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ABSTRACT

Africa faces a deepening food security crisis driven by climate change, armed conflict, economic fragility
and global shocks. More than one in five Africans experienced hunger in 2024, and the continent is
projected to host most of the world's undernourished people by 2030. Three-dimensional (3D) printing is
often presented as a Fourth Industrial Revolution answer to this crisis, yet claims about its promise rarely
ask whether African food systems are ready to absorb it. This paper asks how ready African food systems
are to adopt 3D printing in response to food insecurity driven by escalating human security threats. It
combines a structured review of literature published between 2010 and 2025 with six semi-structured
interviews with experts in agricultural economics, food science, law, public policy, development practice
and technology. It develops a readiness framework drawn from the UNCTAD Frontier Technology
Readiness Index and the technology, organisation and environment model, and applies it across six
dimensions. The analysis distinguishes between two technologies that the literature often conflates, namely
3D food printing and 3D printing of agricultural hardware, such as spare parts, tools, and sensors. The paper
finds that Africa is largely unready for 3D food printing, which remains costly, small-scale, weakly
regulated, and culturally contested. Readiness for printing agricultural hardware is uneven but real, anchored
in South African industrial capacity and a growing network of fab labs and social enterprises. The paper
argues that 3D printing is a partial tool for resilience rather than a solution to hunger, and that policy should
prioritise distributed hardware production over printed food.

Keywords: 3D printing, additive manufacturing, food security, human security, technology readiness,
Africa, smallholder agriculture.

INTRODUCTION

Food security remains one of the most pressing challenges facing Africa. The continent now carries the
heaviest burden of hunger in the world. More than 20 per cent of Africa’s population, about 307 million
people, faced hunger in 2024, and almost 60 per cent of the 512 million people projected to be chronically
undernourished in 2030 are expected to live in Africa (FAO et al., 2025). Child undernutrition is equally
severe. A pooled analysis of survey data from 35 sub-Saharan African countries estimated that about 35 per
cent of children aged 6 to 59 months were stunted (Takele et al., 2022). The COVID-19 pandemic deepened
these patterns, pushing more African children into hunger through lost incomes and disrupted food supply
(Aborode et al., 2021).

These figures leave Africa far from achieving Sustainable Development Goal 2, which commits to ending
hunger, achieving food security, improving nutrition, and promoting sustainable agriculture by 2030 (United
Nations, 2015). They also sit uneasily with the African Union's Agenda 2063, which envisions African
citizens who are healthy and well nourished (African Union Commission, 2015). Population growth adds
pressure. Africa's population is projected to reach about 2.5 billion by 2050 (United Nations Department of
Economic and Social Affairs, 2022), and a young and urbanising population will demand more food and
more diverse diets.
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Food insecurity in Africa is not only a problem of production. It is bound up with a wider set of human
security threats. Conflict disrupts planting, markets and humanitarian access (Delgado et al., 2023). Climate
change erodes the productivity of rain-fed farming on which most rural households depend (Pearson &
Newman, 2019). Economic fragility and weak governance limit the capacity of states to respond (Wudil et
al., 2022). These threats compound one another, so that households exposed to both conflict and climate
shocks suffer the steepest losses (Muriuki et al., 2023).

In this context, technologies associated with the Fourth Industrial Revolution are often promoted as a way to
leapfrog structural constraints. Three-dimensional (3D) printing, also known as additive manufacturing, is
prominent among them. It builds objects layer by layer from digital files and can produce food items,
agricultural tools, spare parts and sensors close to where they are needed (Otcu et al., 2019). Advocates
suggest that 3D printing could personalise nutrition, upcycle food waste, lower the cost of farm equipment
and shorten fragile supply chains (Zhong et al., 2023).

The literature on 3D printing and food security has two weaknesses. Much of it describes technical
possibility rather than adoption. Studies of printed foods are dominated by laboratory work in China, the
United States, Australia, Europe, and Africa, which contributed only 19 of 800 documents in one global
bibliometric review (Fasogbon & Adebo, 2022). The literature also merges two distinct technologies.
Printing food and agricultural hardware differ in cost, users, regulation, and social meaning, yet they are
frequently discussed as a single solution. Claims that 3D printing could transform African food systems,
therefore, rest on thin evidence and blurred categories.

This paper addresses these gaps through a single central research question. How ready are African food
systems to adopt 3D printing in response to food insecurity driven by escalating human security threats? The
paper answers the question through a readiness framework applied to a structured review of the literature
and six expert interviews. It makes two contributions. First, it separates 3D food printing from 3D printing
of agricultural hardware and shows that African readiness differs sharply between them. Second, it frames
the debate through a human security lens, which asks whether a technology reduces the vulnerability of the
people most exposed to hunger, rather than whether it is technically impressive.

CONCEPTUAL FRAMEWORK
Human Security and Food Security

The concept of human security shifted the focus of security from protecting states to protecting people. The
United Nations Development Programme framed it as freedom from fear and freedom from want and
identified food security as one of its seven components (UNDP, 1994). A human security lens matters in this
paper because it focuses on the people who face the greatest risk. A technology that improves food supply
for affluent urban consumers may be valuable, but it does little for human security if it does not reach
displaced households, smallholder farmers or children at risk of stunting.

Food security is commonly defined as a condition in which all people, at all times, have physical and
economic access to sufficient, safe, and nutritious food that meets their dietary needs for an active and
healthy life (Babu et al., 2014). Four dimensions have long anchored the concept. Availability refers to the
physical supply of food through production, trade and stocks. Access refers to the economic and physical
ability of households to obtain food, which depends on incomes, prices and market infrastructure. Utilisation
refers to the nutritional quality of diets, food safety and the health conditions that shape how the body uses
nutrients. Stability refers to the ability of the other three dimensions to hold over time in the face of shocks
(Hendriks & Babu, 2024).

The High Level Panel of Experts on Food Security and Nutrition added two further dimensions. Agency
refers to the capacity of individuals and communities to make choices about what they eat and how their
food is produced. Sustainability refers to food system practices that protect the ability of future generations
to meet their own needs (HLPE, 2020). These six dimensions provide a useful test for any technology. A
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credible contribution to food security should improve at least one dimension for vulnerable groups without
weakening the others.

Technology Readiness

Readiness is the degree to which a society, sector or organisation has the conditions needed to adopt and
benefit from a technology. At the national level, UNCTAD's Frontier Technology Readiness Index measures
readiness across five building blocks. These are information and communication technology deployment,
skills, research and development activity, industrial activity and access to finance (UNCTAD, 2023). The
2023 index covered 166 economies and found that countries in sub-Saharan Africa were among the least
ready to use, adopt and adapt frontier technologies (UNCTAD, 2023).

At the organisational level, the technology, organisation and environment model explains adoption through
three sets of conditions. These are the characteristics of the technology itself, the resources and structure of
the adopting organisation and the external environment of markets, regulation and support institutions
(Tornatzky & Fleischer, 1990). The model is useful here because it highlights regulation and social context,
which national indices tend to downplay.

This paper combines the two approaches into a framework with six dimensions. The first is infrastructure
and energy, covering electricity, connectivity and physical premises. The second is skills and research
capacity. The third is the industrial and market base, meaning the firms, workshops and demand that can
sustain use. The fourth is finance and cost, covering both capital outlays and running costs. The fifth is
regulation, food safety and intellectual property. The sixth is social acceptance, meaning whether users and
consumers regard the technology and its products as legitimate. Each dimension is assessed separately for
3D food printing and for 3D printing of agricultural hardware.

Food insecurity in Africa as a human security problem
Climate Change

Most African farming is rain-fed and highly sensitive to shifts in rainfall and temperature. Crop modelling
for sub-Saharan Africa projects substantial losses in rain-fed cereal yields under climate change unless
farmers adapt planting dates, varieties and inputs (Alimagham et al., 2024). In West Africa, simulations for
smallholder systems in Ghana and Senegal show that climate change reduces maize and other cereal yields
under a range of future production systems (MacCarthy et al., 2021). In Ethiopia, changes in precipitation
and temperature have reduced staple crop yields, with sorghum and barley most affected (Bouteska et al.,
2024). In Southern Africa, reduced and more variable rainfall threatens both water resources and agricultural
productivity, particularly in the drier western parts of the region (Nhemachena et al., 2020). These trends
undermine availability and stability and fall hardest on households with the least capacity to adapt.

Conflict and Political Instability

Conflict damages every dimension of food security. In the Tigray region of Ethiopia, a household survey
during the war found that 77.38 per cent of households were food insecure, with many in crisis phases
(Araya & Lee, 2024). In Nigeria, conflict-induced food price shocks have reduced calorie intake and dietary
diversity (Adekunle et al., 2024). In Burkina Faso, armed conflict has displaced large populations and cut
them off from land and markets (Lusiani & Nisadina, 2024). In Ghana, farmer-herder conflicts have reduced
crop and livestock production (Otu et al., 2024). Evidence from Ethiopia and Malawi shows that exposure to
violent conflict lowers household food consumption scores, and that the effect is larger when conflict
coincides with natural shocks (Muriuki et al., 2023). Conflict also disrupts the supply of imported equipment
and spare parts, a point that becomes important when the potential of 3D printing is assessed.

Economic and Governance Constraints

Weak and uneven economic growth, high inflation and poor infrastructure limit access to food across sub-
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Saharan Africa (Wudil et al., 2022). Cross-country evidence suggests that demographic change drives
economic transformation, which in turn shapes the stability of food systems, so that food security policy
must address production, trade, population growth and urbanisation together (Guliyev et al., 2024).
Governance failures, including corruption and weak implementation capacity, blunt the effect of food
security policies (Wudil et al., 2022). A rights-based perspective holds that food insecurity in Africa reflects
political choices about resource distribution as much as technical shortfalls (Abubakar, 2023). Smallholder
farmers, who produce much of the continent's food, face persistent barriers to access to inputs, equipment,
and finance (Langyintuo, 2020).

Global Shocks

Africa’s food systems are also exposed to shocks that originate elsewhere. Lockdowns during the COVID-19
pandemic disrupted food supply chains and incomes, increasing food insecurity across the continent
(Oluoko-Odingo et al., 2024). The war in Ukraine raised global food and fertiliser prices and exposed the
dependence of many African states on imported grain (Hussein & Knol, 2023). A systematic review of the
war's effects found that higher prices, inflation and disrupted trade reduced food access for poor households
in import-dependent countries (El Bilali & Ben Hassen, 2024). These shocks show that stability, the fourth
dimension of food security, is increasingly shaped by global supply chains over which African states have
little control. The appeal of 3D printing lies partly in its promise to localise some of that production.

METHODOLOGY

The study used a qualitative design that combined a structured literature review with semi-structured expert
interviews. The two components were chosen because evidence on 3D printing in African food systems
remains limited. Published studies describe technical possibilities and international experience, while expert
interviews provide insight into how those possibilities align with African institutional, economic, and
cultural conditions.

The literature review searched Google Scholar, JSTOR and ScienceDirect for academic articles, reports and
case studies published between 2010 and 2025. Search strings combined terms for 3D printing and additive
manufacturing with terms for food security, food printing, agriculture, spare parts and Africa. Sources were
included when they addressed the application of 3D printing to food, agriculture, or manufacturing capacity,
or when they provided evidence on the human security drivers of food insecurity in Africa. Priority was
given to peer-reviewed studies and to evidence from Africa. Grey literature from United Nations agencies
was used for continental statistics and readiness indicators. Studies on 3D printing outside Africa were
retained as international reference points where they documented actual use rather than technical potential
alone.

Six experts were interviewed. They were purposively selected for their expertise in fields relevant to the
adoption of 3D printing in food systems. The participants were an agricultural economist (P1), a food
scientist (P2), a legal expert specialising in intellectual property (P3), a public policy expert (P4), a
development practitioner (P5), and a technology expert (P6). Interviews followed a guide covering the
potential uses of 3D printing in food systems, costs, scalability, consumer acceptance, regulation and
intellectual property. Participation was voluntary and informed consent was obtained from all participants.
Participants are identified by role and code to protect their anonymity.

Interview notes and transcripts were analysed thematically following the six phases described by Braun and
Clarke (2006). Initial codes were generated inductively and then organised under the six readiness
dimensions of the conceptual framework. The literature evidence was coded using the same dimensions,
allowing the interview data and the published evidence to be compared directly. Readiness on each
dimension was then judged as low, low-to-moderate, moderate, or high for each of the two technologies.

The study has limitations. Six interviews cannot represent the views of all relevant stakeholders, and the
sample did not include farmers, food processors or consumers. The readiness judgements are qualitative and
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are intended to structure debate rather than to provide a quantitative index. The evidence base on 3D printing
in African agriculture is small, which is itself a finding of the study.

FINDINGS
Two Technologies, Not One

The first finding is conceptual. The literature on 3D printing and food security combines two technologies
that should be analysed separately. The first is 3D food printing, in which edible pastes, powders or gels are
deposited layer by layer to form food products. Its main claimed benefits are personalised nutrition, texture
modification for people with swallowing difficulties, the use of alternative proteins and the upcycling of
food by-products (Dancausa Millan & Millan VVazquez de la Torre, 2024; Hamilton et al., 2024). The second
is 3D printing of agricultural hardware, in which plastics, metals or composites are printed to produce tools,
spare parts, irrigation fittings and sensors (Agron & Kim, 2024; Kataev et al., 2023).

The distinction matters because the two technologies relate to food security in different ways. Food printing
primarily acts on utilisation by changing the form and composition of existing food. It does not produce new
calories and depends on ingredients that must still be grown, processed and transported. Hardware printing
primarily affects availability and stability by keeping farm equipment running and reducing dependence on
imported parts. The two technologies also serve different users. Food printers are used by restaurants,
hospitals, military caterers and research laboratories, while printed hardware can serve smallholder farmers,
repair workshops and extension services. The sections that follow, therefore, assess each technology
separately.

International Reference Points

The countries most often cited as leaders show what 3D food printing can do and also how far it remains
from mass use. China is the leading producer of research on 3D food printing, accounting for 219 of 800
documents in a global bibliometric review (Fasogbon & Adebo, 2022). Much of this work concerns the
formulation of printable materials, including protein-based inks for extrusion printing (Guo et al., 2022).
Earlier work by Sun et al. (2015) mapped the main printing techniques, including extrusion, selective
sintering, binder jetting and inkjet printing, and noted that most were suited to small volumes and specialised
products.

In the Netherlands, 3D food printing has been tested in a real military setting. Caulier et al. (2020) provided
customisable 3D printed snack bars to 12 soldiers at a Dutch army base over four weeks. Attitudes improved
with repeated consumption, but conventional snacks were still preferred, and the printers could personalise
only the sensory qualities of the bars rather than their nutritional profile. Dutch research has also developed
machine vision systems to monitor print quality and adapt printing in real time (Ma, 2024), while research
on firms in the Netherlands and Belgium shows that adoption of additive manufacturing depends on
deliberate business strategies rather than on the technology alone (Martens et al., 2022).

In Canada, strategic foresight research on the firm Structur3D concluded that the future of printed food
depended on consumer demand, regulation and business models as much as on engineering (Charlebois &
Juhasz, 2018). Canadian consumer research found that participants rated 3D printed foods lower than
conventional equivalents, with the least interested group regarding printed foods as unnatural or unsafe
(Manstan & McSweeney, 2020).

Three lessons follow. First, even in wealthy countries with strong research systems, 3D food printing
remains confined to laboratories, pilot projects, and niche markets because printers operate slowly and
produce in small batches (Ramundo et al., 2020). Second, the benefits most clearly demonstrated, such as
texture-modified meals for patients and personalised snacks for soldiers, address the needs of specific
institutional users rather than the food-insecure poor. Third, consumer acceptance cannot be assumed even
in high-income settings.
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The evidence on agricultural hardware is different. Studies from Russia document the use of 3D printing and
3D scanning to manufacture and repair components of agricultural machinery, reducing downtime when
replacement parts are scarce (Kataev et al., 2023). Printed sensors have been developed to monitor soil, plant
health and food contamination at low cost (Agron & Kim, 2024). Work on 3D printing for development
argues that distributed manufacturing could allow communities in the Global South to produce locally
needed goods, while warning that the technology does not remove the need for skills, materials and
supportive institutions (Birtchnell & Hoyle, 2014). These uses are less visible than printed food, but they
speak more directly to the constraints facing African farmers.

The African Evidence Base

Evidence from Africa on 3D food printing is sparse. Africa contributed only 19 of 800 documents in the
global bibliometric review, with Egypt producing eight, Morocco four, Ethiopia three and Ghana two, while
Nigeria, South Africa, Tanzania and Namibia produced one each. The first African publication on the
subject appeared in 2016, about a decade after the field emerged elsewhere (Fasogbon & Adebo, 2022). The
authors called for greater collaboration with researchers abroad and for increased public funding (Fasogbon
& Adebo, 2022).

The evidence on additive manufacturing in Africa, more broadly, is stronger. South Africa accounts for
more than 60 per cent of African publications on additive manufacturing, has a national additive
manufacturing roadmap and hosts a centre of competence at the Council for Scientific and Industrial
Research, whose Aeroswift project developed large-scale metal printing for aerospace (Klenam et al., 2025).
Nigeria, Kenya and Egypt are emerging adopters, with applications in automotive parts, dentistry,
prosthetics, construction and education (Klenam et al., 2025). The same review notes that additive
manufacturing can supply customised tools and spare parts for farming, but it identifies unreliable energy
supply, high capital costs, skills shortages, underdeveloped regulation and weak supply chains as barriers
across the continent (Klenam et al., 2025).

Grassroots use is also growing. A study of eight fab labs and several social enterprises in South Africa and
Kenya found that Kenyan entrepreneurs were printing customised shoes for people with foot deformities,
headlamps for fishermen, medical equipment parts and low-cost 3D printers built from electronic waste
(Schonwetter & Van Wiele, 2020). Most of these entrepreneurs did not rely on Fab Lab printers but bought
or built their own open-source machines. Access to fab labs was limited by transport costs, fees, unfamiliar
university settings and the stigma attached to some locations (Schonwetter & Van Wiele, 2020). The study
did not identify any agricultural applications, indicating that the potential of hardware printing for farming
remains largely untested in African settings.

Evidence on African consumers is emerging. A survey of 355 South African consumers found that positive
attitudes towards 3D-printed food were strongest among respondents who recognised its convenience and
health benefits, and that understanding of its safety and usefulness shaped acceptance (Cunningham &
Adebo, 2025). Evidence on related novel foods suggests caution. In a study of more than 12,000 educated,
mostly urban respondents across 12 African countries, only 8.9 per cent expressed a definite willingness to
try artificial meat. Respondents cited the product's unnaturalness, safety concerns, possible harm to local
farmers and an unwillingness to pay more than for conventional meat (Kombolo Ngah et al., 2023).

Readiness by Dimension
Table 1 summarises readiness on each dimension. The discussion that follows explains each judgement.

Table 1. Readiness of African food systems for two forms of 3D printing

Dimension 3D food printing 3D printing of agricultural hardware
Infrastructure Low. Food printers need reliable power, | Low to moderate. Desktop printers need
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and energy hygienic premises and supply of | modest power and can be located in towns,
processed ingredients colleges and workshops

Skills and | Low. Africa produced 19 of the 800 | Moderate in South Africa and emerging in

research documents in the field Kenya, Nigeria and Egypt

Industrial and | Low. Demand is concentrated in niche | Low to moderate. Fab labs and social

market base

urban and institutional markets

enterprises already print functional parts

Finance and cost

Low. Printers and consumables are
costly and output is small

Moderate. Open source printers built from
electronic waste lower entry costs

Regulation, safety
and IP

Low. No dedicated rules on safety,
hygiene or labelling of printed food

Low to moderate. General product rules
apply, but the status of shared design files is
unclear

Social acceptance

Low to uncertain. Scepticism towards
novel foods is widespread

Moderate to high. Farmers judge a part by
whether it works

Source. Author's assessment based on the reviewed literature and interview data.
Infrastructure and Energy

Additive manufacturing depends on stable electricity, connectivity for design files and suitable premises.
Unreliable energy supply is one of the main barriers to additive manufacturing across Africa (Klenam et al.,
2025), and sub-Saharan Africa scores poorly on the infrastructure components of frontier technology
readiness (UNCTAD, 2023). Food printing is more demanding than hardware printing because it also
requires hygienic food-preparation areas, refrigeration, and a steady supply of processed ingredients.
Hardware printing is less demanding. A desktop printer can operate in a college workshop or district office
where power is reasonably reliable, and a printed part can then travel to rural users.

The interviewees saw community institutions as possible hosts for the technology. The agricultural
economist argued that local involvement would matter more than the machines themselves.

Empowering local communities through access to 3D printing technology can promote innovation and
entrepreneurship, leading to job creation and improved livelihoods. Involving community members in the
3D production process can enhance local ownership of food systems and promote food sovereignty. (P1,
agricultural economist)

This view links readiness to the agency dimension of food security. The evidence from Kenyan and South
African fab labs, however, suggests that hosting a printer in a public institution does not guarantee
community use, because transport costs, fees, and unfamiliar settings keep poorer users away (Schonwetter
& Van Wiele, 2020). Community hubs would need to be located and run with those barriers in mind.

Skills and Research Capacity

Skills are a binding constraint. African output in 3D food printing research is very small, and much of it is
concentrated in North Africa (Fasogbon & Adebo, 2022). Skills shortages are also identified as a general
barrier to additive manufacturing on the continent (Klenam et al., 2025). South Africa is the clear exception,
with established research centres and a national roadmap, offering a base from which regional training could
be built (Klenam et al., 2025). The technical skills needed to print spare parts, including computer-aided
design, printer maintenance and material selection, overlap with existing engineering and vocational
curricula. The skills needed to formulate printable foods that are safe, nutritious and culturally acceptable
are more specialised and scarcer. The wider lesson is that Fourth Industrial Revolution tools are adopted
only where curricula are deliberately redesigned to accommodate them, as Masunda (2024) argues,
proposing a curriculum framework that builds African capabilities for the technologies of the Fourth
Industrial Revolution rather than leaving their adoption to imported expertise.
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Industrial and Market Base

The market for 3D printed food in Africa is thin and concentrated in niche segments. The agricultural
economist saw a commercial opportunity, but in markets far removed from the food-insecure.

The ability to produce customised food products can create new market opportunities, particularly in niche
markets such as personalised nutrition and plant-based foods. (P1, agricultural economist)

Such markets could increase consumer engagement and producers’ margins (Dabbene et al., 2018), but they
are unlikely to reach displaced households or rural children at risk of stunting. The market for printed
hardware is more promising. Imported agricultural tools and spare parts are expensive and slow to reach
remote areas, and delays at planting or harvest can cost a season's output. Local printing of simple parts
could reduce transport costs and protect farmers from supply chain disruptions caused by conflict or global
shocks. The Kenyan social enterprises that already print functional products show that a small industrial
base exists (Schonwetter & Van Wiele, 2020), even if it has not yet turned to agriculture.

Finance and Cost

Cost is the most frequently cited barrier to 3D food printing. The high purchase price of food printers and
their maintenance costs make them unaffordable for most small and medium enterprises (Niyet et al., 2024).
Automation can reduce labour costs, which is the main economic case for the technology in countries with
labour shortages (Niyet et al., 2024), but that case carries little weight in African economies where labour is
abundant and capital is scarce. The agricultural economist identified consumables as a further obstacle.

Integrating 3D food printing into existing supply chains requires overcoming barriers such as the cost of
consumables and the complexity of the technology. (P1, agricultural economist)

Such barriers are more severe in areas with less developed infrastructure (Verma et al., 2022).

3D printing allows for the utilisation of alternative protein sources, such as insects and plant-based
materials, which are more sustainable and cost-effective compared to traditional livestock. The production
of 3D-printed food using these alternative sources can lower overall costs for consumers, making nutritious
food more accessible to vulnerable populations. (P2, food scientist)

Research supports the view that printing can help convert insect protein into acceptable products, thereby
strengthening circular insect supply chains (Chaimung & Liou, 2024). The cost advantage, however, lies in
the protein source rather than in the printing process. Insects are already eaten in many African communities
without any printing, and printing adds capital and energy costs to a product whose main virtue is cheapness.
For hardware, the cost picture is different. Open-source printers built from electronic waste show that entry
costs can be low (Schonwetter & Van Wiele, 2020), and the savings from a printed part are easy to measure
against the price and delay of an imported part.

Regulation, Food Safety and Intellectual Property

No African country appears to have regulations designed for 3D printed food. Printed foods raise new safety
questions because the printing process creates complex structures and brings food into contact with hard-to-
clean machine parts (Hamilton et al., 2024; Tran, 2019). The food scientist stressed hygiene.

Hygiene and cleanability are also critical. The cleanliness of 3D printing machines is crucial to prevent
contamination. Regulations should mandate regular maintenance and cleaning protocols to ensure machine
hygiene, essential for safe food production. (P2, food scientist)

Labelling would also be needed so that consumers know the ingredients and nutritional content of printed
products (Tran, 2019). Environmental rules matter for both technologies, since many printing materials are
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plastics and printing uses significant energy (Baiano, 2022). The public policy expert called for regulation
that steers the choice of materials.

Regulations should encourage the use of biodegradable or recyclable materials to minimise environmental
harm. (P4, public policy expert)

Intellectual property is a more complex issue for hardware. The legal expert emphasised protection for
designers.

Intellectual property (IP) rights are necessary in protecting the designs and innovations associated with 3D
printing. This includes ensuring that creators can secure patents for their designs, which is essential for
fostering innovation and investment in the technology. (P3, legal expert)

Digital design files can be easily copied and shared, which makes enforcement difficult and raises questions
about liability for faulty printed parts (Li, 2016). Strong protection can also restrict access, since food
security depends on the diffusion of useful technologies and overly strict intellectual property rules can limit
access to agricultural innovations in developing countries (Haugen et al., 2010). The Kenyan social
entrepreneurs studied by Schonwetter and Van Wiele (2020) shared designs freely and saw sharing as
essential to product development. A regime that protects original designers while allowing open sharing of
designs for basic agricultural parts would suit African conditions better than one modelled solely on
commercial patent protection.

Social Acceptance

Social acceptance is the dimension on which the two technologies differ most. Printed food is a novel food,
and novel foods face scepticism. Consumers associate them with unnaturalness, which can trigger food
neophobia and disgust (Frewer, 1998; Siegrist & Hartmann, 2020). The development practitioner framed
this as a question of cultural fit.

Integrating new technologies must respect and align with cultural norms to gain acceptance. Consumers
often associate novel food technologies with unnaturalness, which can trigger food neophobia and disgust,
hindering acceptance. (P5, development practitioner)

The food scientist linked acceptance to regulation and collaboration.

Consumer perception and regulatory frameworks are critical to scaling 3D food printing. Acceptance of 3D-
printed food products and establishing clear regulations are necessary to facilitate market entry and
expansion. Moreover, collaboration between technology developers, food scientists, and regulatory bodies
will be essential to address these challenges and promote innovation in this emerging field. (P2, food
scientist)

The African evidence supports this caution. The low willingness to try artificial meat among educated urban
Africans and their concern for local farmers suggest that printed foods will face similar resistance (Kombolo
Ngah et al., 2023). The South African survey offers a more hopeful signal, since consumers who saw
convenience and health benefits were open to printed food (Cunningham & Adebo, 2025), although those
respondents were urban consumers familiar with the concept rather than the rural poor. Printed hardware
raises no comparable problem of acceptance. A farmer judges a printed pump fitting or plough component
by whether it works and how long it lasts.

DISCUSSION

The findings answer the research question with a differentiated verdict. Africa is largely unready for 3D
food printing and unevenly but increasingly ready for 3D printing of agricultural hardware. On every
dimension of the framework, food printing scores low. It demands infrastructure that is scarce, skills that are
rare, capital that is expensive, regulation that does not exist and consumer trust that has not been earned.
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Hardware printing scores higher on most dimensions because its requirements are lighter, its benefits are
easier to measure and it builds on an existing industrial and grassroots base.

The human security lens sharpens this verdict. Food printing acts mainly on utilisation and serves
institutional and affluent users. Its strongest demonstrated applications, such as texture-modified meals and
personalised snacks, do little to help households facing hunger due to conflict, drought or price shocks.
Hardware printing, in contrast, acts on availability and stability. A spare part printed in a district town can
keep an irrigation pump or a grinding mill working when conflict or a global shock has cut the supply of
imported parts. This is a modest contribution, but it reaches the people and the vulnerabilities that human
security concerns.

The findings also qualify the leapfrogging narrative that surrounds Fourth Industrial Revolution
technologies. International benchmarks indicate that 3D food printing has not transformed food systems,
even in wealthy countries. It would be unrealistic to expect it to do so in countries that rank among the least
ready for frontier technologies (UNCTAD, 2023). The literature's tendency to merge food printing and
hardware printing has lent the former a promise that belongs more properly to the latter.

These conclusions carry implications for policy. Governments and development partners should prioritise
distributed hardware production, supported by vocational training, open design repositories for common
agricultural parts and partnerships with existing fab labs and social enterprises. Public investment in food
printing should be limited to research and niche uses with clear benefits, such as clinical nutrition.
Regulators should prepare food safety, hygiene and labelling rules before printed foods reach the market,
and intellectual property policy should balance protection for designers with open access to basic
agricultural designs.

The study also points to an agenda for research. The absence of documented agricultural uses of 3D printing
in African fab labs is striking and deserves direct investigation. Field studies are needed that track the cost,
durability and uptake of printed parts among smallholder farmers and repair workshops, and consumer
research on printed food should extend beyond urban respondents.

CONCLUSION

This paper examined how ready African food systems are to adopt 3D printing in response to food insecurity
driven by escalating human security threats. The question matters because Africa now carries the world's
heaviest burden of hunger, and because 3D printing is often presented as a technology that could help the
continent leap past its structural constraints. Using a readiness framework with six dimensions, drawn from
the UNCTAD Frontier Technology Readiness Index and the technology, organisation and environment
model, the paper applied that framework to a structured review of the literature and to six expert interviews.
Its central finding is that readiness depends on which technology is meant.

Africa is largely unready for 3D food printing. The technology remains confined to laboratories, pilot
projects and niche markets, even in China, the Netherlands and Canada. In Africa, it faces an unreliable
energy supply, scarce specialised skills, high capital and consumable costs, a lack of dedicated regulation,
and widespread scepticism towards novel foods. Its main benefits act on utilisation for institutional and
affluent users rather than on availability and access for the hungry.

Africa is more ready for 3D printing of agricultural hardware, although this readiness is uneven. South
Africa has a national roadmap, established research centres, and industrial capacity; Kenya, Nigeria, and
Egypt are emerging adopters; and a grassroots network of fab labs and social enterprises already prints
functional products on low-cost, open-source machines. A locally printed spare part can keep farm
equipment working when conflict or a global shock disrupts imports, which strengthens the availability and
stability of food supply.
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The paper, therefore, concludes that 3D printing is a partial tool for resilience rather than a solution to
hunger in Africa. It cannot replace investment in agricultural productivity, rural infrastructure, social
protection, peacebuilding and climate adaptation. Within those limits, it can make a real contribution if
policy is directed at the right form of the technology.

Three priorities follow. Governments and development partners should support distributed production of
agricultural hardware through vocational training, open design libraries and existing fab labs. Public
spending on 3D food printing should be confined to research and to niche uses with clear benefits.
Regulators should develop rules on the safety, hygiene and labelling of printed food, while keeping basic
agricultural designs open.

Future research should test these conclusions in the field, following printed parts from design to use on
smallholder farms and including farmers, processors and extension officers as participants. The answer to
the question in this paper's title is therefore neither yes nor no. Africa is not ready for printed food, but it is
becoming ready to print the tools that grow it.

REFERENCES

1. Aborode, A. T., Ogunsola, S. O., & Adeyemo, A. O. (2021). A crisis within a crisis: COVID-19
and hunger in African children. American Journal of Tropical Medicine and Hygiene, 104(1), 30—
31. https://doi.org/10.4269/ajtmh.20-1213

2. Abubakar, I. B. (2023). Poverty, policies and politics: A rights-based approach to food insecurity in
Africa. African Human Rights Yearbook, 6(1). https://doi.org/10.29053/2523-1367/2022/v6all

3. Adekunle, C. P., Papa, K., Akinbode, S. O., & Ndoye, E. (2024). Effects of conflict-induced food
price shocks on food security outcomes of the households in Nigeria. The Journal of Developing
Areas, 58(4), 149-165. https://doi.org/10.1353/jda.2024.a931320

4.  African Union Commission. (2015). Agenda 2063: The Africa we want. Addis Ababa: African
Union Commission.

5. Agron, D.J. S., & Kim, W. S. (2024). 3D printing technology: Role in safeguarding food security.
Analytical Chemistry, 96(11), 4333-4342. https://doi.org/10.1021/acs.analchem.3c05190

6. Alimagham, S., van Loon, M. P., Ramirez-Villegas, J., Adjei-Nsiah, S., Baijukya, F., Bala, A.,
Chikowo, R., Silva, J. V., Soulé, A. M., Taulya, G., Tenorio, F. A., Tesfaye, K., & van Ittersum,
M. K. (2024). Climate change impact and adaptation of rainfed cereal crops in sub-Saharan Africa.
European Journal of Agronomy, 155, 127137. https://doi.org/10.1016/j.eja.2024.127137

7. Araya, T., & Lee, S. K. (2024). Conflict and households' acute food insecurity: Evidences from the
ongoing war in  Tigrai, Northern Ethiopia. Cogent Public Health, 11(1).
https://doi.org/10.1080/27707571.2024.2331844

8. Babu, S. C., Gajanan, S. N., & Sanyal, P. (2014). Introduction to food security: Concepts and
measurement. In Food security, poverty and nutrition policy analysis (2nd ed., pp. 7-28).
Academic Press. https://doi.org/10.1016/B978-0-12-405864-4.00001-6

9. Baiano, A. (2022). 3D printed foods: A comprehensive review on technologies, nutritional value,
safety, consumer attitude, regulatory framework, and economic and sustainability issues. Food
Reviews International, 38(5), 986-1016. https://doi.org/10.1080/87559129.2020.1762091

10. Birtchnell, T., & Hoyle, W. (2014). 3D printing for development in the Global South: The 3D4D
challenge. Palgrave Macmillan. https://doi.org/10.1057/9781137365668

11. Bouteska, A., Sharif, T., Bhuiyan, F., & Abedin, M. Z. (2024). Impacts of the changing climate on
agricultural productivity and food security: Evidence from Ethiopia. Journal of Cleaner Production,
449, 141793. https://doi.org/10.1016/j.jclepro.2024.141793

12. Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in
Psychology, 3(2), 77-101. https://doi.org/10.1191/1478088706gp0630a

13. Caulier, S., Doets, E., & Noort, M. (2020). An exploratory consumer study of 3D printed food
perception in a real-life military setting. Food Quality and Preference, 86, 104001.
https://doi.org/10.1016/j.foodqual.2020.104001

Page 2797
www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IILTEMAS | Volume XV, Issue IX September 2026

-
o
z

»

~

14. Chaimung, C., & Liou, S. (2024). The potential of 3D food printing to promote the circular insect
supply chain in achieving sustainable development goals. Journal of Insects as Food and Feed, 1—
14. https://doi.org/10.1163/23524588-00001080

15. Charlebois, S., & Juhasz, M. (2018). Food futures and 3D printing: Strategic market foresight and
the case of Structur3D. International Journal on Food System Dynamics, 9(2), 138-148.
https://doi.org/10.18461/ijfsd.v9i2.923

16. Cunningham, N., & Adebo, O. A. (2025). Consumers' attitudes toward 3D food printing: A South
African context. Journal of Food Science, 90(4), e70198. https://doi.org/10.1111/1750-3841.70198

17. Dabbene, L., Ramundo, L., & Terzi, S. (2018). Economic model for the evaluation of 3D food
printing. In 2018 IEEE International Conference on Engineering, Technology and Innovation
(ICE/ITMC) (pp. 1-7). IEEE. https://doi.org/10.1109/1CE.2018.8436285

18. Dancausa Millan, M. G., & Millan Vazquez de la Torre, M. G. (2024). 3D food printing:
Technological advances, personalization and future challenges in the food industry. International
Journal of Gastronomy and Food Science, 100963. https://doi.org/10.1016/j.ijgfs.2024.100963

19. Delgado, C., Tschunkert, K., & Smith, D. (2023). Food insecurity in Africa: Drivers and solutions.
Stockholm International Peace Research Institute. https://doi.org/10.55163/GISR2785

20. El Bilali, H., & Ben Hassen, T. (2024). Disrupted harvests: How Ukraine—Russia war influences
global food systems. A systematic review. Policy Studies, 45(3-4), 310-335.
https://doi.org/10.1080/01442872.2024.2329587

21. FAO, IFAD, UNICEF, WFP, & WHO. (2025). The state of food security and nutrition in the world
2025. Rome: FAO. https://doi.org/10.4060/cd6008en

22. Fasogbon, B. M., & Adebo, O. A. (2022). A bibliometric analysis of 3D food printing research: A
global and African perspective. Future Foods, 6, 100175.
https://doi.org/10.1016/j.fufo.2022.100175

23. Frewer, L. (1998). Consumer perceptions and novel food acceptance. Outlook on Agriculture,
27(3), 153-156. https://doi.org/10.1177/003072709802700304

24. Guliyev, E., Atashov, B., & Guliyeva, A. (2024). Role of government policy in food security:
Economic and demographic challenges. Problems and Perspectives in Management, 22(2), 488—
501. https://doi.org/10.21511/ppm.22(2).2024.38

25. Guo, Z., Arslan, M., Li, Z., Cen, S., Shi, J., Huang, X., Xiao, J., & Zou, X. (2022). Application of
protein in extrusion-based 3D food printing: Current status and prospectus. Foods, 11(13), 1902.
https://doi.org/10.3390/foods11131902

26. Hamilton, A. N., Mirmahdi, R. S., Ubeyitogullari, A., Romana, C. K., Baum, J. I., & Gibson, K. E.
(2024). From bytes to bites: Advancing the food industry with three-dimensional food printing.
Comprehensive  Reviews in  Food Science and Food Safety, 23(1), e13293.
https://doi.org/10.1111/1541-4337.13293

27. Haugen, H. M., Muller, M. R., & Narasimhan, S. M. (2010). Food security and intellectual
property rights: Finding the linkages. In T. Wong & G. Dutfield (Eds.), Intellectual property and
human development: Current trends and future scenarios (pp. 103-138). Cambridge University
Press. https://doi.org/10.1017/CB09780511761027.006

28. Hendriks, S. L., & Babu, S. C. (2024). What is food security? In S. L. Hendriks & S. C. Babu
(Eds.), Handbook on public policy and food security (pp. 26-30). Edward Elgar.
https://doi.org/10.4337/9781839105449.00008

29. HLPE. (2020). Food security and nutrition: Building a global narrative towards 2030. A report by
the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food
Security. Rome: HLPE.

30. Hussein, H., & Knol, M. (2023). The Ukraine war, food trade and the network of global crises. The
International Spectator, 58(3), 74-95. https://doi.org/10.1080/03932729.2023.2211894

31. Kataev, Y., Goncharova, Y., Sviridov, A., & Tuzhilin, S. (2023). Application of 3D printing and
3D scanning technologies in the manufacture and repair of agricultural machinery. Machinery and
Equipment for Rural Area, 1, 34-38. https://doi.org/10.33267/2072-9642-2023-1-34-38

32. Klenam, D., Asumadu, T., Bodunrin, M., Obiko, J., Genga, R., Maape, S., McBagonluri, F., &
Soboyejo, W. (2025). Toward sustainable industrialization in Africa: The potential of additive

Page 2798
www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IILTEMAS | Volume XV, Issue IX September 2026

-
o
z

»

~

manufacturing. An overview. Frontiers in Manufacturing Technology, 4, 1410653.
https://doi.org/10.3389/fmtec.2024.1410653

33. Kombolo Ngah, M., Chriki, S., Ellies-Oury, M. P., Liu, J., & Hocquette, J. F. (2023). Consumer
perception of "artificial meat" in the educated young and urban population of Africa. Frontiers in
Nutrition, 10, 1127655. https://doi.org/10.3389/fnut.2023.1127655

34. Langyintuo, A. (2020). Smallholder farmers' access to inputs and finance in Africa. In S. Gomez y
Paloma, L. Riesgo & K. Louhichi (Eds.), The role of smallholder farms in food and nutrition
security (pp. 133-152). Springer. https://doi.org/10.1007/978-3-030-42148-9 7

35. Li, P. (2016). Mass customisation governance: Regulation, liability and intellectual property of re-
distributed manufacturing in 3D printing [Doctoral thesis, University of Sussex]. Sussex Research
Online. http://sro.sussex.ac.uk/id/eprint/63397/

36. Lusiani, P., & Nisadina, Y. (2024). Conflict-induced displacement and food insecurity: The case of
Burkina Faso as Sahel's growing epicenter of conflict. Journal of Islamic World and Politics, 8(1),
25-34. https://doi.org/10.18196/jiwp.v8il.63

37. Ma, Y. (2024). 3D food printing: Monitoring, quality assessment and adaptation with machine
vision [Doctoral thesis, Wageningen University]. https://doi.org/10.18174/654521

38. MacCarthy, D. S., Adam, M., Freduah, B. S., Fosu-Mensah, B. Y., Ampim, P. A. Y., Ly, M.,
Traore, P. S., & Adiku, S. G. K. (2021). Climate change impact and variability on cereal
productivity among smallholder farmers under future production systems in West Africa.
Sustainability, 13(9), 5191. https://doi.org/10.3390/su13095191

39. Manstan, T., & McSweeney, M. B. (2020). Consumers' attitudes towards and acceptance of 3D
printed foods in comparison with conventional food products. International Journal of Food
Science and Technology, 55(1), 323-331. https://doi.org/10.1111/ijfs.14292

40. Masunda, O. (2024). Peace Education 4.0: A curriculum framework for Africa. Academia
Lasalliana Journal of Education and Humanities, 6(1). https://doi.org/10.55902/SJCE7127

41. Martens, R., Fan, S. K., & Glarenc, G. (2022). Advanced strategies for adopting additive
manufacturing in the Netherlands and Belgium. International Journal of Applied Research in
Business and Management, 3(2), 23-47. https://doi.org/10.51137/ijarbm.2022.3.2.3

42. Muriuki, J., Hudson, D., & Fuad, S. (2023). The impact of conflict on food security: Evidence from
household data in Ethiopia and Malawi. Agriculture and Food Security, 12(1).
https://doi.org/10.1186/s40066-023-00447-z

43. Nhemachena, C., Nhamo, L., Matchaya, G., Nhemachena, C. R., Muchara, B., Karuaihe, S. T., &
Mpandeli, S. (2020). Climate change impacts on water and agriculture sectors in Southern Africa:
Threats and opportunities for sustainable development. Water, 12(10), 2673.
https://doi.org/10.3390/w12102673

44. Niyet, I. Z., Dogan, S., & Cobanoglu, C. (2024). Feeding the future: 3D food printing as a strategic
response  to  labor  scarcity.  Worldwide  Hospitality —and  Tourism  Themes.
https://doi.org/10.1108/WHATT-07-2024-0161

45. Oluoko-Odingo, A., Akukwe, T., Asaka, J., Mba, C., Okwueze, F., Okonkwo, U., Onyekwelu, C.,
Ubachukwu, N., Nwodo, M., & Nnoli, C. (2024). Food security governance: Taming the endemic
starvation for peace and sustainable development in Africa. African Journal of Food, Agriculture,
Nutrition and Development, 24(6), 26659-26677. https://doi.org/10.18697/ajfand.131.24745

46. Otcu, G. B., Ramundo, L., & Terzi, S. (2019). State of the art of sustainability in 3D food printing.
In 2019 IEEE International Conference on Engineering, Technology and Innovation (ICE/ITMC).
IEEE. https://doi.org/10.1109/1CE.2019.8792611

47. Otu, B. O., Sarfo, K., & Impraim, K. (2024). Will there be enough food and meat for the people?
Assessing the effects of farmer—herder conflicts on food security in Ghana. Journal of Asian and
African Studies. https://doi.org/10.1177/00219096241235291

48. Pearson, D., & Newman, P. (2019). Climate security and a vulnerability model for conflict
prevention: A systematic literature review focusing on African agriculture. Sustainable Earth, 2(1).
https://doi.org/10.1186/542055-019-0009-6

Page 2799
www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IILTEMAS | Volume XV, Issue IX September 2026

-
o
z

»

~

49. Ramundo, L., Otcu, G. B., & Terzi, S. (2020). Sustainability model for 3D food printing adoption.
In 2020 IEEE International Conference on Engineering, Technology and Innovation (ICE/ITMC).
IEEE. https://doi.org/10.1109/ICE/ITMC49519.2020.9198402

50. Schonwetter, T., & Van Wiele, B. (2020). Social entrepreneurs' use of fab labs and 3D printing in
South Africa and Kenya. The African Journal of Information and Communication, 26, 1-24.
https://doi.org/10.23962/10539/30356

51. Siegrist, M., & Hartmann, C. (2020). Perceived naturalness, disgust, trust and food neophobia as
predictors of cultured meat acceptance in ten countries. Appetite, 155, 104814,
https://doi.org/10.1016/j.appet.2020.104814

52. Sun, J., Zhou, W., Huang, D., Fuh, J. Y. H., & Hong, G. S. (2015). An overview of 3D printing
technologies for food fabrication. Food and Bioprocess Technology, 8(8), 1605-1615.
https://doi.org/10.1007/s11947-015-1528-6

53. Takele, B. A, Gezie, L. D., & Alamneh, T. S. (2022). Pooled prevalence of stunting and associated
factors among children aged 6-59 months in Sub-Saharan Africa countries: A Bayesian multilevel
approach. PLOS ONE, 17(10), e0275889. https://doi.org/10.1371/journal.pone.0275889

54. Tornatzky, L. G., & Fleischer, M. (1990). The processes of technological innovation. Lexington
Books.

55. Tran, J. L. (2019). Safety and labelling of 3D printed food. In F. C. Godoi, B. R. Bhandari, S.
Prakash & M. Zhang (Eds.), Fundamentals of 3D food printing and applications (pp. 355-371).
Academic Press. https://doi.org/10.1016/B978-0-12-814564-7.00012-2

56. UNCTAD. (2023). Technology and innovation report 2023. Opening green windows:
Technological opportunities for a low-carbon world. Geneva: United Nations.

57. UNDRP. (1994). Human development report 1994. New York: Oxford University Press.

58. United Nations Department of Economic and Social Affairs. (2022). World population prospects
2022: Summary of results. New York: United Nations.

59. United Nations. (2015). Transforming our world: The 2030 Agenda for Sustainable Development
(A/RES/70/1). New York: United Nations.

60. Verma, V. K., Kamble, S. S., Ganapathy, L., Belhadi, A., & Gupta, S. (2022). 3D printing for
sustainable food supply chains: Modelling the implementation barriers. International Journal of
Logistics Research and Applications, 26(9), 1190-1216.
https://doi.org/10.1080/13675567.2022.2037125

61. Wudil, A. H., Usman, M., Rosak-Szyrocka, J., Pilaf, L., & Boye, M. (2022). Reversing years for
global food security: A review of the food security situation in Sub-Saharan Africa (SSA).
International Journal of Environmental Research and Public Health, 19(22), 14836.
https://doi.org/10.3390/ijerph192214836

62. Zhong, L., Lewis, J. R., Sim, M., Bondonno, C. P., Wahlqvist, M. L., Mugera, A., . . . Hodgson, J.
M. (2023). Three-dimensional food printing: Its readiness for a food and nutrition insecure world.
Proceedings of the Nutrition Society, 82(4), 468-477. https://doi.org/10.1017/S0029665123003002

Page 2800
www.rsisinternational.org


http://www.rsisinternational.org/

	ABSTRACT
	INTRODUCTION
	CONCEPTUAL FRAMEWORK
	Human Security and Food Security
	Technology Readiness

	Food insecurity in Africa as a human security problem
	Climate Change
	Conflict and Political Instability
	Economic and Governance Constraints
	Global Shocks

	METHODOLOGY
	FINDINGS
	Two Technologies, Not One
	International Reference Points
	The African Evidence Base
	Readiness by Dimension
	Infrastructure and Energy
	Skills and Research Capacity
	Industrial and Market Base
	Finance and Cost
	Regulation, Food Safety and Intellectual Property
	Social Acceptance


	DISCUSSION
	CONCLUSION

