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Abstract. This study investigates the potential of 3D concrete printing (3DCP) as 
a sustainable solution to the housing crisis in Africa and the Global South. Rapid 
urbanisation and population growth in these regions present significant challenges 
in meeting housing demands, with traditional construction methods failing to keep 
pace. 3DCP offers a promising alternative by enabling cost-effective, resource-
efficient, and locally adaptable construction processes. The benefits of 3DCP, 
such as reduced material waste, design flexibility, and the incorporation of locally 
sourced materials, are explored in the context of addressing environmental and 
economic challenges related to imported building materials. Furthermore, integrat-
ing 3DCP with regional development goals presents opportunities for job creation, 
skill development, and local manufacturing of printers and materials. However, 
challenges remain in adopting this technology, including the need for tailored 
regulatory frameworks, technical training, and investment in infrastructure. The 
research also highlights the importance of policy development, economic incen-
tives, and community engagement in facilitating widespread adoption. In con-
clusion, with strategic efforts in policy, education, and technological innovation, 
3DCP has the potential to significantly contribute to solving Africa’s housing crisis 
and advancing sustainable construction practices across the Global South. 

Keywords: 3D Concrete Printing · African housing · Housing crisis · 
Sustainability · Resource-efficiency 

1 Introduction 

According to UN-Habitat [1], approximately 55% of the global population currently 
resides in urban areas. This figure is projected to rise to around 68% by 2050, adding 
roughly 2.2 billion urban inhabitants. 90% of this urban expansion will occur in cities 
and urban agglomerations in Asia and sub-Saharan Africa. Historical trends indicate 
that Africa’s urbanization rate has increased from approximately 15% in 1960 to 40% 
in 2010, with projections suggesting a further increase to 60% by 2050 (Fig. 1). Con-
sequently, the urban population in Africa is expected to triple over the next 50 years, 
thereby fundamentally transforming the region’s demographic and infrastructural land-
scape. To accommodate the escalating demand driven by rapid population growth and
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urbanisation, it is estimated that at least 40 million new housing units will be required, 
with most of these developments concentrated in these regions [2]. The accelerated rate 
of urbanisation in Africa poses a substantial challenge to the development of affordable 
housing. 

Fig. 1. Urban population per continent, data and projection (1950–2050). Data from [3]. 

Conventional construction methods have proven insufficient in addressing these chal-
lenges sustainably, widely contributing to the global climate crisis and poor living con-
ditions. Environmentally unsustainable materials and production practices are coupled 
with high reliance on labour-intensive and inefficient processes, decreasing access to 
skilled workers and, consequently, lengthy construction timelines and high costs. In 
sub-Saharan Africa, these challenges are further fuelled by the negative continent’s eco-
nomic situation and by the absence of policies and regulatory frameworks, low aware-
ness, knowledge and acceptance of the need for building standards and environmental 
policies by governing bodies across the continent. Moreover, reliance on labour-intensive 
practices, in the context of limited access to skilled labour and locally sourced sustain-
able materials, has been shown to increase construction timelines and costs by 30–50% 
in some studies [4]. 

Consequently, a multidisciplinary approach is essential to develop and integrate 
innovative construction strategies that enhance productivity and improve building pro-
cesses’ environmental, economic, and social sustainability. In addition to robust policy 
frameworks and economic support from governing institutions, the successful adaptation 
and implementation of sustainable, efficient, and locally optimised building technolo-
gies and materials are critical to mitigating the African housing crisis. 3D Concrete 
Printing (3DCP) is increasingly being explored globally as a promising technology to 
address construction challenges by shortening construction times, making construction 
sites safer, reducing material waste through formwork-free fabrication and optimising 
material usage through design engineering. Both academic and industrial sectors are 
intensifying efforts to advance 3DCP technologies, encompassing robotic motion sys-
tems, nozzles, pumps, materials, and design and engineering solutions to harness the
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full potential of additive manufacturing. However, a significant disparity exists between 
the Global North and Global South in terms of resources, focus, as well as research and 
industry outputs in this field. Most 3DCP developments are concentrated in the Global 
North, characterised by high technological standards and abundant resources. Neverthe-
less, a growing body of 3DCP academic work and industrial projects developed in the 
Global South exists. 

1.1 Slums, Informal Settlements and Inadequate Housing 

Understanding the scope of the crisis requires clarity on terminology related to housing 
deprivation. According to the United Nations, a slum household is defined as a group of 
individuals residing together in an urban setting who lack one or more of five essential 
conditions: structurally sound and durable housing, sufficient living area (no more than 
three people per room), access to safe water at an affordable price, adequate sanita-
tion facilities, and secure tenure protecting against forced eviction [3]. Expanding on 
this, Sustainable Development Goal Indicator 11.1.1 broadens the focus to encompass 
informal settlements—dwellings constructed without legal claim to the land, necessary 
planning permissions, or adherence to formal building codes—and inadequate housing. 
The latter category includes housing that fails fundamental habitability criteria due to 
poor location, lack of safety, social exclusion, accessibility barriers, cultural inappropri-
ateness, or unaffordability, often benchmarked as housing costs consuming over 30% of 
household income. Within this framework, affordable housing is understood as adequate 
shelter in quality and location, with costs that do not prevent occupants from meeting 
other basic living expenses or compromise their fundamental human rights. 

1.2 Research Aim 

This study provides an overview of the status of concrete construction in Africa, evalu-
ating the viability of 3DCP as an efficient technology to sustainably mitigate the housing 
deficit in Africa and the Global South. Specifically, it seeks to assess the applicability of 
3DCP in addressing the acute housing shortages prevalent in these regions, where tradi-
tional construction methodologies have proven inadequate in delivering affordable and 
scalable housing solutions. The investigation focuses on the sustainability dimensions 
of 3DCP, encompassing its environmental, economic, and social impacts. These facets 
are essential for understanding how 3DCP can contribute to sustainable development, 
particularly in areas characterised by resource constraints and rapid urbanisation. Fur-
thermore, the research aims to identify the principal barriers impeding the widespread 
adoption of 3DCP in these regions. These challenges include technical issues such as the 
necessity for specialised training, the substantial initial capital investment required for 
3D printing equipment, and economic and regulatory obstacles that must be addressed 
to enhance the technology’s feasibility and scalability in these contexts. 

2 Cement and Concrete Construction Development 

Given the scale and urgency of housing and infrastructure needs across the continent, 
concrete construction is one of the most practical and scalable techniques. Concrete dura-
bility, adaptability to local conditions, and potential for industrialised production make
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it essential to meet Africa’s growing and rapid demand for buildings and infrastructure. 
In the last two decades, the concrete industry in Africa has undergone a market trans-
formation driven by economic shifts rather than regulatory reform or anti-competitive 
behaviour. Reference [6] points out that, until the 2010s, high cement prices and low 
consumption were the norm, primarily due to small national markets and limited pro-
duction capacity. However, as several African economies experienced rapid growth, 
new cement plants, often larger and more efficient, entered the market, increasing sup-
ply and reducing marginal costs. This expansion led to a significant drop in cement prices 
between 2011 and 2017, the steepest of any continent. The evolution signals increased 
demand and a gradual industrial scaling-up, with implications for how concrete might 
support more affordable and rapid construction across the region. Figure 2 illustrates 
that, while Africa’s cement production remains comparatively low, it is projected to 
experience a substantial increase by 2050, surpassing most regions in growth rate. This 
anticipated surge underscores the continent’s accelerating demand for construction mate-
rials, reflecting broader trends in urbanisation, infrastructure development, and housing 
expansion. 

Fig. 2. Cement production from 1960 to 2050 (projection) (Adapted from [7]) 

While concrete remains the most viable material for addressing the continent’s press-
ing housing and infrastructure demands, the cement industry still faces significant chal-
lenges, reflecting its immaturity [8]. Construction practices are often manual and decen-
tralised, with on-site mixing still the norm due to the limited penetration of ready-mix 
and precast concrete systems. Climatic conditions - high temperatures and humidity -
further challenge the application of standards developed for temperate climates. 

Cement plant density remains low, leading to high transportation costs that inflate 
local prices and limit accessibility, especially in inland or poorly connected regions. This 
creates space for international suppliers, resulting in various imported cement types with 
inconsistent quality control and lower local development. The local production landscape
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is dominated by Ordinary Portland Cement (OPC) and a limited number of blended vari-
ants, with little availability of industrial by-products like fly ash to enhance performance 
or reduce carbon intensity. Although new plants are being commissioned across the 
continent, the pace of industrial scaling is still catching up to demand. Consequently, 
the cement sector in Africa remains fragmented and heavily dependent on geography, 
logistics, and international trade dynamics. This underscores the urgent need for local 
capacity building, regulatory harmonisation, and investment in infrastructure to unlock 
the full potential of concrete construction on the continent. 

The limited correlation between cement prices and overall construction costs high-
lights the concrete industry’s infancy on the continent [8]. As illustrated in the image 
(Fig. 3), this variability underscores the instability inherent in a sector still hampered by 
inadequate infrastructure, fragmented supply chains, and a lack of economies of scale. 
These factors contribute to a cost structure that is more volatile than in more mature 
markets, signalling a pressing need for sectoral consolidation and professionalisation as 
the industry develops. 

Fig. 3. Cost comparison of overall construction per square meter against the cost of a 50 kg bag 
of cement for African countries (according to availability). While construction costs are relatively 
consistent (bars), cement prices are highly variable (lines). (Adapted from [8]) 

A significant proportion of sub-Saharan Africa’s future building stock remains 
unconstructed, and considering the growth of the region’s concrete industry, a strate-
gic opportunity exists to embed emission-reducing solutions and sustainability princi-
ples throughout the concrete construction supply and value chain [9]. This entails the 
adoption of innovative technologies, the utilisation of sustainable materials, and the 
implementation of design strategies that prioritise resource efficiency and environmen-
tal stewardship. To realise this potential, supportive policies and economic incentives are
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essential. Such an integrated approach can facilitate urbanisation that addresses hous-
ing and infrastructure needs while minimising material consumption and environmental 
impact. 

3 Status of 3D Concrete Printing in Africa 

3DCP encompasses advanced additive manufacturing techniques that fabricate concrete 
structures layer by layer, eliminating the need for traditional formwork and enhancing 
design flexibility. The primary method employed is extrusion-based printing, wherein 
a concrete mixture is precisely extruded through a nozzle to form successive layers, 
guided by digital instructions derived from a 3D model. This technique uses various 
systems, notably gantry-based setups and robotic arms. Gantry systems operate on fixed 
frames that move the printhead along Cartesian coordinates, facilitating large-scale con-
structions with high precision. Conversely, robotic arm systems offer multiple axes of 
movement, enabling the creation of complex geometries and intricate designs that are 
challenging to achieve with conventional methods [10]. 3DCP offers potential advan-
tages, including the ability to produce complex geometries that are difficult to achieve 
with traditional techniques. Additionally, it reduces material waste through precise mate-
rial placement and decreases reliance on manual labour via automation [11]. Other 
potential benefits, though not yet fully realised or proven, include faster construction 
times and cost savings by minimising formwork use and optimising material efficiency. 
However, the adoption of 3DCP faces several challenges. A current hurdle is developing 
printable concrete mixes with suitable rheological properties, such as workability and 
buildability, balancing them with environmental sustainability and process scalability. 
Another critical concern is ensuring the structural integrity of printed elements, partic-
ularly concerning bonding between layers and the incorporation of reinforcement [12]. 
Moreover, the absence of standardised testing protocols and design guidelines poses 
additional barriers to widespread implementation [13]. 

3.1 Research and Technology Development 

The state-of-the-art 3DCP in Africa showcases an emerging field with significant poten-
tial to, at least partially, mitigate the continent’s pressing housing deficits [14]. While still 
in its infancy, the number of small-scale buildings manufactured with 3DCP is growing 
in African nations, including South Africa, Kenya, Malawi and Angola. These initiatives 
range from pilot projects to the construction of the first 3D-printed houses and schools, 
involving universities, local companies, NGOs, and international partners. The key focus 
is leveraging 3DCP to deliver faster, affordable, and sustainable housing solutions. Bar-
riers to widespread development exist in the upskilling of the workforce, the necessary 
upfront investment, and the continuous technological advancement of 3DCP hardware 
and materials. 

Research Initiatives. Since 2016 [15], a team of researchers from the Department of 
Civil Engineering at Stellenbosch University, South Africa, has conducted research on 
materials and structural engineering for 3DCP. Their research focuses on creating print-
able materials, ranging from lightweight to high-performance concrete, and developing
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analytical models for printed structural elements. In 2020, the University of Johan-
nesburg, South Africa 2020, started research and a pilot program to demonstrate the 
effectiveness of 3DCP for sustainable human settlements, working on studies on cost-
benefit analysis and qualitative research on the availability of 3DCP materials and social-
technical acceptability. In Egypt, preliminary investigations have been conducted into 
the applicability, impact, and constraints of 3DCP [17, 18]. While 3DCP shows promise 
for enhanced environmental and productivity outcomes, their qualitative analyses reveal 
that limited technical and economic resources, weak policy frameworks, and low stake-
holder awareness significantly hinder its adoption. Moreover, they highlight the need for 
region-specific materials tailored to local climate, resource availability, and traditional 
practices. 

Technology Development. The IROKO™ 3D Concrete Printing Machine was devel-
oped through a collaboration between 14Trees and PMSA, and it is designed for mobility, 
affordability, and reliability. It features a patented technology, namely LevelTrac™, for 
easy setup on various sites and is built to withstand harsh conditions, ensuring long-term 
usability. Local technology development is an important step towards independent, sus-
tainable growth of the 3DCP construction sector in the African continent, with hardware, 
materials and knowledge adapted to the specific context. While 14Trees was founded in 
Africa, it has moved parts of its operation to Spain, intending to expand globally. 

3.2 Notable Projects 

While the number of research institutions in Africa focusing on 3DCP remains limited, 
the continent has witnessed a notable increase in the construction of 3D-printed buildings. 
This effort is largely driven by construction companies’ interest in finding more efficient 
construction strategies and by technology companies, NGOs and international partners. 

The chronological development of 3DCP projects in Africa reveals a transition from 
small-scale prototypes to increasingly complex, application-oriented structures. One of 
the earliest documented initiatives was BeMore3D’s 53 m2 prototype house constructed 
during the Solar Decathlon Africa in Benguerir, Morocco, in 2019, which tested the via-
bility of extrusion-based 3DCP under North African environmental conditions. In 2021, 
14Trees—a joint venture between Holcim and British International Investment—con-
structed a 3D-printed primary school in Malawi’s Salima District, achieving complete 
wall fabrication within 18 h. Concurrently, Thinking Huts completed a 3D-printed school 
in Fianarantsoa, Madagascar, employing hybrid methods that integrated printed walls 
with conventional roof and finishing systems to facilitate community-based implemen-
tation. In 2022, 14Trees advanced the sustainability profile of 3DCP with a prototype 
house in Nairobi, Kenya, which became the first 3D-printed building globally to receive 
IFC EDGE Advanced certification, demonstrating a 42% reduction in operational energy 
consumption, a 24% reduction in water usage during construction, and a 69% reduction in 
embodied energy in materials, relative to baseline construction methods. Also in 2022, 
Power2Build completed a 53 m2 residence in Angola using COBOD International’s 
BOD2 gantry system, reporting improved print speed, labour efficiency, and potential 
cost savings. Simultaneously, 14Trees launched the Mvule Gardens project in Kilifi, 
Kenya, comprising 52 housing units within a regenerative development framework.
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Expansion continued in Malawi by printing a prototype house in Lilongwe in 2023— 
reportedly completed in 12 h—and delivering a 3D-printed Child-Friendly Space in 
Phalombe District. Hassell Studio has announced a 2024 plan to construct the Hope 
Village Community Centre in Tanzania using 3DCP and locally sourced materials. 
More partnerships and companies adopting 3DCP are growing, such as Orascom 3D 
in Egypt. These developments reflect both the technical maturation of 3DCP in diverse 
African contexts and its strategic deployment to address region-specific infrastructure 
gaps, particularly in housing and education (Table 1). 

Table 1. Overview of 3DCP projects developed in Africa. All projects can be found on the 
company’s website. 

Company Location Project/research Year 

BeMore Ben Guerir, Morocco 53 m2 temporary showcase 
house 

2019 

14Trees Salima District, Malawi 3D-printed school 2021 

14Trees, Thinking Huts Fianarantsoa, Madagascar 3D-printed school 2021 

Power2Build, COBOD Luanda, Angola 3D-printed house 2021 

14Trees Nairobi, Kenya 1st IFC EDGE Advanced 
3D-printed building in the 
world 

2022 

14Trees Kilifi, Kenya Mvule Gardens – 52-Unit 
Housing Project 

2022 

Power2Build Angola 53 m2 house 2022 

CyBe Construction Johannesburg, South Africa UJ House 2022 

14Trees Lilongwe, Malawi Prototype house 2023 

14Trees Phalombe District, Malawi Child-friendly space 
(CBCC) 

2023 

Hassell Studio Tanzania Hope Village Community 
Building 

2024 

4 Barriers and Strategies for Sustainable Scaling of 3DCP in Africa 

Despite the promising potential of 3DCP to broadly impact the construction industry in 
Africa, several significant barriers hinder its widespread adoption. High initial capital 
investments required for procuring 3D printing equipment and materials pose a substan-
tial financial challenge, particularly in economies where construction budgets are already 
constrained. Additionally, the novelty of the technology results in a scarcity of skilled 
operators and a lack of standardised training programs, leading to a workforce unprepared 
for its implementation. The absence of comprehensive building codes and regulatory 
frameworks tailored to 3DCP further complicates its integration into existing construc-
tion practices. Moreover, traditional procurement processes, which favour conventional
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construction methods, often exclude innovative technologies like 3DCP, thereby limiting 
opportunities for its application. Reference [18] highlights these challenges, noting that 
the South African construction industry exhibits reluctance toward adopting innovative 
solutions, citing factors such as high capital costs, potential labour displacement, and 
a general lack of awareness and training opportunities for on-site employees. Without 
targeted interventions to address financial, educational, and regulatory obstacles, the 
adoption of 3DCP in Africa will remain limited. 

4.1 Utilisation of Locally Sourced Material 

In pursuing the sustainable scaling of 3DCP across Africa, using locally sourced mate-
rials is critical to address the continent’s growing housing and infrastructure challenges. 
Africa’s abundant natural resources, particularly clay deposits, offer significant potential 
for sustainable construction. These resources can be used to produce limestone calcined 
clay cements (LC3), limiting reliance on imported clinker, thereby decreasing associated 
carbon emissions and mitigating price volatility in cement markets [19]. However, using 
locally sourced materials in 3DCP requires ensuring consistent material quality, which 
necessitates the development of robust testing protocols and standardisation. Addition-
ally, raw material extraction can have environmental consequences, as illegal mining 
contributes to riverbank erosion, habitat destruction, and local conflicts [20]. Similarly, 
poorly regulated limestone quarrying can degrade air and water quality. Africa’s tradi-
tion of vernacular construction, utilising earth-based materials like adobe and rammed 
earth, offers valuable insights into sustainable building practices. Often considered low-
performance, these materials are inherently sustainable and suitable for non-structural 
applications. 

Furthermore, Africa’s agricultural sector produces substantial biomass waste that 
can be converted into bio-based construction materials. Agricultural byproducts such as 
rice husks and coconut shells, which have pozzolanic properties, can enhance 3DCP by 
improving rheology and buildability [21]. 

In conclusion, integrating locally sourced and secondary materials into 3DCP 
provides a multi-dimensional opportunity to advance sustainable construction in 
Africa. This strategy can help meet the continent’s housing needs while minimising 
environmental impact, promoting economic resilience, and preserving cultural heritage. 

4.2 Resource, Climate and Socially Responsible Design 

The design freedom at no cost inherent in 3DCP offers the possibility of designing and 
building housing and optimising environmental, economic and social costs, which is of 
paramount relevance in rapidly urbanising regions with a pressing and growing need for 
housing. Computational design methods allow the precise control of parameters such 
as wall thickness and internal void geometry, thereby reducing material usage while 
improving resilience and climate adaptation. Moreover, the same formal flexibility offers 
avenues to seamlessly integrate new structures into existing complex urban fabrics by 
designing buildings that complement established cities’ spatial, cultural, and historical 
contexts. Parallelly, integrating the local manual workforce into these processes is of 
utmost importance, as well as devising hybrid construction processes where man and
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machine collaborate in the construction process, e.g., designing and 3D printing small-
scale blocks that workers can manually place. 

4.3 Policy Development and Economic Support 

Developing appropriate policy frameworks and economic support mechanisms is crucial 
for the widespread adoption of 3DCP across Africa. A primary challenge in implement-
ing 3DCP is the absence of tailored building codes and standards that address the distinct 
characteristics of this emerging technology. However, Africa’s relatively low standard-
isation provides a unique opportunity to bypass the constraints of outdated regulatory 
frameworks and establish innovative, context-specific standards that align with regional 
needs and sustainability objectives. By proactively developing forward-thinking poli-
cies, Africa can set a global precedent for integrating 3DCP into sustainable urban 
development, ensuring safety and efficiency in its deployment. 

Economic support through targeted government incentives, public-private partner-
ships, and promoting local manufacturing capabilities for hardware and knowledge 
related to 3DCP—including materials, technology, and required design and engineering 
expertise—can significantly reduce costs and cultivate local expertise. By fostering the 
development of region-specific policies and economic frameworks, 3DCP can be effec-
tively scaled to address Africa’s pressing housing and infrastructure demands, driving 
innovation, sustainable growth, and economic resilience. 

4.4 Promoting Social Acceptance and Capacity Building 

Addressing social barriers and fostering awareness is crucial to facilitate the widespread 
adoption of 3DCP in Africa. Implementing awareness campaigns, training programs, and 
community engagement initiatives can help build trust in the technology and encourage 
its acceptance. Additionally, promoting research and development focused on locally 
improving 3DCP technology, material properties, and construction processes is essential 
for empowering local industries and workforces. These efforts will not only enhance 
the technical capabilities of 3DCP but also ensure that the technology is tailored to 
meet regional needs and capacities, thereby driving both technological innovation and 
socio-economic development. 

5 Conclusions 

This study has explored the potential of 3DCP as an innovative solution to Africa’s afford-
able housing crisis. As CAHF notes, “We cannot rely on precedent in unprecedented 
times”  [8]. Embracing innovative construction technologies like 3DCP can become tools 
to address the housing crisis effectively and sustainably. While 3DCP offers advan-
tages such as reduced construction time and material efficiency, its adoption is hindered 
by significant barriers, including high initial investment costs, lack of skilled labour, 
and inadequate regulatory frameworks. Addressing these challenges requires concerted 
efforts from governments, industry stakeholders, and educational institutions to develop 
supportive policies, invest in training programs, and create an enabling environment for
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innovation and for including and empowering local communities in steering the process. 
However, first and foremost, working with technology in sub-Saharan Africa means not 
only providing tools but also learning, and adapting them to the cultural, social and 
economic framework in which they are implemented. 
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