems to be a popular construction type in all 3 countries 
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explored, the method remains favourable throughout West Africa due to its environmentally 

friendly nature, and durability. 

 

 

Figure 16  Wattle and Daub construction. Source: Auwalu, 2019 [88] 

Previous literature has shown that the approach of modern architecture and its use of 

materials such as steel, aluminium, zinc, glass, and composite material have largely 

replaced the use of traditional building materials within Nigeria. Studies have attributed the 

discontinuation of vernacular building design and materials used to the following factors; 

human ignorance, modernization, improved socioeconomic conditions, changing weather 

and climatic conditions, and increased maintenance of traditional architecture. Although 

more archaic building methods are not favoured in this region, in order to improve the quality 

of life, and tend to the climate emergency, revival of traditional architecture is necessary 

[87]. This paper also recommends that the remaining remnants of traditional architecture 

should be conserved as this can be used as a tool for further education. 
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5. Policy 
 
Legislatures in all nations contribute to the foundations of cultivating sustainable 

development within a country, which includes activity from all parts of society and the 

economy. This section investigates public and private engagements on the implementation 

of sustainability as a whole and within the built environment. The Abidjan-based West Africa 

Sub Regional Office (Office) was set up in 2015 to reinforce The UN Environment’s key role 

in the districts, which was prompted by the UN Conference on Sustainable Development 

(Rio+20). This command related to strengthening and updating UN Environment as the 

worldwide environmental authority. 

The Office serves as an addition to UN Environment commitment with Member States to 

improve the arrangement of intelligible support in propelling their national environmental 

agenda, especially by integrating the three pillars of sustainable development i.e., people, 

planet, and profit - with regards to the United Nations 2030 Agenda for Sustainable 

Development and related Goals. [58],[59]. 

 

Figure 17 SDG goals. Source: https://www.un.org/development/desa/dspd/2030agenda-sdgs.html [59] 

The sub-regional Office covers a block of sixteen countries which also include those which 

have been analysed to complete this study; Burkina Faso, Ghana and Nigeria. The function 

of the UN Environment West Africa Office is to work intimately with other United Nations 

organizations just as key accomplices in West Africa including the African Development 

Bank, the Economic Community of West African States (ECOWAS), West African Economic 

and Monetary Union (WAEMU), the Permanent Inter-State Committee for Drought Control 

in the Sahel (CILSS) and the common society [58].  

https://www.un.org/development/desa/dspd/2030agenda-sdgs.html
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The core functions of the West Africa Sub Regional Office Communication and outreach is 

to promote visibility of sustainability in West Africa; mobilizing resources; leveraging 

strategic and programmatic partnerships; supporting an organised delivery of UN 

Environment work in West Africa; and, with policy through sharing of quality information, 

investigations and making informed suggestions. The image below shows the UN 

sustainability goals against the progress of achievement within West Africa for each goal. 

(Red: Poor, Orange: Fair, Yellow: Good, Green: Excellent) 
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Figure 18  Progress of sustainable development in West Africa 2019 Source: ISNAD-Africa [104] 
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An additional organization created to prompt in support of sustainability development is The 

African Ministerial Conference on the Environment (AMCEN) which was set up in December 

1985, following a meeting of African ministers of environment. The conference was held in 

Cairo, Egypt. Its main principles are  to give support to ecological assurance in Africa; to 

guarantee that essential human requirements are met satisfactorily and in a reasonable 

way; to guarantee that social and financial advancement is acknowledged at all levels; and 

to ensure that rural practices meet the food security and biodiversity needs of the district.  

 

Finally, Burkina Faso (2016), Ghana (2016) and Nigeria (2017) all ratified the Paris 

agreement treaty which encompasses the target of reaching net zero carbon emissions by 

2050 [60]. In response to this, policy requirements to reduce carbon emissions in the built 

environment are now considered when making applications for planning permissions as well 

as secondary impacts found in other sectors.  

 

Due to lack of resources, the ability to follow the guidelines in all investigated countries could 

not be explored thoroughly. In the case of Nigeria, however, its policies are currently in line 

with contribution towards the Paris agreement's biggest goal, which is to limit global warming 

to 1.5°C. However, their actions are contrasted with their previous commitment [61]. The 

climate action tracker website estimates that Nigeria’s greenhouse gas emissions would 

reach 25-45% above 2010 levels if no changes are made to their current practices. 

Indigenous knowledge used as a method to achieve sustainability could drastically reduce 

the high GHG emission forecasted by making changes to different factors such as embodied 

carbon, waste reduction, water efficiency and energy efficiency [111],[116],[117]. 

 

The Government of the Federal Republic of Nigeria recognises the importance of tradition 

and cultural heritage particularly within the built environment. In 2006, they distinguished 

indigenous heritage as an essential component for tourism advancement which positively 

impacts the Nigerian economy [62]. 

 

It is evident that West African countries have made attempts to solve the world crisis 

however their scope has been limited to greenhouse gas emissions during the era of 

indigenous norms. Although the developing world has made great efforts to have a similar 

living standard to European nations, the proposed policies need to be more holistic and 

personalised in order to truly develop a more achievable, sustainable development that is 

unique to the region. 
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6. Indicators 
Evaluation guidelines and certification promotes regulation of environmentally friendly 

infrastructure. This section reviews the literature available to highlight the influence of 

environmental certification systems used in West Africa. The importance of this knowledge 

is to gain an understanding about how energy, waste and materials used in architectural 

practices are measured and how this information can be used to determine which methods 

and practices are most sustainable. Certification through any relevant evaluating framework/ 

index gives confirmation of eco-friendly qualities and can be a useful marketing tool to 

promote architectural practices. Ecological verification in the built environment can be used 

to motivate customers, architects, and clients to create, promote and strongly consider 

highly sustainable solutions in construction practices [57]. 

 

Green building indices and verification frameworks require a plan incorporated with 

sustainability to make projects that are naturally eco-friendly and use minimal resources all 

through a structure's life cycle: from the initial to plan, development, activity, upkeep, 

remodel, and destruction [57] They must ensure transparency and the use of science-based 

evidence for the examination. The certification body must also not be biased, and finally, 

their sustainable standard levels should advance industry practices. 

 

Examples of these verification systems can be seen in Europe and Europeanised nations. 

Some examples include the following organisations such as ; Building Research 

Establishment's Environmental Assessment Method (BREEAM) – Great Britain; Green 

Building Tool (GBTool) - Canada; Leadership in Energy and Environmental Design (LEED) 

– United States of America; EcoProfile – Norway; and Environmental Status - Sweden 

[50],[51],[52],[53],[54]. These measurement tools assess elements such as materiality, 

energy consumption, water usage, transportation etc. Although these certification systems 

have individual limitations, and are not mandatory to achieve, they contribute to governance 

information when required in the built environment sector. The guidelines within rating 

systems also help to identify more sustainable alternatives for clients. Although these 

indexes and organisations which are available to evaluate sustainable practices exist in 

more western countries, in West Africa, there is currently no specific database that provides 

the same information [55]. Particularly in the built environment sector, none of these 

certification systems are one-size-fits all. This is due to the uniqueness of architectural 

designs which must comply with its immediate context [56]. 
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Comparing the sustainability needs of other parts of the world to West Africa, there is a clear 

difference in terms of its application observed between the Northern and Southern 

hemispheres [55]. There are many factors which inhibit the adoption of sustainable solutions 

in the built environment within West Africa. The lack of indicators ie; environmental 

certifications systems utilized in West Africa has consequences on the implementation of 

sustainability in the built environment. It is evident that sustainability within this sector must 

comply with its context [56].  

 

Therefore, Indigenous knowledge which has been cultivated by locals over centuries could 

be a useful method in improving environmental challenges. Combined with this, it would be 

beneficial to fill the research gap by developing a tool which assesses material and energy 

use that supports the climate, context and style of architecture as seen in other parts of the 

world.  
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7. Quantitative research method 

In order to compare the construction carbon footprint of houses built following modern and 

traditional West African architectural styles, the Royal Institution of Chartered Surveyor’s 

(RICS) Whole Life Carbon Assessment for the Built Environment 1st edition guidance (LCA) 

[118] was used.  

 

The typical carbon emission was calculated for a simple family dwelling built using modern 

materials, and another built using the proposed traditional west African design, of the same 

size. Uniformity in both subjects creates a research parameter and allows for a fair 

comparison between both styles; it was thereby used as a criterion for analysis. No one 

indigenous west African building style was analysed in its entirety, however, key materials 

from different techniques in the countries highlighted were chosen, combined and finally, 

used as a basis to form a hybrid traditional west African home.  

 

This study will focus on the impact of construction on carbon emissions and will therefore 

cover phases A1 to A5 of the methodology with A1-A3 referring to the product stage 

(embodied carbon), A4 to transport to project site and A5 to construction and installation 

process. Due to the limited scope of this study and the information available, several key 

assumptions have been made for modelling purposes. 

 

7.1 A1 to A3 (embodied carbon)  

These calculations were determined using the following formula: (A1 to A3) = Material or 

system mass × carbon conversion factor. 

 

The units for the Embodied carbon factors were taken from ICE 2.0 this can be found in 

appendix 1.  

 

7.1.2 Determining building size 

In order to create a data prototype for an average dwelling in West Africa, the first step was 

to determine the size of the building. The table below shows the average number of 

inhabitants in a single residence in Burkina Faso, Ghana, and Nigeria. This information was 

collected from the United Nations Household Size and Composition around the world data 

booklet (2017) [119]. 
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Country Average household size (number of members) 

Burkina Faso 5.7 

Ghana 3.5 

Nigeria 4.6 

 Total average = 3 

Table 1 Average household size. Source: Author 

The result of these statistics enables further research in concluding the area an average 

building would cover. Due to the lack of evidence that reveals the average square meter per 

person in West Africa, the statistics derive from measurements determined for UK 

environments. The choice of the United Kingdom was selected as the study will be 

comparing West Africa and another European country’s fundamental principles of the built 

environment - in this case, the United Kingdom data was easily accessible. The average 

number between all the countries above equates to 3.  Studies reveal that the average size 

of a three-bedroom family dwelling in the UK is 1033 sq. ft. [112]. This figure will be used to 

create an estimate on material input into a traditional and modern building. 

 

7.1.3 Determining the quantity of building materials 

At this stage, key structural materials were chosen for traditional and modern model homes 

with the following quantities assumed.  Four materials were selected from the literature 

review section of this paper based on the most commonly used materials.  

 

The following data is a calculation of the estimated quantity of materials used in the 

construction phase of a traditional house. As described in section 4 of this paper, the 

materials used for indigenous architecture in West Africa include bamboo, clay, thatch, and 

timber. Due to a lack of information on indigenous buildings, the figures below are estimated 

extrapolating from published literature and using the same units as modern building 

substitutes to ensure comparability. 

 

Material Amount needed per 1000 sq. ft Amount needed per 1033 sq. ft 

Bamboo 2100 kgs 2169 kg 

Clay 20,000 kg 20,660 kg 

Thatch 12,00 sq. Ft 12,396 sq. Ft 

Timber 2100 kgs 2169 kg 

Table 2 Quantity of materials needed for traditional house. Source: Author 
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This information was gathered using a series of sources that show the amount of material 

needed per 1000 sq. Ft. i.e. the amount of: 

 

● Bamboo was calculated by estimating the amount of structural beams used in modern 

materials and using the same amount in the substitute material which is Bamboo 

[73],[113],[120],[121];  

● Clay was determined using the measurements of its substitute material which is 

cement [113],[121]; and 

● Thatch was particularly difficult to estimate due to its rare use in modern buildings; 

however, it was estimated that 1200 sq ft of thatch would be necessary to cover the 

amount of roof area needed. The varying styles of laying thatch also add variances 

to this estimation as some designs require less amount of material [122]. 

 

As described in section 4, the materials used in Modern buildings include cement, steel, 

sand, glass, and concrete. The embodied carbon accumulated by these materials will be 

measured using estimated figures gathered from the ICE database to provide statistics.  

Unfortunately, this database is based on UK statistics and is used due to the lack of data 

available for the West African context. In order to do so, the amount of each material must 

be established. This is done by collecting data that shows the amount needed for 1000 sq. 

ft from industry sources [113]. The gathered information is then converted into the amount 

needed for the average UK house size - 1033 sq. ft. The table below shows an estimate of 

the materials needed for a modern house. 

 

Material Amount needed per 1000 sq. ft Amount needed per 1033 sq. ft 

Concrete 50 kg bags x 400 20,660 kg 

Steel 2100 kgs 2169 kg 

Sand 1800 cubic ft 1,859.4 cubic ft 

Brick 25000 25,825 

Table 3Quanity of materials needed for modern house Source: Author 

The gathered estimation on the quantity of materials used enables further research into the 

embodied carbon accumulated by each building style. These calculations set a preliminary 

base for the embodied carbon to be calculated.  

 

The following formula was used to calculate the embodied carbon units: (A1 to A3) = Material 

or system mass × carbon conversion factor 



… 41 

Mass being the ‘amount of material needed by sq. Ft’, and carbon factor was determined 

using RICS LCA. 

 

7.1.4 Results 

Traditional buildings 

Category Default 

Emission Factor 

Material 

Amount (kg) 

Total Emissions 

(kgCO2e) 

Emissions Intensity 

(kgCO2e/m2 GIA) 

Bamboo 0.3100 2,100  651 8.14 

Timber 0.2400 20,000 4,800 60.00 

Clay 0.2400 20,000 4,800 60.00 

Thatch not available 12,000 321 not available 

Table 4 embodied carbon of traditional building Source: Author 

Modern buildings 

Category Default 

Emission Factor 

Material 

Amount (kg) 

Total Emissions 

(kgCO2e) 

Emissions Intensity 

(kgCO2e/m2 GIA) 

Concrete 0.1070 2,100 2,211 27.63 

Steel 2.0300 20,660  4,263 53.29 

Sand 0.0051 117,941  602 7.52 

Bricks 0.0240 5,863 1,407 17.59 

Table 5 embodied carbon of modern building. Source: Author 

7.2 A4 - Transport to project site 

To assess the impact of transporting building materials to the project site on the 

environment, this was calculated to inform the analysis within the study.  The calculation 

was based on the recommended assumptions in section 3.5.2 of RICS LCA these 

assumptions were based on UK and EU specific data due to the limited information available 

for West Africa. Carbon emissions were calculated using the formula: [A4] = Material or 

system mass × transport distance × carbon conversion factor. 

 

Where: Material or system mass was same quantities assumed for A1 to A3 (see section 

6.1.4) 

 

Transport distance (in line with section 3.5.2 of RICS LCA) was assumed to be 50 km by 

land for all traditional materials – this assumption was made on the premise that traditional 
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architecture is centred around materials available in the local area; 300 km by land for sand 

and bricks; 1,500 km by land for concrete; and 10,000 km by sea and 200 km by land for 

steel.  

 

For Land transportation, All HGVs factor was collected from UK Government GHG 

Conversion Factors for Company Reporting 2021 - Freighting Goods section [123] 

For data regarding the sea, Average Bulk Carrier Cargo Ship factor from UK Government 

GHG Conversion Factors for Company Reporting 2021 - Freighting Goods section [123]. 

 

7.3 A5 - Construction and installation process 

This calculation was assumed to be similar between traditional and modern architecture and 

therefore not included in the model. 
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8. Results 
 
This study suggests two areas where a traditional house may be more carbon-efficient than 

a modern house. The first area is Materials Embodied Carbon where the traditional house 

has advantages due to not relying on carbon-intensive steel for its structural elements and 

instead, utilizing wooden materials for construction. The second and most impactful area is 

the Emissions from Deliveries made as due to the local nature of traditional architecture 

most materials are sourced locally while many of the materials required for modern houses 

i.e., limestone, clinker, and cement [109] would need to be transported nationally, regionally, 

or even internationally. This significantly increased transport distance results in a highly 

inflated carbon footprint for modern houses. 

 

Stage Emission source Modern 
house 

Traditional 
house 

Reduction % 

A1-A3 Materials embodied 
carbon 

8.48 5.87 31% 

A4 Emissions from 
deliveries made 

7.44 0.13 98% 

A1-A4 Total embodied 
carbon 

15.93 6.00 62% 

Table 6  Construction impacts of Modern and Traditional House. Source: Author 

 
The results in table 6 show the output of the methodology research. Findings, therefore, 

support the hypothesis that overall, the comparison shows that there is a reduction of 

embodied and operational carbon. The numbers used in this study were estimated due to 

lack of resources from the West Africa context however, this gives an overview that implies 

that indigenous architecture is more sustainable as it requires fewer carbon emissions to 

construct. 
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9. Discussion 
 

 
Figure 1 Carbon comparison between modern and traditional house. Source: Author 

The findings of the study confirm that utilising indigenous knowledge in the built environment 

is indeed a method that can reduce carbon footprint, thereby making the building industry, 

particularly in western Africa more sustainable.  In agreeance with the initial hypothesis, the 

research shows that by simply using materials and resources that are locally accessible 

during construction, allows for more sustainable developments i.e, weather-resistant, low 

environmental impact, low-carbon and energy-proficient structures, traditions and cultures, 

to ensure access to resources and a cooler climate for future generations [114].  

 

There are a variety of elements that can be considered to upgrade sustainability in building 

planning, construction, development, and operations processes [111].  This can be 

understood from the information presented in the literary review and is more evident in the 

quantitative analysis of embodied and operational carbon.  

 

Although this paper mainly focused on materiality, the quantitative methodology highlights 

that there are miscellaneous factors that should be further examined as they cross over to 

other sectors. For example,  transport – the amount of miles travelled to reach the 

destination where the material will be used, can greatly influence the amount of carbon 

emissions calculated over the life cycle of a material resource.  

 

This information can be seen in the qualitative method results below. 
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Figure 2 Quantitative method results. Source: Author 

 

A significant difference is apparent when comparing the traditional house that sources its 

materials locally, to modern houses that require a substantial amount of travelled miles to 

deliver the material on site. Due to this fact, cement supplier companies such as Dangote 

Industries Limited in Nigeria, are attempting to address the issue regarding the climate 

impact of 'export to import' strategy to obtain cement in West and Central Africa [109]. This 

practice is efficient in Nigeria which has an abundance in the key ingredient of the composite 

material which is limestone. Particularly in the southern regions in close proximity to demand 

centres and export facilities. Nigeria has an overall bounty of value limestone particularly in 

key southern districts close to request focuses and trade offices. Limestone is not available 

in more coastal areas of  West and Central Africa however. The lack of limestone mining in 

the rest of West Africa and Central has driven a large portion of consumers to import large 

amounts of cement or a derivative of limestone called clinker, generally from outside of the 

African continent [109].  Although the company produces a less sustainable product, the 

new system of local accessibility proposed, if correctly executed, can have a drastic effect 

of the amount of carbon produced.   
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Figure 19 Dangote cement action plan. Source: Dangote cement [109] 

 

The image above shows Dangote’s sustainability goals relating to its built environment 

products. This confirms that there are many factors that affect carbon emissions and modern 

materials that are not sustainable in the context of West Africa can be made more 

sustainable if communities are self-sufficient and focus on local production as opposed to 

imported materials.  

 

In the initial stages of this research, the hypothesis was supported by claims that the type 

of material was the main contributor of carbon emissions. However, the results following the 

comparison between traditional and modern dwellings make it clear that although the 

building material is an important factor to tackle. However, it is now overwhelmingly clear 

that the more significant cause of emissions in the life cycle of a material resource is 

requirement for transportation. 

 

9.1 Limitations 

Due to the absence of data specific to the West African region, many of the calculations 

above were based on UK or EU-centred emission factors and assumptions ICE, RICS LCA 

and UK Government GHG Conversion Factors for Company Reporting 

2021[118],[123],[103] . These factors are not country, or region-specific and therefore the 
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accuracy of this study could be improved by using information specific to the region explored 

in the research. 

 

There was very limited information available on the quantities of materials used for a typical 

model of a traditional and modern house in West Africa and therefore the assumptions used 

in this study could be improved in follow up research. While this limitation is important to 

note, it does not significantly affect the outcome of this paper, as the purpose of this study 

was to identify a broad sustainability benefit of certain aspects of traditional architecture 

when compared to modern architecture in West Africa, which it successfully demonstrates. 

The exact quantitative benefits, however, would need to be established in future research. 

 

It is important to note that traditional construction materials may be less suitable for 

achieving tall structures and may be less applicable to densely populated urban areas. 

However, it is possible to significantly reduce the carbon footprint of modern houses by 

applying learnings from traditional architecture to modern houses – most notably, the use of 

local materials as that can have a very large impact on the carbon footprint of construction. 

 

9.2 Future Research 

Supportability is an issue of developing importance in the built environment sector. 

According to the review presented, there is limited data that has focused on sustainability in 

the context of West Africa. The construction industry in West Africa would benefit from data 

collection to form a database similar to ICE. This would allow for professionals in 

construction to conduct more accurate assessments on indigenous architecture, particularly 

its materials and practices thus supporting them to make informed decisions when building 

new structures. 

 

In addition to this, further research can assist in creating a green/ sustainable building index 

and verification framework that particularly cater to the needs of West Africa as seen in other 

parts of the world, discussed above, such as; BREEAM – Great Britain; GBTool - 

Canada;LEED – United States of America; EcoProfile – Norway; and Environmental Status 

– Sweden.  

 

The availability of site-specific material carbon emission units and a tool which considers all 

aspects of design, construction and demolition of buildings can pave the way for architects 

and other building professionals to revert to or at least adopt indigenous methods as they 
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can better prove the benefit of their chosen materials and processes. Future research should 

also focus on establishing data that can be utilised in making progress on measuring 

embodied carbon of buildings for waste minimization, management, and regulation. 
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10. Conclusions 
In the case that all regions in the developing world increased their energy usage to the 2008 

level of the developed world, their energy use would escalate to four times the current 

amount which does not align with future goals in place [9]. Decarbonisation of the built 

environment to promote sustainable development projects is a wide issue that encompasses 

deeper social issues such as decolonisation and population increase; economic issues such 

as cost of materials and accessibility; and environmental issues such as increase in natural 

disasters, rising global temperatures and increase in energy usage in maintenance. These 

factors all contribute to the ability to make an urban settlement ‘sustainable’.  

 

It is important to note that traditional construction materials may be less suitable for 

achieving tall structures and may be less applicable to densely populated urban areas. 

However, it is possible to significantly reduce the carbon footprint of modern houses by 

applying learnings from traditional architecture to modern houses – most notably, the use of 

local materials as that can have a very large impact on the carbon footprint of construction. 

Although modern building materials for example, cement, is also useful in construction 

generally, as its application could to maximise the lifespan of a building, there is a demand 

for new sustainable alternatives and recycling facilities when it reaches the end of its life 

cycle. 

 

Vernacular shelters have evolved alongside indigenous humans over centuries. It is evident 

that the key solution to reduce carbon emissions using the knowledge gained of centuries 

is to utilise materials available locally. In West Africa and beyond, indigenous peoples have 

studied their lands and learnt how to build in a way that is beneficial to their environment, 

economy, and societal needs [110]. This study confirms the hypothesis that the fundamental 

aspects i.e., the principles of a typical traditional building is consistent with lower energy 

consumption as compared to those constructed to Western templates, using more modern 

materials. 
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Appendix 1 
 

ICE reference tables  

CATEGORY TYPE SUB-TYPE UNIT 
EMISSION 
TYPE  FACTOR 

Cement General (UK weighted average) - Kg KgCO2e 0.74 

Cement Average CEM I Portland Cement, 94% Clinker - Kg KgCO2e 0.95 

Cement 6-20% Fly ash (CEM II/A-V) - Kg KgCO2e 0.825 

Cement 21-35% Fly ash (CEM II/B-V) - Kg KgCO2e 0.685 

Cement 21-35% Fly ash GGBS (CEM II/B-S) - Kg KgCO2e 0.71 

Cement 36-65% Fly ash GGBS (CEM II/A) - Kg KgCO2e 0.515 

Cement 66-80% GGBS (CEM II/B) - Kg KgCO2e 0.32 

Cement Fibre Cement Panels - Uncoated - Kg KgCO2e 1.09 

Cement Fibre Cement Panels - (colour) coated - Kg KgCO2e 1.28 

Cement Mortar (1:3 cement:sandmix) - Kg KgCO2e 0.221 

Cement Mortar (1:4) - Kg KgCO2e 0.82 

Cement Mortar (1:5) - Kg KgCO2e 0.156 

Cement Mortar (1:6) - Kg KgCO2e 0.136 

Cement Mortar (1:½:4 ½ Cement:Lime:Sand mix) - Kg KgCO2e 0.213 

Cement Mortar (1:1:6 Cement:Lime:Sand mix) - Kg KgCO2e 0.174 

Cement Mortar (1:2:9 Cement:Lime:Sand mix) - Kg KgCO2e 0.155 

Cement Cement stabilised soil @5% - Kg KgCO2e 0.61 

Cement Cement stabilised soil @8% - Kg KgCO2e 0.084 

Clay General (Simple Baked Products) - Kg KgCO2e 0.24 

Clay Tile - Kg KgCO2e 0.48 

Clay Vitrified clay pipe DN 100 & DN 150 - Kg KgCO2e 0.46 

Clay Vitrified clay pipe DN 200 & DN 300 - Kg KgCO2e 0.5 

Clay Vitrified clay pipe DN 500 - Kg KgCO2e 0.55 

Steel General - UK (EU) Average  Kg KgCO2e 1.46 

Steel General - UK (EU) Virgin Kg KgCO2e 2.89 

Steel General - UK (EU) Recycled  Kg KgCO2e 0.47 

Steel Bar & rod - UK (EU) Average  Kg KgCO2e 1.4 

Steel Bar & rod - UK (EU) Virgin Kg KgCO2e 2.77 

Steel Bar & rod - UK (EU) Recycled  Kg KgCO2e 0.45 

Steel Coil (sheet) - UK (EU) Average  Kg KgCO2e 1.38 

Steel Coil (sheet) - UK (EU) Virgin Kg KgCO2e 2.74 

Steel Coil (sheet) - UK (EU) Recycled  Kg KgCO2e 
Not 
typical 

Steel Coil (sheet), Galvanised Average  Kg KgCO2e 1.54 

Steel Coil (sheet), Galvanised Virgin Kg KgCO2e 3.01 

Steel Engineering steel Recycled  Kg KgCO2e 0.72 

Steel Pipe - UK (EU) Average  Kg KgCO2e 1.45 

Steel Pipe - UK (EU) Virgin Kg KgCO2e 2.87 

Steel Pipe - UK (EU) Recycled  Kg KgCO2e 
Not 
typical 
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CATEGORY TYPE SUB-TYPE UNIT 
EMISSION 
TYPE  FACTOR 

      

Steel Pipe - UK (EU) Average  Kg KgCO2e 1.66 

Steel Pipe - UK (EU) Virgin Kg KgCO2e 3.27 

Steel Pipe - UK (EU) Recycled  Kg KgCO2e 
Not 
typical 

Steel Section - UK (EU) Average  Kg KgCO2e 1.53 

Steel Section - UK (EU) Virgin Kg KgCO2e 3.03 

Steel Section - UK (EU) Recycled  Kg KgCO2e 0.47 

Steel Wire Virgin Kg KgCO2e 3.02 

Steel Stainless - Kg KgCO2e 6.5137 

Steel General - R.O.W. Avg. Recy.cont. - Kg KgCO2e 2.03 

Steel General - World Avg. Recy.cont. - Kg KgCO2e 1.95 

Steel Bar & rod -  R.O.W. Avg. Recy.cont. - Kg KgCO2e 1.95 

Steel Bar & rod - World Avg. Recy.cont. - Kg KgCO2e 1.86 

Steel Coil -  R.O.W. Avg. Recy.cont. - Kg KgCO2e 1.92 

Steel Coil - World Avg. Recy.cont. - Kg KgCO2e 1.85 

Steel Coil, Galvanised - R.O.W. Avg. Recy.cont. - Kg KgCO2e 2.12 

Steel Coil, Galvanised - World Avg. Recy.cont. - Kg KgCO2e 2.03 

Steel Pipe - R.O.W. Avg. Recy.cont. - Kg KgCO2e 2.01 

Steel Pipe - World Avg. Recy.cont. - Kg KgCO2e 1.94 

Steel Plate - R.O.W. Avg. Recy.cont. - Kg KgCO2e 2.31 

Steel Plate - World Avg. Recy.cont. - Kg KgCO2e 2.21 

Steel Section - R.O.W. Avg. Recy.cont. - Kg KgCO2e 2.12 

Steel Section - World Avg. Recy.cont. - Kg KgCO2e 2.03 

Stone General  - Kg KgCO2e 0.079 

Stone Granite - Kg KgCO2e 0.7 

Stone Limestone - Kg KgCO2e 0.09 

Stone Marble - Kg KgCO2e 0.13 

Stone Marble tile - Kg KgCO2e 0.21 

Stone Sandstone - Kg KgCO2e 0.06 

Stone Shale - Kg KgCO2e 0.002 

Stone Slate - Kg KgCO2e 0.035 

Timber General 

Not 
Responsibly 
sourced  Kg KgCO2e 0.72 

Timber General 
Responsibly 
sourced Kg KgCO2e 0.31 

Timber Glue Laminated 

Not 
Responsibly 
sourced  Kg KgCO2e 0.87 

Timber Glue Laminated 
Responsibly 
sourced Kg KgCO2e 0.42 

Timber Hardboard 

Not 
Responsibly 
sourced  Kg KgCO2e 1.09 

Timber Hardboard 
Responsibly 
sourced Kg KgCO2e 0.58 



… 65 

CATEGORY TYPE SUB-TYPE UNIT 
EMISSION 
TYPE  FACTOR 

Timber Laminated Veneer lumber 

Not 
Responsibly 
sourced  Kg KgCO2e 0.65 

Timber Laminated Veneer lumber 
Responsibly 
sourced Kg KgCO2e 0.33 

Timber MDF 

Not 
Responsibly 
sourced  Kg KgCO2e 0.74 

Timber MDF 
Responsibly 
sourced Kg KgCO2e 0.39 

Timber Oriented Strand board  

Not 
Responsibly 
sourced  Kg KgCO2e 0.99 

Timber Oriented Strand board  
Responsibly 
sourced Kg KgCO2e 0.45 

Timber Particle Board 

Not 
Responsibly 
sourced  Kg KgCO2e 0.86 

Timber Particle Board 
Responsibly 
sourced Kg KgCO2e 0.54 

Timber Plywood 

Not 
Responsibly 
sourced  Kg KgCO2e 1.1 

Timber Plywood 
Responsibly 
sourced Kg KgCO2e 0.45 

Timber Sawin Hard wood 

Not 
Responsibly 
sourced  Kg KgCO2e 0.87 

Timber Sawin Hard wood 
Responsibly 
sourced Kg KgCO2e 0.24 

Timber Sawin Hard wood 

Not 
Responsibly 
sourced  Kg KgCO2e 0.59 

Timber Sawin Hard wood 
Responsibly 
sourced Kg KgCO2e 0.2 

Timber Veneer Particle board 

Not 
Responsibly 
sourced  Kg KgCO2e NA 

Timber Veneer Particle board 
Responsibly 
sourced Kg KgCO2e NA 
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