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Africa’s development journey is entering a new phase. For decades, countries in the global economy 
competed largely on capital, labour, and natural resources. Today, competitiveness increasingly depends 
on a country’s capacity to generate, govern, and apply data and frontier technologies. This shift is not 

only technological; it is economic and developmental.

A new economic system is emerging, powered by digital platforms, artificial intelligence, next-generation 
production technologies, biotechnology, and clean-energy innovation. These technologies are reshaping 
production, trade, and productivity and redefining labour markets. Beyond efficiency gains, frontier technologies 
can become engines of sustainable economic growth by enabling higher productivity, reducing production 
costs, improving resource efficiency and supporting low-carbon industrialization.

Significantly, these technologies function because they are powered by data. Artificial intelligence, digital 
platforms and next-generation production systems depend on the ability to collect, process, and use vast 
quantities of information. Data has therefore become a new factor of production, comparable to land, labour 
and capital in previous economic eras. When governed effectively, data can support better public policy, 
improve service delivery, strengthen markets, and enable more inclusive and resilient economic growth.

Against this backdrop, this edition of the Economic Report on Africa examines how data and frontier technologies 
will shape Africa’s industrialization, competitiveness, and participation in global value chains.

Historically, the continent has participated in the global economy largely as a supplier of primary commodities. 
In a data-driven economy, however, value creation depends less on raw material extraction and more on 
knowledge, processing capability and technological capacity. Applying frontier technologies to production 
allows countries to move up value chains, diversify exports, and reduce vulnerability to commodity price 
cycles—all central to achieving sustained and inclusive growth. Without deliberate policy action, Africa risks 
remaining a consumer rather than a producer of digital value.

Much of the data generated in Africa is stored, processed, and monetized outside the continent. Indeed, Africa 
hosts less than 1 per cent of global data centres. When data are processed abroad, costs rise, delays increase, 
and sensitive information—including medical, financial, and security data—becomes more vulnerable. The 
implications go far beyond technology. This is an economic and sovereignty challenge. In the digital economy, 
those who control data infrastructure increasingly shape industrial development and participation in global 
value chains.

Yet Africa is not starting from a position of weakness. The continent possesses significant strategic advantages. 
Africa holds about 30 per cent of the world’s critical minerals essential for clean-energy technologies. But the 
central question is whether Africa will export raw materials, or apply frontier technologies to build industries 
that transform them into batteries, processors, digital infrastructure, and advanced manufactured goods—
thereby creating higher-value jobs and long-term growth.

Beyond manufacturing, frontier technologies also offer major opportunities in agriculture by improving 
productivity, optimizing resource use, and strengthening climate resilience. In this way, technological adoption 
can support food security, stabilize rural incomes, and promote environmentally sustainable growth across 
the continent. As production systems evolve, so too will the nature of work. Africa’s demographic growth will 
become a dividend only if young people acquire digital, technical, and analytical skills; otherwise, technological 
change risks widening inequality rather than reducing it.

FOREWORD 
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No country can navigate this transition alone. Regional 
integration will be decisive. The African Continental Free 
Trade Area can support industrialization, innovation, and 
investment. In this respect, frontier technologies can 
reduce transaction costs, improve transparency, and 
enhance trade efficiency, enabling Africa to leapfrog 
legacy systems. Greater trade efficiency expands markets 
for African firms, encourages investment, and supports 
sustained economic expansion.

For this potential to materialize, strong national leadership, 
skills development, adoption by micro, small and medium 
enterprises, reliable infrastructure, and data governance 
frameworks are essential. Strategic investments in data 
infrastructure and energy generation can reinforce each other by enabling digital industries while supporting 
electricity demand and reliability. Such investments also facilitate the growth of clean industries and services, 
supporting a transition toward greener and more resilient economic structures.

Ultimately, none of this will be possible without financing. Public budgets alone will not suffice. Africa must 
strengthen domestic resource mobilization and mobilize long-term capital through its markets, pension funds, 
sovereign wealth funds, and blended finance instruments.

Accordingly, ERA 2026 identifies four priority policy directions: building sovereign digital and data infrastructure; 
investing in skills and innovation ecosystems; deepening regional markets through the AfCFTA; and mobilizing 
long-term financing for technological transformation.

I extend my sincere appreciation to the experts, policymakers, and stakeholders who contributed to this 
publication.

The moment before us is historic. The choices made in this decade will determine whether Africa participates 
in the next phase of globalization as a producer of technology-enabled value or remains primarily a market 
for it. The opportunity is real, but it will not materialize on its own. It requires deliberate policy, sustained 
investment, and coordinated regional action.

If pursued with urgency and collective leadership, Africa can transform data, innovation, and regional 
integration into the foundations of productive employment, industrialization, and shared prosperity. In doing 
so, frontier technologies can underpin a model of economic growth that is not only faster, but also more 
inclusive, environmentally sustainable, and resilient to external shocks.

Claver Gatete
Under-Secretary-General and Executive Secretary
United Nations Economic Commission for Africa

No country can navigate this 
transition alone. Regional 
integration will be decisive. 
The African Continental 
Free Trade Area can support 
industrialization, innovation, 
and investment. 
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GROWTH THROUGH INNOVATION: 
HARNESSING DATA AND FRONTIER 
TECHNOLOGIES FOR AFRICA’S ECONOMIC 
TRANSFORMATION

Africa has experienced steady economic 
growth in recent years, though it was mostly 
driven by factor accumulation, with negative 

contributions from productivity, suggesting limited 
improvements in efficiency. Growth failed to 
translate into robust structural transformation over 
time, as the reallocation of labour and capital from 
subsistence agriculture and other low-productivity 
activities to higher-productivity manufacturing and 
modern services have been slow.

Harnessing data and frontier technologies now offers 
significant opportunities for Africa to break from low-
productivity activities and forge new pathways for 
inclusive and sustainable growth and to progress 
towards achieving the Sustainable Development 
Goals and Agenda 2063: the Africa We Want. Strategic 
adoption of frontier technologies across sectors can 
leapfrog traditional development pathways, raise 
efficiency, support industrial upgrading, increase 
productivity, attract investment, create jobs, and 
promote economic diversification.

Data as the new oil fueling frontier technologies 
have driven economic transformation worldwide. 
They hold immense potential to accelerate Africa’s 
growth, innovation, and social development. 
How? By enabling more efficient decision-making, 
fostering entrepreneurship, economic inclusion and 
sustainability, and improving governance and service 
delivery. 

Against this backdrop, the Economic Report on 
Africa 2026: Growth through innovation: Harnessing 
data and frontier technologies for Africa’s economic 
transformation (ERA 2026) examines the impact of 
innovation on economic growth and development. It 
describes the role of frontier technologies in driving 
economic transformation, as well as the associated 
opportunities, risks, and challenges. It features the 
centrality of data and the new oil fueling frontier 
technologies and it highlights the actions that African 

countries can take to maximize the transformative 
potential of frontier technologies. 

The report finds that enhancing Africa’s sectoral 
productivity and closing productivity gaps through 
technology and innovation require differentiated 
strategies. Agriculture risks being left behind without 
climate-smart reforms, irrigation, and targeted 
finance. Manufacturing emerges as Africa’s anchor 
for structural transformation through technology 
and innovation-enabled clusters and corridors. 
And services thrive on digitalization and finance, 
but Africa’s human capital is too limited to sustain 
their growth. Institutions and regional cooperation 
are decisive for technology and innovation to 
flourish. Stronger governance, regulation, and 
public procurement can consolidate technological 
gains, while the African Continental Free Trade Area 
(AfCFTA) provides the scale to embed innovation in 
regional value chains. 

ERA 2026 also details how frontier technologies are 
transforming Africa’s production landscape, with their 
effects differing sharply across sectors. Productivity 
gains from frontier technologies in agriculture remain 
limited due to rainfed farming, low mechanization, 
weak research and development (R&D), and restricted 
digital access. In some contexts, digital adoption 
imposes short-term adjustment costs when new 
practices disrupt traditional production systems. 
Manufacturing is the most consistent beneficiary 
of frontier technologies, with digital automation, 
industrial clustering, and smart logistics generating 
scale economies and sustaining efficiency 
gains underpinning industrial diversification and 
structural transformation. For services, rapid 
and significant benefits arise from digitalization 
in telecommunications, fintech, logistics, and 
e-commerce. The ensuing innovation comes mainly 
through technology diffusion, adaptation, and new 
business models rather than formal R&D.
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Frontier technologies such as artificial intelligence, 
machine learning, advanced data analytics, and 
photonic sensors are transforming production 
processes and service delivery across agriculture, 
healthcare, finance, energy, transport, and public 
services. Across Africa, smart agriculture is 
increasing yields while reducing input costs. 
Digital platforms are expanding access to markets 
and finance. Renewable energy technologies are 
extending electricity access to underserved regions. 
Electric vehicles are creating jobs and generating 
export earnings. And e-government services are 
improving efficiency and transparency. 

Frontier technologies are also operationalizing the 
AfCFTA by integrating digital systems, such as the 
Pan-African Payment and Settlement System, which 
facilitates real-time cross-border payments and 
intra-African trade. They also present significant 
opportunities in extracting and producing Africa’s 
critical minerals, which account for 30 per cent of the 
world’s supply, and in producing green hydrogen and 
nuclear energy, essential for Africa’s clean energy 
transition.  

Despite these developmental benefits, frontier 
technologies carry such risks as displacing labour, 
widening social and economic inequality, skill 
mismatches, and gender gaps, particularly in 

economies with large informal sectors and limited 
absorptive capacity. Data sovereignty is another 
critical issue, as most of Africa’s data are stored 
in foreign data centres, compromising national 
security and privacy, and worsening cybersecurity 
threats, technological dependencies, and supply 
chain disruptions. And Africa’s incomplete data 
chains—with limited data centres, high processing 
costs, fragmented datasets, and weak integration—
undermine data’s value creation and local benefits. 
Governance and regulation issues are also 
prominent, as fragmented international cooperation 
and geopolitical tensions hinder technological 
advancements. 

Amid these constraints, the report stresses that 
harnessing data and frontier technology to enable 
Africa’s economic transformation requires many 
things. Strengthening governance structures. 
Forming partnerships. Promoting R&D, innovation, 
and entrepreneurship. Reforming the international 
financing environment. De-risking investment in 
frontier technologies. Developing inclusive and 
dynamic strategic policies, plans, and roadmaps. 
Promoting human capital development for the future. 
And investing in hard and soft infrastructure. 
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KEY MESSAGES 
AFRICA’S GROWTH IS EXPECTED TO 
IMPROVE IN THE MEDIUM TERM
Economic growth is expected to reach 4.0 per 
cent in 2026, underpinned by rising infrastructure 
investments, stabilizing commodity prices, and 
increasing trade flows. Inflationary pressures are 
expected to ease thanks to declining food prices and 
stable currencies. But monetary policy will continue to 
diverge across countries and trade remains vulnerable 
to global shocks. The fiscal outlook continues to be 
favourable, amid external and domestic shocks. But 
debt service obligations remain high, constraining 
the fiscal space for development financing.

The pace of poverty reduction has been slow in 
Africa, despite some countries having reduced the 
number of both the multidimensional and monetarily 
poor. Most of these countries are Least Developed 
Countries, mostly in the Sahel and Central Africa. 
Poverty and inequality persist as development 
challenges, despite the progress of several countries 
towards widespread poverty reduction. Stubbornly 
wide gender gaps remain a major barrier to economic 
progress, and digital gender divides persist across 
most parts of Africa, with limited progress towards 
closing the gaps. Africa’s input-driven growth model 
has thus proven inadequate for countries to exploit 
the opportunities emanating from technology and 
innovation. 

Closing the productivity gaps through technology 
and innovation is proving to be the promising path to 
resilient and sustainable growth. Frontier technology 
readiness can deliver delayed but lasting dividends 
for African countries. Unlike broad innovation inputs 
that yield only short-lived gains, technology and 
innovation generate sustained productivity and 
income growth, with effects compounding over time. 

The economic impact of frontier technologies and 
innovation depends on complementary capabilities 
that enable absorbing, adapting, and scaling 
technologies. Skills, industrial capacity, digital and 
physical infrastructure, institutional quality, and 
access to finance—all shape whether technological 
advances translate into economywide productivity 
gains. Skills and industrial upgrading are found to be 

consistent drivers of productivity and output, while 
ICTs provide short-term boosts. Financial systems, 
however, need to be reoriented through facilities 
such as innovation bonds, blended finance facilities, 
and regional credit lines to channel resources into 
high-productivity sectors. Africa’s policy emphasis 
should shift from “digital expansion” alone to 
ecosystem readiness, especially skills and productive 
capabilities, to convert technological diffusion into 
sustained productivity gains.

DESPITE THE INCREASING 
INVESTMENT, STRUCTURAL 
WEAKNESSES CONTINUE TO LIMIT 
TECHNOLOGY AND INNOVATION 
PROGRESS 
Governments and private sector actors continue 
to invest in technologies that have the potential to 
address unique development challenges facing 
African countries, in areas including health, financial 
inclusion, education, and food security. Despite such 
policy frameworks as the African Union’s 1 per cent 
target and the establishment of national science and 
innovation funding initiatives, ERA 2026 highlights 
how structural weaknesses limit technology and 
innovation progress for African countries and fail to 
generate immediate productivity gains and growth. 

DATA ARE ASSETS, SOURCES 
OF REVENUE, AND BUSINESS 
OPPORTUNITIES FOR AFRICAN 
ECONOMIES
Data have become a critical economic asset, driving 
economic transformation worldwide. They thus hold 
immense potential to accelerate growth, innovation, 
and social development by enabling more efficient 
decision-making, fostering entrepreneurship, and 
improving governance and service delivery. As 
data move through their lifecycle of generation, 
storage, processing, analysis, and economic impact, 
increasing value is created at each stage, making it a 
new stream of revenue for industries that have data 
as part of their business portfolio. Data are thus a 
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defining resource in the digital era—the “new oil” that 
is renewable and multiplies in value when analysed 
and shared. 

Clean energy technologies enable more reliable 
and sustainable power supplies for industry and 
households, thus fostering new business models 
and rural electrification. These technologies have 
improved manufacturing processes, streamlined 
logistics, reduced operational costs, and brought 
greater transparency to trade, thus strengthening the 
competitiveness of local industries and supporting 
inclusive economic growth.

AFRICA HAS A COMPARATIVE 
ADVANTAGE IN DEVELOPING 
FRONTIER TECHNOLOGIES
With 30 per cent of the world’s critical mineral reserves 
and 60 per cent of its best solar resources, Africa has 
a demonstrable comparative advantage to capture a 
meaningful share of the growing market for frontier 
technologies but must leverage them effectively. By 
localizing production and increasing participation in 
the local, regional, and global value chains, countries 
can drive forward with green industrialization. To 
do this requires a skilled workforce, but Africa has 
a comparative demographic advantage thanks to its 
young population, which tends to be more adaptive 
and creative. 
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KEY RECOMMENDATIONS 
To maximize the transformative potential of data and 
frontier technologies in Africa, governments should:

STRENGTHEN GOVERNANCE OF 
FRONTIER TECHNOLOGIES
Governance of frontier technologies should 
maximize their benefits while minimising associated 
risks, considering each country’s national plans, 
priorities, and aspirations. This involves establishing 
responsive legal, regulatory, and administrative 
frameworks, along with strong institutions to oversee 
their implementation. Cybersecurity remains a high-
risk factor as many African countries lack basic IT 
infrastructure to fight cybercrime. These deficits 
emphasise the urgent need to monitor, prevent, 
investigate, and prosecute cybercrimes.

FOSTER PARTNERSHIPS 
FOR ADVANCING FRONTIER 
TECHNOLOGIES 
Partnerships are important for expanding funding, 
talent, and infrastructure to share the risks of 
failure and navigate complex market-entry rules. 
National, regional, and international partnerships 
need to be collectively developed and agreed upon 
by stakeholders, including the government, industry, 
and civil society. As the costs of R&D, infrastructure, 
and technology acquisition increase, such alliances 
can meet the demands of many frontier technologies 
as well as to reduce costs associated with accessing 
those technologies, especially for poorer countries.

PROMOTE RESEARCH, 
DEVELOPMENT, INNOVATION, AND 
ENTREPRENEURSHIP 
Frontier technologies are driven by R&D to create 
new products and services, and significantly 
enhance existing ones. They enable companies to 
become more competitive by increasing funding, 
creating centres of excellence in frontier technology 
development and adaptation. Africa’s gross R&D 
expenditure across all sectors accounted for only 
about 1.3 per cent of the global total in 2023, mostly 

by the public sector rather than industry. African 
countries now need to increase R&D funding, create 
centres of excellence in frontier technologies 
development and adaptation, and improve the policy 
and regulatory environment for commercializing, 
seeding and attracting technology startups.

FORMULATE INCLUSIVE AND 
STRATEGIC POLICIES, PLANS, AND 
ROADMAPS
This should be based on research and scientific 
evidence and directly connected to industrialization, 
economic diversification, job creation, and national 
ownership. Policies must remain flexible, adaptable, 
and responsive to emerging trends and unforeseen 
challenges. They must also be inclusive in their 
design and implementation to take care of diverse 
interests, concerns, opportunities, and risks across 
different societal groups.

DEVELOP HUMAN CAPITAL FOR THE 
FUTURE 
Current estimates indicate that only 13 per cent 
of African children can read and understand a 
simple story by the age of 10; just 15 per cent of all 
students in upper secondary are enrolled in technical 
and vocational education training, and the gross 
enrolment rate in tertiary education is 9 per cent, 
compared with 42 per cent globally. Broadening 
access and enhancing performance are urgently 
needed to empower the population, especially youth 
and women, with the technology, entrepreneurial, 
creative, and problem-solving skills to use, design, 
and produce knowledge products. Countries need 
comprehensive national education action plans that 
include prioritizing context-specific strategies for 
curriculum reform and the professional development 
of teachers, with a focus on practical skills. 
Establishing structured collaboration frameworks 
between universities and industry can ensure that 
education—particularly in science, technology, 
engineering, and mathematics—is aligned with 
industry and national needs.
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INVEST IN HARD AND SOFT 
INFRASTRUCTURE
High-performance computing facilities, cloud 
computing platforms, and 5G networks are essential 
for enabling widespread digital technology use. 
Africa’s infrastructure deficit, along with its data 
sovereignty challenges, must be addressed. The 
huge energy requirements of data centres make 
the joint investment in data centres and energy 
generation an appealing financing option. Data 
centres can guarantee the offtake of energy 
generated. Investments in science, technology, and 
industrial parks can support the commercialisation 
of emerging innovations. And electric vehicle 
charging stations can facilitate the mass adoption 
of clean transportation solutions. But the success of 
these advanced systems relies heavily on traditional 
infrastructure, such as dependable energy, transport, 
and communication networks.

REFORM THE INTERNATIONAL 
FINANCING ENVIRONMENT
Structural features of the international financing 
environment increasingly constrain investment in 
R&D, innovation, and entrepreneurship, including 
improvements in sovereign debt resolution 
frameworks, the international credit-rating 
ecosystem, and the global tax architecture. Reforms 
to these global systems can address persistent 
financing challenges and revenue leakages, thus 
reducing reliance on costly external borrowing. 

DE-RISK INVESTMENT IN FRONTIER 
TECHNOLOGIES
Investing in frontier technologies entails a significant 
risk, particularly during the early stages of R&D. The 
risks are pronounced for smaller firms and startups, 
which lack the financial resilience to absorb potential 
losses. Providing tax incentives or offering loan 
guarantees can provide partial or complete credit 
protection against a project's failure by encouraging 
lending and investment in high-risk ventures. 
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IN SUM
Africa’s economic growth has mostly been driven by factor accumulation—increases in land use, capital, 
and labour—rather than by genuine gains in productivity. With notable technological adoption and significant 
potential for rapid scaling, data, frontier technologies and innovation offer significant opportunities for 
African nations to transform their economies through boosting productivity, creating jobs, fostering economic 
diversification, and strengthening global competitiveness.

With its youthful population, abundant critical minerals, and unmatched hydro and solar power potential, 
Africa is uniquely positioned to claim a defining share of the technology-driven future. Technologies from 
green hydrogen to small nuclear reactors and integrated renewable grids can power industries, data centres, 
and regional electricity markets. Digital payment systems and mobile money can strengthen cross-border 
payments and intra-African trade, expanding financial inclusion, strengthening regional integration, and 
creating opportunities for entrepreneurship and micro, small, and medium enterprises. And data and frontier 
technologies can enhance transparency, boost efficiency, and sharpen the continent’s competitiveness in the 
global market.
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CHAPTER 1 RECENT ECONOMIC  
AND SOCIAL DEVELOPMENTS

Africa’s economic growth for 2026 is estimated at 4.0 per cent, underpinned by public investment and fiscal 
reform. Services continue to dominate sectoral contribution to growth, with technology and innovation 
playing key roles. Technological advancements have increasingly driven economic growth through enhanced 
financial inclusion, education, entrepreneurship, governance, and access to services. Inflationary pressure 
is anticipated to ease in the medium term, supported by declining food prices and stable currencies. But 
monetary policy will continue to vary across countries due to inflation, policy uncertainty, and domestic 
currency movement.

The 2026 fiscal outlook for Africa remains favourable amid external and domestic shocks, reflecting fiscal 
consolidation efforts through spending rationalization and enhanced domestic revenue mobilization. But 
debt service obligations remain high, because the bulk of Africa’s debt is denominated in foreign currencies, 
which increases vulnerability to external shocks, including exchange rate fluctuations. 

Poverty and inequality remain persistent development challenges in Africa, despite progress towards 
poverty reduction in several countries. The same is true with the continent’s rapid urbanization, which has 
not consistently translated into broad-based social development—despite its contribution to social and 
economic transformation. Gender gaps remain a major barrier to economic progress as digital gender 
divides persist across most of Africa. Unlocking the continent’s full human capital requires prioritizing 
comprehensive strategies that address the root causes of inequality and enable meaningful participation 
in the technology-driven future.

Enhancing productivity and growth and harnessing data and frontier technologies1 through innovation could 
drive meaningful economic progress and development. Technological adoption in Africa has gained traction 
and has great potential for rapid scaling and positive externalities in other sectors.
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RECENT ECONOMIC PERFORMANCE
GROWTH PERFORMANCE IS EXPECTED TO IMPROVE IN 2026–2027, 
SUPPORTED BY PUBLIC INVESTMENT
Africa’s real gross domestic product (GDP) growth 
rebounded to an estimated 4.0 per cent in 2025 but will 
remain unchanged in 2026 before increasing to 4.1 per 
cent in 2027. This exceeds the 2026 growth rate in Latin 
America and the Caribbean (2.3 per cent) but lags that 
in East and South Asia (4.6 per cent) and Western Asia 
(4.1 per cent) (figure 1.1). Growth in Africa is supported 
by improved macroeconomic stability, especially in large 
economies, as well as stronger public investment and 
consumer spending. But external challenges remain, 
including geopolitical tensions and domestic disruptions 
in the aftermath of elections in some countries. Through 
fiscal consolidation, some countries have streamlined spending and prioritized capital spending to foster long-
term sustainable economic growth. That strategic infrastructure investment—for example, Egypt’s high-speed 
rail network, Kenya’s Konza Technopolis, and Nigeria’s Lagos Free Trade Zone—has contributed substantially 
to growth.2 These projects not only enhance economic connectivity but also attract critical foreign direct 
investment (FDI), reflecting improved investor confidence. 

Figure 1.1 GDP growth, by developing region, 2019–2027
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Figure 1.1 GDP growth, by developing region, 2019–2026

Africa’s real gross domestic 
product (GDP) growth rebounded 
to an estimated 4.0 per cent in 
2025 but will remain unchanged 
in 2026 before increasing to 4.1 
per cent in 2027. 

a. Estimated. b. Projected.
Source: United Nations 2026. 
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Despite overall GDP growth recovery in Africa in 2025,  
oil-importing countries and oil-exporting countries diverged 
(figure 1.2). Growth in oil-importing countries was supported by 
the decline in the price of crude oil—which fell to $64 per barrel 
in November 2025 from $79 in January 2025, following global 
uncertainties due to United States tariffs and weaker-than-
expected demand in Brazil, China, and India.3 But the decline 
in oil prices is expected to negatively impact Africa’s major  
oil-exporting countries, particularly crude oil exporters 
(Algeria, Angola, and Nigeria). For most oil-exporting 
countries, petroleum products account for more than 80 per cent of total exports, exposing them to 
heightened volatility and uncertainty.4 Expectations of higher global demand, combined with a projected 
increase in oil production by the Organization of the Petroleum Exporting Countries and non-member 
oil-producing countries (OPEC+), would exert further downward pressure on oil prices, hence the 
improved inflation outlook, especially in oil-importing countries.5 Growth in oil-exporting countries is thus 
projected to decline from an estimated 4.0 per cent in 2025 to 3.7 per cent in 2026, underpinned by the 
expected lower oil prices and a possible market surplus due to OPEC+’s expected production increase.  
The fragile political situations in Libya, South Sudan, and Sudan may also weigh negatively on the overall 
outlook of oil-exporting countries.

Figure 1.2 GDP growth in Africa, by economic grouping, 2019–2027

 
a. Estimated. b. Projected.
Source: United Nations 2026. 
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Figure 1.2 GDP growth in Africa, by economic grouping, 2019–2027

Despite overall GDP growth 
recovery in Africa in 2025, 
oil-importing countries 
and oil-exporting countries 
diverged.
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West Africa is projected to grow at an average of 4.5 
per cent in 2025–2026, with Senegal growing fastest, 
at an average of 7.5 per cent, followed by Niger at 
7.1 per cent and Guinea at 6.6 per cent. Senegal’s 
economic growth is driven by the hydrocarbons 
sector, favourable economic conditions (including 
low inflation), and the government’s transformation 
agenda. That agenda focuses on fostering FDI, 
achieving a digital transformation that ensures 
effective government administration and public 
service delivery, closing the digital divide, and 
supporting innovation and entrepreneurship.7 
Economic growth in Niger is driven by high oil 
production and exports, as well as stronger domestic 
demand.8 The mining industry and agriculture drive 
Guinea’s economic growth, which has not been 
inclusive: the national poverty rate remains at 52 
per cent.9 The subregion’s largest economy, Nigeria, 
is projected to grow by 3.8 per cent in 2026, driven 
by higher oil production and a robust services sector 
and supported by domestic reform gains.10 Despite a 
slight shift in the country’s economic structure after 

rebasing GDP figures to a base year of 2019, services 
still remain the dominant sector.11

The economic outlook for North Africa remains robust 
in the near term, with real GDP growth projected to 
rise by an average of 4.4 per cent in 2025–2026, 
driven by increasing energy production in Algeria; rich 
natural resources, expanding extractive industries, 
and the growing services sector in Mauritania; strong 
recovery in agricultural output and construction  
and higher household consumption in Morocco; and 
tourism receipts and remittances inflows in Tunisia. 

Frontier technologies and 
innovation have high potential 
to accelerate the transformation 
of Africa’s services sector and to 
increase their contribution to GDP.

EAST AFRICA LEADS SUBREGIONAL GROWTH
Growth varied across subregions in 2025. East Africa is the fastest growing, at an estimated 5.4 per cent in 
2025 and a projected 5.8 per cent in 2026 (figure 1.3), driven by strong growth in Djibouti, Ethiopia, Rwanda, 
Tanzania, and Uganda and bolstered by continued domestic demand, strong infrastructure investment, and 
robust performance in the agriculture and mining sectors.6 But conflicts in eastern Democratic Republic of the 
Congo, Madagascar, and South Sudan remain the subregion’s most pressing issue. 

Figure 1.3 GDP growth in Africa, by subregion, 2024–2026
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Source: United Nations 2026. 
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Figure 1.4 Sectoral contribution to GDP in Africa, 2019–2024

The recovery in oil production and infrastructure investment in Libya is expected to boost the subregion’s 
economic performance, though the civil war in Sudan continues to weigh on it.

Central Africa’s growth is projected to rise from an estimated 2.8 per cent in 2025 to 3.0 per cent in 2026, 
driven by increased infrastructure investment (digital and transport), improved governance and institutions, 
macroeconomic stability (fiscal and monetary policy), natural resources (agriculture and energy), and 
urbanization, led by Cameroon, the Central African Republic, and Chad.12 Despite being on the rise, Central 
Africa is considered one of the lowest performing subregions on the continent, just above Southern Africa. 

Southern Africa’s growth is projected to be 1.9 per cent in 2025–2027, following steady growth of 1.6 per cent 
since 2024. Growth in the subregion’s largest economy, South Africa, remained subdued at an estimated 1.0 
per cent in 2025 but is projected to reach 1.4 per cent in 2026 and 1.7 per cent in 2027. Energy disruptions, 
water shortages, and extreme weather continue to weigh on the country’s growth performance.13 Zambia (at 
4.9 per cent) and Zimbabwe (at 4.2 per cent) are projected to lead the subregion’s growth in 2026, driven by 
improvements in mining and agriculture, as well as strong agricultural performance and commodity prices.14

SERVICES CONTINUE TO DOMINATE GDP, WITH TECHNOLOGY AND 
INNOVATION PLAYING A KEY ROLE
The services sector continues to dominate in Africa’s output, accounting for 48.8 per cent in 2024, followed by 
industry (26.2 per cent), including manufacturing at 11.3 per cent, and agriculture (17.9 per cent) (figure 1.4). 
Frontier technologies and innovation have high potential to accelerate the transformation of Africa’s services 
sector (as well as the manufacturing sector) and to increase their contribution to GDP because the services 
sector is still dominated by traditional services in most African countries (figure 1.5).15 At the same time, 
most economies are agriculture dependent and thus need policy strategies and investment to leverage 
frontier technologies and innovation while taking into consideration the effects of climate change to increase 
agricultural productivity (chapter 2).

Figure 1.4 Sectoral contribution to GDP in Africa, 2019–2024
 

Source: ECA calculations based on United Nations (2025) UNData.
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sectoral contribution to GDP in Africa, 2010–2024

Figure 1.5 Relationship between technology readiness and sectoral contribution to GDP in Africa, 2010–2024

Source: ECA calculations based on United Nations Conference on Trade and Development (2025c) and World Bank (2025h).
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The low impact and uptake of frontier technologies 
and innovation on some economic sectors may 
underscore the need for greater technological 
investment (figure 1.6). Strategic investment in 
digital infrastructure and inclusive digital policies 
and reforms have brought large economic and 
social benefits to many African countries recently. 
Technological advancements have increasingly 
driven economic growth through enhanced financial 
inclusion, education, entrepreneurship, governance, 
and access to service (chapter 3). These efforts 
have increased the contributions of the information 
and communications technology (ICT) sector to 
GDP, boosted financial inclusion, improved efficiency 
in public services, and raised FDI in Ghana, Kenya, 
Mauritius, Morocco, and South Africa. Full fibre-optic 
connectivity and the development of eGovernment 
platforms have fostered a robust ICT business 
process outsourcing sector that contributes  
5.8 per cent to Mauritius’s GDP and has created 
jobs. In South Africa, digital infrastructure initiatives 
have supported the growth of the ICT and financial 
technology sectors, which are projected to contribute 
15–20 per cent to GDP by 2025, up from 8–10 per 
cent in 2020, thereby boosting job creation, financial 
inclusion, and productivity.16 

In Kenya, infrastructure expansion, supportive 
policy frameworks, and financial innovation 
(particularly M-Pesa) have broadened access to 
financial services; supported small and medium-
size enterprises with access to credit and business 
management tools; and promoted easy, fast, and 
secure cashless transactions.17 Adopting digital 
technologies across agriculture, manufacturing, 
transport, and trade is expected to contribute to GDP, 
create hundreds of thousands of jobs, and generate 
substantial tax revenue by 2028.18 In Ghana, the 
ICT sector’s contribution to GDP rose from GHS 4.4 
billion in 2016 to GHS 21 billion in 2022, to account 
for approximately 4 per cent of GDP. Digital financial 
services, especially mobile money, have boosted 
economic inclusion, increasing GDP by 8–10 per cent 
and income per capita by around $530 at the end 
of 2023.19 Skills development, improved industrial 
activity, and access to finance, coupled with effective 
institutions and regional cooperation, have been the 
key drivers of productivity and overall growth among 
African countries (chapter 2).

© Adobe Stock
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Figure 1.6 Fiscal deficit (general government net lending or 
borrowing) in Africa, by subregion, 2019–2027

FISCAL IMBALANCES AMID HIGH 
UNCERTAINTY
African countries have grappled with considerable 
fiscal pressure in the aftermath of the Covid-19 
pandemic, as they manage large public debt burdens, 
high interest rates, and growing public spending 
demands. Fiscal space remains constrained, driven 
by persistent debt vulnerabilities, elevated borrowing 
costs, and subdued global economic activity. 
Consequently, many governments are expected 
to pursue tighter fiscal policies to narrow budget 
deficits and reduce debt burdens. 

The average fiscal deficit is projected to return to pre-
pandemic levels in 2025–2026 as countries gradually 
consolidate their fiscal positions through spending 
rationalization and enhanced domestic revenue 
mobilization.20 Many African countries have adopted 
electronic tax filing and payment systems, which 
have improved the efficiency and effectiveness of 
tax administration and boosted tax collection.21 They 
have also adopted biometric technology to ensure 
that public programmes are well targeted and have 
better coverage, optimizing government spending.22 
But fiscal incentives and other direct government 
initiatives are not mobilized enough to support 

frontier technologies. The average overall fiscal 
deficit is projected to narrow from an estimated 5.5 
per cent of GDP in 2025 to 5.2 per cent in 2026 and 
4.5 per cent in 2027 (figure 1.6). This performance 
is supported by fiscal consolidation, supplemented 
by reduced fiscal pressure in Ethiopia, Ghana,  
and Zambia, where ongoing debt restructuring 
has been accompanied by austerity measures.23 
The improving fiscal balance in 2026 reflects the 
projected increase in government revenue, in line 
with the expected pickup in economic growth, which 
will outpace the rise in non-interest government 
spending.24 

The average overall fiscal deficit 
is expected to narrow from an 
estimated 5.5 per cent of GDP in 
2025 to 5.2 per cent in 2026 and 4.5 
per cent in 2027, supported by fiscal 
consolidation efforts.

a. Estimated. b. Projected.
Source: ECA calculations based on IMF (2025a). 

Figure 1.6 Fiscal deficit (general government net lending or borrowing) in Africa, by subregion, 2019–2027
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Overall, Africa’s fiscal position 
remains highly vulnerable to both 
external and domestic shocks, 
constraining governments’ ability to 
effectively manage public finances 
and undermining their ability to 
respond to shocks.

Official development assistance (ODA) has long 
played an important role in supporting development 
programmes and both the external and fiscal 
positions of many African countries. But ODA to 
Africa has seen a heavy downturn recently, from 
a peak of $80.2 billion in 2020 to $71.8 billion in 
2024.25 Globally, ODA declined by an estimated 9–17 
per cent in 2025, amplifying the continent’s fiscal 
vulnerabilities. The health and education sectors 
are most affected by ODA cuts because they are 
the main focus of donors. This threatens fiscal 
sustainability, which may reverse development gains, 
including in health and education, and exacerbate 
poverty, food security, and humanitarian crises.26 In 
the face of declining ODA, Algeria and Egypt have 
embarked on a digital transformation for effective 
tax administration, diversified revenue sources, and 
implemented public financial management reforms.27 
Ethiopia is restricting spending by gradually phasing 
out quasi-fiscal activities through subsidy reforms, 
while Uganda is working towards modernizing 
tax administration and fighting tax evasion  
using the Electronic Fiscal Receipting and 
Invoicing Solution.28 However, challenges ranging 
from structural constraints to fragile political 
situations limit some countries’ ability to generate 
sufficient domestic funds to finance inclusive and  
sustainable development.29

All subregions except Central Africa are projected 
to narrow their fiscal deficit in 2026. North Africa 
has the largest deficit, at an estimated 9.2 per cent 
of GDP in 2025 and a projected 8.6 per cent in 2026 
(see figure 1.6). In Morocco, the widening deficit is 
underpinned by the government’s pledge to raise 
wages, infrastructure investment spending, and social 
spending associated with the continuing reforms.30 
In Algeria, the elevated fiscal deficit is due to lower 
expected hydrocarbon revenue, which will outweigh 
fiscal consolidation efforts.31 Southern Africa follows 
with the deficit projected to widen from 4.6 per cent 
of GDP in 2024 to 4.8 per cent in 2026, due mainly to 
surging debt servicing costs that are constraining the 
subregion’s fiscal space.

In East Africa, the average fiscal deficit increased 
slightly, from 3.2 per cent of GDP in 2024 to an 
estimated 3.5 per cent in 2025, but is projected 
to decrease to 3.2 per cent in 2026. The modest 
deterioration reflects the envisaged high government 
spending in some countries—such as Rwanda, 

which is investing in large-scale infrastructure 
projects, including the ongoing construction of 
Bugesera International Airport and the expansion 
of the national air carrier, RwandAir. Uganda may 
also see higher spending in 2026 as it prepares for 
the January elections, while Tanzania has a higher 
budget allocation for improving sports, transport, 
and hospitality infrastructure. The projected 
fiscal improvement in 2026 is attributed to fiscal 
consolidation efforts in such countries as Ethiopia, 
which is striving to meet its International Monetary 
Fund (IMF) programme targets,32 and Kenya, 
which is consolidating its fiscal position without  
an IMF programme.

In Central Africa, the fiscal deficit remained steady at 
an estimated 1.9 per cent of GDP in 2025, the lowest 
average fiscal deficit across subregions in 2025 and 
2026. This is attributed largely to a resurgence in 
economic activity, supported by favourable global 
commodity prices—notably for crude oil, natural gas, 
minerals, and other primary exports.33 Cameroon and 
Chad are under IMF programmes that are associated 
with fiscal discipline and sustainability.34 

By contrast, West Africa is projected to improve its 
fiscal position by narrowing its deficit from 4.0 per 
cent of GDP in 2024 to 3.3 per cent in 2026, driven by 
fiscal consolidation efforts in most of the subregion’s 
countries. Nigeria’s fiscal performance is buoyed by 
the government’s ongoing commitment to policy 
reforms implemented in 2023, including removing 
fuel subsidies. Ghana’s improved fiscal performance 
is supported by an IMF programme and debt 
restructuring, like the Gambia, which is supported by 
a new IMF programme to strengthen macroeconomic 
fundamentals and institutional efficiency.35
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Overall, Africa’s fiscal position remains highly vulnerable to both external and domestic shocks, constraining 
governments’ ability to effectively manage public finances and undermining their ability to respond to shocks. 
Fiscal rules can play a vital role in promoting fiscal sustainability by offering a sound framework for budgeting 
and debt management. But despite adopting fiscal rules, many African countries still struggle with enforcement 
(table 1.1). Striking a balance between fiscal discipline and growth-oriented public spending remains a critical 
challenge amid constrained fiscal space.

Table 1.1 Fiscal management performance in selected African countries, by fiscal rule, 2016–2025  
(per cent of GDP)

   Ceiling 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025a

Debt rulea

Burundi 50 46.1 46.9 53.0 60.1 65.9 66.5 68.3 47.2 43.2 35.3

Congo 70 84.6 88.5 71.2 77.6 102.5 97.8 92.5 99.0 95.4 91.4

Kenya 50 50.4 53.9 56.4 59.1 68.0 68.2 67.8 73.0 65.6 68.3

Namibia 35 45.8 43.8 48.7 57.6 64.3 69.6 69.4 67.2 67.7 63.9

Rwanda 50 41.1 45.6 49.2 53.6 68.7 67.3 60.9 63.4 67.2 77.6

Tanzania 50 39.8 40.1 42.0 40.4 41.3 43.4 44.9 47.4 48.2 47.1

Uganda 50 31.3 33.6 34.9 37.5 46.3 50.3 50.2 50.2 51.8 54.0

Budget balance ruleb

Burundi 3 -7.1 -5.0 -6.7 -6.4 -6.3 -5.2 -10.6 -7.4 -5.0 -6.5

Kenya 3 -7.5 -7.4 -6.9 -7.4 -8.1 -7.2 -6.1 -5.7 -5.5 -5.4

Nigeria 2.5-3 -4.6 -5.4 -4.3 -4.7 -5.6 -5.5 -5.4 -4.2 -3.4 -4.5

Rwanda 3 -2.3 -2.5 -2.6 -5.1 -9.5 -7.0 -5.7 -5.0 -6.6 -6.3

Uganda 3 -2.6 -3.8 -3.0 -4.8 -7.8 -7.4 -6.0 -4.9 -5.8 -6.7

a. Estimated.
a. The debt ceiling is set at 50 per cent of GDP for countries in the East African Community and at 70 per cent of GDP for countries in the the 
Central African Economic and Monetary Community. 
b. The fiscal deficit ceiling is set at 3 per cent for countries in the East African Community and at 3.0 per cent of GDP for 2007–2022 at 2.5 per 
cent of GDP since 2023 in Nigeria.
Source: IMF 2022, 2025a.

PUBLIC DEBT REMAINS ELEVATED 
AMIDST GROWING DEBT SERVICE 
BURDEN
Due to sustained fiscal consolidation efforts across 
many African countries, public debt ratios have 
broadly stabilized but remain far above pre–Covid-19 
pandemic levels. Debt service obligations continue 
to be high, constraining fiscal space for climate 
and development financing. Many African countries 
dedicate a larger share of their budget to interest 
payments than to health, education, or investment in 
development. During 2021–2023, African countries 
spent $70 per capita on interest payments, $44 per 

Beyond easing access to 
international capital markets, 
African countries must strengthen 
fiscal discipline and foster a 
conducive environment for 
investment to develop domestic 
capital markets, especially local 
currency bond markets and local 
currency eurobonds.
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Figure 1.7 Gross government debt in Africa, by subregion, 
2019–2027

capita on health, and $63 per capita on education. 
More than half of Africa’s people live in countries 
where interest payments exceed development 
spending, exacerbating their vulnerable situation.36 
In addition, more than half of Africa’s external debt 
is denominated in US dollars, which exposes the 
continent to exchange rate risks and high borrowing 
costs. For Angola, Ethiopia, Ghana, Nigeria, South 
Africa, and Zambia, more than 80 per cent of external 
debt is denominated in US dollars.37 The continent’s 
average debt-to-GDP ratio is projected to decline 
marginally from 65.3 per cent in 2024 to an estimated 64.2 per cent in 2025, 63.5 per cent in 2026, and 63.0 
per cent in 2027 (figure 1.7). But these averages mask considerable variation across countries, with debt 
remaining particularly high in several economies.

Figure 1.7 Gross government debt in Africa, by subregion, 2019–2027

The continent’s average debt-to-
GDP ratio is projected to decline 
marginally from 65.3 per cent in 
2024 to an estimated 64.2 per cent 
in 2025, 63.5 per cent in 2026, and 
63.0 per cent in 2027.

Stabilizing debt indicators has been facilitated 
by easing global financial conditions, the gradual 
post-pandemic economic recovery, and fiscal 
consolidation in most countries. After two years of 
restricted access to international capital markets 
and heightened debt servicing costs, African 
countries have seen sovereign bond spreads narrow. 
This has enabled Benin, Côte d’Ivoire, Kenya, and 
Senegal to return to international markets with new 
bond issuances.38 African countries’ participation in 
international capital markets has been associated 

with macroeconomic instability, low international 
reserves, declining ODA and concessional financing, 
tight domestic capital markets, and thus a means of 
diversifying financing sources.39 Nonetheless, this 
borrowing has been undertaken at higher yields than 
in the past, reflecting continued investor caution and 
concern for debt sustainability.40 The perceived high 
risk associated with lending to African economies is 
because the proceeds from new eurobond issuances 
are used to refinance old bonds or to finance ongoing 
fiscal spending. But the success of bond issuances by 

a. Estimated. b. Projected.
Source: ECA calculations based on IMF (2025a). 
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African countries shows diverse innovative financing 
sources, lower refinancing risk, and strong investor 
demand.41 Beyond easing access to international 
capital markets, African countries must strengthen 
fiscal discipline and foster a conducive environment 
for investment to develop domestic capital markets, 
especially local currency bond markets and local 
currency eurobonds.

Recent policy reforms have further contributed to 
better fiscal management—notably, reallocating 
resources away from inefficient spending, such as 
generalized fuel subsidies, towards high-impact 
sectors, such as infrastructure, human development, 
and climate adaptation. An estimated 30–40 per 
cent of infrastructure investment is wasted, but 
infrastructure spending inefficiency can be curbed 
by improving governance, enhancing transparency, 
and adopting digital tools such as e-procurement 
platforms and blockchain technology.42 The 
(partial or full) removal of fuel subsidies in Angola, 
Guinea, Kenya, and Nigeria and the subsidy reform 
plans announced in Egypt and Senegal in 2025 
have supported fiscal consolidation.43 In addition, 
ongoing debt restructuring in Ethiopia, Ghana, and 
Zambia has reinforced a shift towards more prudent 
fiscal practices. Despite these advances, as well 
as measures to reform the international financial 
architecture, more needs to be done to ensure that 
debt restructuring through the Group of 20 Common 
Framework are timely, orderly, and effective.

Debt vulnerability remains elevated. Persistently high 
borrowing costs and currency depreciation pressure 
continue to weigh on debt dynamics, preventing 
a return to pre–Covid-19 pandemic debt ratios. In 
2026, North Africa is projected to register the highest 
average debt-to-GDP ratio, at 73.9 per cent, followed 
by Southern Africa (70.0 per cent), Central Africa 
(49.4 per cent), West Africa (48.7 per cent), and East 
Africa (45.4 per cent) (see figure 1.7).

Frontier technologies and the associated 
technological innovation could play a major role 
in strengthening countries’ fiscal frameworks and 
addressing debt vulnerability. Debt vulnerability 
across the region remains acute amid persistent 
uncertainty and exposure to a range of domestic 
and external shocks. These include subdued global 
growth prospects, volatile international financial 
conditions, declining ODA, weak domestic resource 
mobilization, poor public financial management, 

geopolitical conflicts, commodity price fluctuations, 
and climate-induced disasters—all of which could 
exacerbate debt burdens.

Tight external financing conditions also elevate 
rollover risks, especially for countries with large debt 
maturities and limited refinancing options. Although 
debt restructuring is sometimes necessary, it remains 
a socially costly and administratively complex 
process.44 The growing debt-servicing burden is 
increasingly constraining fiscal space for critical 
public investment and essential services, particularly 
in infrastructure, health, and education. As of March 
2025, 7 African countries were in debt distress, and 
11 others were at high risk of debt distress.45

The median interest-to-revenue ratio in Africa 
exceeded 12 per cent in 2024 and is projected to 
remain elevated, underscoring constrained access  
to concessional finance and a growing reliance 
on high-cost market-based borrowing.46 With debt 
servicing absorbing up to 12 per cent of revenue 
in many countries—compared with 4 per cent in 
advanced economies—as well as limited revenue 
mobilization ability, declining ODA, and low growth 
prospects, the ability to finance critical spending 
on education, health, and infrastructure remains 
constrained. This is despite countries such as Benin, 
Côte d’Ivoire, Liberia, Nigeria, and Senegal expanding 
their tax base, reducing tax exemptions, and 
strengthening tax administration, especially through 
digitalization.47 

Reshaping debt markets and debt management tools 
is essential to mitigate Africa’s fiscal vulnerability  
to shocks. Since the bulk of Africa’s debt is 
denominated in foreign currencies, debt-to-GDP 
ratios increase with the depreciation of exchange 
rates. This rather than weak economic fundamentals 
decreases African countries’ fiscal space, pushing 
them deeper into the debt trap due to the burden of 
dollar-denominated liabilities. 

Across Africa, tax administrations 
are progressively deploying 
machine learning and artificial 
intelligence to strengthen revenue 
mobilization, improve compliance, 
and modernize taxpayer services. 
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To address this, African countries should expand 
the use of local currency financing, synthetic local 
currency bonds, and foreign exchange risk-hedging 
instruments to shield budgets from volatility and 
bring predictability to debt service. A recent milestone 
illustrates the way forward: in March 2025, Côte 
d’Ivoire issued Communauté financière africaine 
(CFA)–denominated bonds worth CFA 220 billion 
on international markets, the first such issuance by  
an African state.48 Scaling such innovations across 
the continent would not only safeguard fiscal stability 
but also strengthen African capital markets, attract 
long-term domestic investors such as pension funds, 
and enhance sovereignty over development finance. 
Senegal’s recent issuance of CFA 364 billion in local 
currency bonds (equivalent to $644 million) in July 
2025 reflects growing investor confidence in local 
currency bond markets and should be replicated.49 

In addition to issuing local currency bonds on 
international capital markets, deepen financial 
markets could allow African countries to tap 
into the excess liquidity observed in the financial  
systems of several countries. Local currency bond 
markets are critical in strengthening financial 
stability and supporting sustainable growth. They 
help cushion domestic economies against the 
impact of financial crises by providing local avenues 
for saving and investment. In fact, the recent crises, 
including those triggered by the Covid-19 pandemic, 

have underscored their importance: efficient local 
currency bond markets reduce exposure to currency 
risk, a frequent source of financial distress, thereby 
enhancing resilience. Beyond crisis mitigation, local 
currency bond markets are also central to developing 
broader capital markets to better transmit monetary 
policy. Together, these factors can lead to stronger, 
more sustainable long-term economic growth.

Given African economies’ exposure to hard currency 
debt and frequent currency depreciation, synthetic 
local currency loans have proven an effective 
solution. In fact, synthetic local currency loans are 
structured so that borrowers repay their foreign 
currency–denominated debt in their local currency. 
This is achieved through derivatives, typically 
cross‑currency swaps, which transfer the foreign 
exchange risk from the borrower to international 
investors or intermediaries.

Benin and Côte d’Ivoire showed dynamism in 2025 
by reducing their debt burden and expanding fiscal 
space through innovative financing instruments 
such as debt swaps. Benin used its 2019 debt swap 
to free approximately 40 million euros for health 
and education needs,50 and Côte d’Ivoire replaced 
expensive debt with cheaper financing using  
a debt-for-development swap operation to support 
the education sector, freeing up 330 million  
euros in 2025.51 

HARNESSING DATA AND FRONTIER TECHNOLOGIES TO MOBILIZE 
DOMESTIC REVENUE
Across Africa, tax administrations are progressively deploying machine learning and artificial intelligence to 
strengthen revenue mobilization, improve compliance, and modernize taxpayer services. Kenya, Rwanda, and 
South Africa have embedded artificial intelligence in their systems to curb fraud and enhance tax compliance. 

In 2013, the Kenya Revenue Authority launched iTax and rolled out eTIMS with artificial intelligence—based 
features to detect anomalies in filing patterns, automate value added tax refund verification, and flag suspicious 
transactions. The artificial intelligence–assisted approach supported the recovery of 62 billion Kenyan 
shillings in previously undeclared taxes in 2021/2022 through targeted audits and fraud prevention. Artificial 
intelligence–enabled chatbots cut taxpayer-query response times by more than 50 per cent, and integration of 
mobile money data with artificial intelligence–driven detection reduced value added tax refund fraud by nearly 
30 per cent between 2019 and 2021.52 However, sustained and specialized capacity is required to maintain 
models and mitigate algorithmic bias. While gains are notable among large taxpayers, gaps remain for micro 
and small businesses—underscoring the need to complement artificial intelligence with simplified regimes 
and taxpayer education.
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Figure 1.8 Annual consumer inflation in Africa, by 
subregion, 2020–2027

The Rwanda Revenue Authority has used its Electronic Billing Machines to introduce machine learning 
algorithms to enhance risk-based compliance and short-term revenue forecasting. This has led to a 5–8 per 
cent increase in compliance among high-risk taxpayers, a 12 per cent reduction in short-term forecasting 
errors, and time savings in audit prioritization.53 

In 2016, the South African Revenue Service integrated machine learning algorithms into its tax compliance 
status system as a step towards artificial intelligence–enabled tax governance.54 Advanced algorithms in 
the Tax Compliance Status system detect fraudulent filings, enhance audit targeting, and reconcile taxpayer 
declarations with third-party data. Reported impacts include 293.7 billion rands in compliance revenue  
in 2022/2023 (a 26.7 per cent year-on-year increase), with 101 billion rands attributed to compliance and risk 
management interventions such as fraud prevention, audit targeting, and storage compliance.55 Automation 
has also improved services, such as faster processing of returns, and by mid-2024, 45 billion rands  
in impermissible refunds were prevented using artificial intelligence–enabled verification.56 

EXPECTED DISINFLATION AT THE SUBREGIONAL LEVEL DESPITE HIGH 
INFLATION IN SOME COUNTRIES
The regional inflation average rate is projected 
to decline from an estimated 11.3 per cent  
in 2025 to 9.1 per cent in 2026 and 8.2 per cent in  
2027, driven by declining food prices and by 
declining global energy prices in oil-importing 
countries (figure 1.8). The number of countries with 
double-digit inflation is projected to decline from 15 
in 2024 to 10 in 2026.57 But inflation will remain high 
in some countries because risks remain skewed 
to the upside, underpinned by possible commodity 
prices, exchange rate volatility, and adverse  
weather conditions. 

Figure 1.8 Annual consumer inflation in Africa, by subregion, 2019–2027

The regional inflation average 
rate is projected to decline from 
an estimated 11.3 per cent in 2025 
to 9.1 per cent in 2026 and 8.2 per 
cent in 2027.

a. Estimated. b. Projected.
Source: United Nations 2026. 
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Disinflation is expected in all subregions, driven by 
declining food inflation and more stable currencies. 
In Southern Africa, average inflation is projected 
to rise from an estimated 10.7 per cent in 2025 to 
11.1 per cent in 2026 before edging down to 9.0 per 
cent in 2027.58 Monetary and currency stability in 
Zimbabwe and containment of inflation in Common 
Monetary Area countries59 will also contribute to 
disinflation.60 Inflation in Malawi remains in double 
digits as the country faces rising inflationary pressure 
underpinned by higher maize prices, currency 
weakness, rapid  money supply  growth, and higher 
electricity tariffs.61 Easing price pressure in West 
Africa, from an estimated 17.1 per cent in 2025 to 9.6 
per cent in 2027, reflect the rebasing of the consumer 
price index to 2024, moderating fuel prices, and a 
stabilizing  exchange  rate  in the subregion’s largest 
economy, Nigeria, as well as currency stability and 
lower commodity prices in Ghana.62 

Similarly, inflation is projected to decline in East 
Africa from an estimated 10.2 per cent in 2025 to 
8.4 per cent in 2026 before reaching 7.6 per cent in 
2027, due to lower inflation in Uganda resulting from 
lower commodity prices and a stable currency63 and 
to lower prices in Rwanda resulting from improved 
agricultural production and lagged effects of tight 
monetary policy.64 In North Africa, average inflation 
is projected to decelerate from 7.6 per cent in 2025 
to 6.3 per cent in 2026 and to increase to 7.2 per cent 
in 2027. But inflationary pressure remains elevated 
due to subsidy cuts and a weaker exchange  rate in 
Egypt, alongside wage increases and central bank 
fiscal deficit financing.65 Central Africa is projected 
to register the lowest average inflation rate at 
an estimated 2.8 per cent in 2025, 2.9 per cent  
in 2026, and 2.8 per cent in 2027, reflecting the 
hard peg currency regime, which is associated with 
inflation discipline and confidence.66 Inflation in the 
Central African Economic and Monetary Community 
is projected to return to the regional 3.0 per cent 
convergence criterion by 2026, supported by lagged 
effects of tight monetary policy and declining global 
food prices.67

In line with the variable inflation across countries, 
there has been divergence in monetary policy 
responses, as countries with high inflation rates 
such Ghana and Zambia tightened monetary policy in 
early 2025 to curb inflationary pressure and support 
economic growth. By the end of 2025, Ethiopia, 

Nigeria, Uganda, and Zimbabwe had paused the 
hiking cycle, while Egypt and Kenya had reduced 
policy rates, reflecting anchored and stable inflation 
expectations.68 Monetary policy stance will remain 
differentiated across countries because of inflation, 
policy uncertainty, and currency movements. 
Decisions by the US Federal Reserve System may not 
affect monetary policy responses in Africa, as central 
banks are more focused on maintaining domestic 
price stability and supporting exchange rates.69

CURRENCIES STRENGTHENED 
AGAINST THE US DOLLAR
Exchange rate dynamics remain one of the main risks 
to inflation estimates and are likely to be influenced 
by US trade policy uncertainty. The US dollar 
depreciated in the first half of 2025, underpinned 
by the imposition of tariffs and subsequent policy 
and economic uncertainties. This bodes well for 
Africa, with most currencies stabilizing in 2025.70 
Exchange rate appreciation could be associated with 
lower inflationary pressure or a smaller effect of 
external price increases. The pass-through of global 
shocks, including currency volatility, to domestic 
prices depends on the exchange rate regime, 
policy credibility, trade structure, international 
reserves, and export earnings. While strengthening 
currencies may reduce the debt service burden 
through lower borrowing costs, they constrain export 
competitiveness in many economies.71

The Kenyan shilling remained stable at around 129.30 
shillings per US dollar in 2025, supported by higher 
export earnings and remittances, as well as monetary 
policy measures. The currency will remain stable in the 
near term, underpinned by the continued coordination 
of fiscal and monetary policies and modernization of 
the monetary policy framework and operations.72 The 
South African rand appreciated by 7.9 per cent, from 
18.18 rands per US dollar in December 2024 to 16.86 
in December 2025, in response to global factors. 

Exchange rate dynamics remain 
one of the main risks to inflation 
estimates and are likely to be 
influenced by US trade policy 
uncertainty. 
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The rand strengthened due to the weakness of the 
US dollar as a result of shifting inflation expectations 
in the United States and mounting doubts about 
the health of the US economy, combined with 
uncertainty about US international trade policies.73 
The Nigerian naira strengthened by 6.6 per cent, 
from 1,554.93 naira per US dollar in December 2024 
to 1,451.80 in December 2025. This relative stability 
reflects the impact of policy measures by the Central 
Bank of Nigeria, including the introduction of the 
Electronic Foreign Exchange Market System, which 
has enhanced transparency, improved liquidity, 
and supported more effective price discovery in 
the foreign exchange market. It also reflects the  
$200 million foreign exchange injection to support 
investor confidence and maintain economic 
stability.74 The Egyptian pound appreciated by  
5.9 per cent, to 47.57 pounds per US dollar, bolstered 
by a more flexible exchange rate regime and an IMF 
programme.75 The CFA franc also remained stable, 
appreciating by 10.5 per cent to 560.23 CFA francs 
per US dollar, bolstered by its peg to the euro.76

MONETARY AUTHORITIES ARE 
EMBRACING DIGITAL ASSETS AND 
TECHNOLOGY 
Technological innovation to enhance financial system 
efficiency and transmit monetary policy is advancing 
on the continent, as evidenced by the adoption of 
digital currencies, eMoney, and digital payment 
systems. Financial technology is being used for 
information dissemination, market integration, new 
financial products, and increased leverage. But these 
advancements may have implications for monetary 
policy, economic, and financial stability.

Recent financial innovations such as central bank 
digital currencies and digital payment systems 
have shaped monetary policy effectiveness in 
some countries. Central bank digital currencies are  
a sovereign digital form of currency, considered legal 
tender that exists solely in digital form issued by 
central banks.77 They offer secure, low-cost digital 
accounts accessible to a wide population, including 
the unbanked, and thus boost the proportion of 
the economy directly influenced by central bank 
decisions. This broader reach allows policy rate 
changes to have a more immediate and inclusive 
impact on consumption, savings, and investment 

behaviour. Ghana (which is piloting e-Cedi), Nigeria 
(with eNaira), and South Africa (which is piloting  
a wholesale central bank digital currency) are at 
the forefront of this digital shift, using central bank 
digital currencies not only to boost financial inclusion 
but also to strengthen the effectiveness of monetary 
policy. The launch of the first central bank digital 
currency, the eNaira, by the Central Bank of Nigeria 
in 2021 in Africa, represents a major step forward 
in digital financial innovation on the continent and 
provides a foundation for future improvements 
in Nigeria’s monetary and financial landscape.78 
But there are implications for monetary policy, as 
central bank digital currencies are likely to change 
control over money supply and policy transmission 
mechanisms (interest rates, credit, and money 
supply). Central bank digital currencies may also 
affect financial stability by introducing vulnerabilities 
related to cybersecurity, capital flows, and the 
structure of banking systems.79

The launch of the Pan-African Payment and 
Settlement System by the African Union Commission, 
in collaboration with member states, is designed 
to facilitate real-time cross-border payments and 
settlements across Africa. It will play a transformative 
role in monetary policy by providing central banks with 
accurate and timely data to inform policy decisions, 
enhancing liquidity management, and improving 
financial inclusion and the effectiveness of monetary 
transmission mechanisms. Digital payment systems, 
including such notable innovations as M-Pesa in 
Kenya, real-time gross settlement systems, mobile 
telephone network mobile money, PayPal, automated 
teller machines, point of sale terminals, digital 
mobile lending applications, and agency banking, 
also continue to facilitate access to core financial 
services—for example, mobile transfers, mobile 
payments, and mobile banking (chapter 5).

Technological innovation to 
enhance financial system efficiency 
and transmit monetary policy is 
advancing on the continent, as 
evidenced by the adoption of digital 
currencies, eMoney, and digital 
payment systems.
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Figure 1.9 Current account balance in Africa, by subregion, 
2019–2027

EXTERNAL SECTOR AND CURRENT 
ACCOUNT DEVELOPMENTS
Africa’s average current account deficit is projected 
to deteriorate from 2.0 per cent of GDP in 2024 to 
an estimated 2.3 per cent in 2025 and 2.4 per cent 
in 2026–2027 (figure 1.9). The current account 
will remain in deficit in the short to medium term, 
underpinned by the widening trade deficit, which 
is driven by an expected decline in international 
commodity prices. Energy prices are projected to 
decline by an estimated 12.4 per cent in 2025 and 
10.2 per cent in 2026, moderated by an increase 
in metal and mineral prices of an estimated 2.9 per cent in 2025 and 0.3 per cent in 2026.80 The decline 
in commodity prices will mostly affect mineral-rich countries, such that oil-rich countries will transition to  
a current account deficit of 0.7 per cent of GDP and mineral-rich countries will record a deficit of 3.2 per cent in 
2026.81 But remittances are projected to maintain their upward trend due to the stable labour markets in some 
high-income migrant-hosting countries.82 Half of African countries will see a decline in reserves coverage  
in 2025 compared with 2024. More than half of countries will record more than 3 months of imports, but 
Burundi, Djibouti, Togo, and Zimbabwe will record less than 1 month of imports. 

Figure 1.9 Current account balance in Africa, by subregion, 2019–2027
 

Africa’s average current account 
deficit is projected to deteriorate 
from 2.0 per cent of GDP in 2024  
to an estimated 2.3 per cent in 2025  
and 2.4 per cent in 2026–2027.

a. Estimated. b. Projected.
Source: IMF 2025a.
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TRADE REMAINS VULNERABLE TO 
GLOBAL SHOCKS, DESPITE SIGNS OF 
RECOVERY 
Africa’s trade has experienced notable fluctuations 
over the past decade. Trade volumes grew steadily 
from 2015 to 2018 but declined 18 per cent through 
2020 due to the Covid-19 pandemic. In 2021, trade 
rebounded considerably, increasing by 41 per cent 
(figure 1.10). This recovery was driven by the easing 
of pandemic-related restrictions and the mitigation 
of supply chain disruptions. However, from 2021  

to 2023, trade declined again by 7 per cent, influenced 
by global shocks, including the war in Ukraine, 
climate-related effects, and other external pressures, 
before recovering in 2024. 

Figure 1.10 Total African trade and year-on-year growth rate, 2015–2024
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Figure 1.10 Total African trade and year-on-year growth rate, 
2015–2024

In 2024, Africa’s total exports 
reached $630 billion, while  
intra-Africa exports hit a record  
high of $106 billion.

Source: ECA calculations based on UNCTAD (2025c).

Despite these fluctuations, the value of Africa’s exports to the rest of the world increased from 2019 to 2024. 
In 2024, Africa’s total exports reached $630 billion, while intra-Africa exports hit a record high of $106 billion 
(figure 1.11a). Although intra-Africa trade rose in value terms, its share in total global exports remained stagnant 
at around 17 per cent in 2024 (figure 1.11b). This underscores the urgency of accelerating implementation 
of the African Continental Free Trade Area (AfCFTA) to unlock the full potential of continental integration. 
The AfCFTA has the potential to transform African economies by diversifying export sources and growth and 
enhancing regional value chains, thereby boosting participation in global value chains.
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Figure 1.12 Composition of Africa’s exports, by main sector, average over 
2020–24

Figure 1.11 Global and intra-Africa exports, 2000–2024 

Despite continued efforts to industrialize, Africa’s 
total exports remain heavily concentrated in primary 
commodities. On average, fuel constituted 35 per 
cent of the continent’s total exports between 2020 
and 2024, while ores and metals made up 15 per 
cent (figure 1.12a). Combined, these two sectors 
accounted for half of Africa’s total exports to the 
global market. Manufactured goods, by comparison, 
represented only 23 per cent of exports. The heavy 
reliance on commodity exports leaves Africa at the 

lower end of value chains and dependent on other 
regions for manufactured and finished goods. 

Conversely, manufactured products make up 45 per 
cent of total intra-Africa trade, followed by food items 
at 21 per cent (figure 1.12b). Both the manufacturing 
and food sectors are vital for the continent, as they 
have been identified as key drivers with strong 
potential to enhance intra-Africa trade under the 
AfCFTA framework. 

Figure 1.12 Composition of Africa’s exports, by main sector, average over 2020–24

 
Source: UNCTAD (2025c), UNCTADstat database. 
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Figure 1.13 Total remittances inflows into Africa, 
2015–2024

REMITTANCE FLOWS ARE 
BOLSTERED BY STRONG  
LABOUR MARKETS IN  
ADVANCED ECONOMIES 
Remittance inflows to Africa continue to boost the 
current account, with an average growth of 10.1 per 
cent from 2021 to 2024, to $104.6 billion, supported 
by strong economic performance in migrant-
hosting economies and more stable currencies 
(figure 1.13). The largest recipients in 2024 were 
Egypt ($29.6 billion), Nigeria ($21.3 billion), and 
Morocco ($12.5 billion). Even though remittances 
remain the lifeline for many Africans, transfer costs 
to Africa remain excessively high compared with those to other regions. The average cost of sending $200 
to Africa was 8.22 per cent, compared with the global average of 6.5 per cent in November 2024. During the 
first quarter of 2025, sending remittances through banking channels cost an average of 21 per cent, and 
sending through non-banking channels cost 6.3 per cent.83 Malawi recorded the highest cost at 44.5 per cent 
followed by Angola at 16.4 per cent and Botswana at 14.9 per cent (figure 1.14). These high costs make  
it difficult to leverage remittances as a source of development financing. 

Figure 1.13 Total remittances inflows into Africa, 2015–2024
  

Source: Remitscope 2025.

Remittance inflows to Africa 
continue to boost the current 
account, with an average growth 
of 10.1 per cent from 2021 to 2024, 
to $104.6 billion, supported by 
strong economic performance in 
migrant-hosting economies and 
more stable currencies.
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During the first quarter of 2025, sending 
remittances through banking channels 
cost an average of 21 per cent, and 
sending through non-banking channels 
cost 6.3 per cent of the amount sent.

Source: Remitscope 2025.

In terms of current account transfers, 
food aid, commodity vouchers, and cash 
transfers increased in 2024 due to adverse 
weather conditions, continuous development 
challenges, high food prices, and acute 
food insecurity in the continent. The World 
Food Programme spent approximately 
$147 million on food and cash assistance 
in Southern Africa in response to a drought 
that led to livestock losses and crop failure. 
Food insecurity further increased in 2025 
in the Democratic Republic of the Congo 
(which required $433 million in food aid, cash 
transfers, and climate resilience), Ethiopia 
($150 million), Somalia ($266 million), and 
South Sudan ($274 million). The worsening 
food insecurity is attributed to ongoing 
conflicts, displacements, and climate and 
economic shocks.84 Both remittances and 
current transfers will offset the deficit in the 
trade account. 

FOREIGN DIRECT INVESTMENT 
MOMENTUM UNCERTAIN 
AMID THE GLOBAL ECONOMIC 
SLOWDOWN
Global FDI flows declined by 11 per cent 
in 2024, marking the second consecutive 
year of contraction.85 This figure excludes 
artificially inflated flows routed through 
conduit economies (jurisdictions often used 
for tax or regulatory purposes rather than real 
investment activity).

The global investment landscape remains 
uneven and uncertain. Developed economies 
saw divergent trends: sharp declines in 
Europe were offset by gains in North America, 
while developing country flows were highly 
concentrated, with just 10 countries capturing 
three-quarters of the total. At the sector 
level, investment in the digital economy 
surged, doubling in value and reshaping the 
portfolios of multinational enterprises, while 
Sustainable Development Goal–related 
investment plunged by up to a third across 
key sectors. 
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Figure 1.15 Foreign direct investment flows, by subregion, 
2018–2024

Amid this global downturn, Africa emerged as a 
notable outlier, showing renewed investor momentum 
and a sharp upswing in FDI inflows. Africa saw  
a remarkable 75 per cent surge in FDI inflows, from 
$55 billion in 2023 to $97 billion in 2024, accounting 
for 6 per cent of global FDI. The spike was driven by 
the $35 billion Ras El-Hekma megaproject in Egypt,86 
but even without that, Africa posted a solid 12 per cent 
gain from 2023. Beyond Egypt, Morocco recorded 
a 55 per cent increase, buoyed by new investment 
in green ammonia and synthetic fuel production. 

Tunisia also saw a 21 per cent rise in FDI, supported 
by a $6 billion greenfield renewable energy project by 
Total Energies (France). Thus, North Africa recorded 
the highest FDI inflows, worth $51 billion in 2024, up 
from $16 billion in 2023 (figure 1.15). 

Figure 1.15 Foreign direct investment flows, by subregion, 2018–2024

North Africa recorded the highest 
FDI inflows, worth $51 billion in 
2024, up from $16 billion in 2023.

Note: The surge in 2021 was influenced by a single intrafirm transaction in South Africa 
related to a major corporate reconfiguration through a merger and acquistion.

Source: UNCTAD 2025a.

Breaking down inflows by investment type reveals 
diverging trends. In 2024, the value of international 
project finance deals—a vital channel for funding 
large-scale infrastructure projects—rose by 15 
per cent in Africa, driven by primary energy and 
transport investment, particularly in Egypt. In 
contrast, greenfield investment—critical for new 
capital formation, technology transfer, and structural 
transformation—fell sharply, with the total value 
dropping by 37 per cent to $113 billion from $178 
billion in 2023.87 Meanwhile, cross-border mergers 
and acquisitions turned negative, led by Exxon 
Mobil’s $1.1 billion divestment of its Nigerian oil 
assets to Seplat Energy, a Nigerian energy provider. 

While this may reflect growing investor caution and 
possible decarbonization objectives, it might also 
signal a shift towards greater domestic ownership of 
strategic sectors.

Energy, extractives, and construction remain the 
leading drivers of greenfield project activity in Africa, 
while the digital economy is emerging as a fast-
growing sector. In 2024, energy overall accounted for 
more than 20 per cent of total greenfield investment 
value. Extractives contributed 13 per cent, with the 
Democratic Republic of the Congo, Namibia, and 
Zambia continuing to attract investment in mining 
and exploration. Yet tighter financing conditions 
and growing environmental scrutiny have prompted  
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a more selective approach by sponsors and lenders. 
Long-term demand for critical minerals continues 
to sustain strategic interest in Africa’s extractive 
sector. Going forward, robust public policy support to  
de-risk investment and promote local and regional 
value addition will be essential to overcome 
stagnation in manufacturing and drive structural 
transformation anchored in resource-based sectors. 
Construction made up nearly 10 per cent of total 
investment. While project numbers declined sharply, 
total investment surged by nearly 50 per cent, 
pointing to a clear shift towards fewer but larger 
capital-intensive infrastructure projects. Meanwhile, 
the digital economy—still modest at about 6 per 
cent of total greenfield investment by value—has 
emerged as one of the fastest growing sectors, with  
project values rising by more than 75 per cent and 
project numbers up nearly 30 per cent from 2019  
to 2024.

Traditional investors remain the largest holders of FDI 
stock in Africa, led by the Netherlands ($70 billion), 
the United Kingdom ($58 billion), the United States 
($56 billion), France ($53 billion), and China ($42 
billion), as of 2023.88 The substantial stock attributed 
to the Netherlands partly reflects its role as a financial 
conduit jurisdiction, with some investment ultimately 
owned by entities based elsewhere, particularly 
in the United States. The FDI stock owned by the 
United States rose sharply between 2019 and 2023, 
fuelled by new investment across sectors, including 
digital infrastructure, as well as expansions, asset 
revaluations, and other factors. China’s footprint 
is increasingly diversified beyond extractives, with  
rising investment in building materials, food 
processing, pharmaceuticals, and motorcycle 
manufacturing. Notably, a third of Belt and 
Road Initiative projects in Africa focus on social 
infrastructure—health, education, water, and 
sanitation—with growing attention to renewable 
energy. South Africa, ranking sixth with $32 billion in 
FDI stock owned across other African countries, is 
asserting its role as a major African capital exporter.89 

Even so, early 2025 signalled a cooling of momentum, 
as preliminary data for the first half of the year shows 
global FDI down by 3 per cent and inflows to Africa 
down by 42 per cent. That sharp drop is shaped 
mainly by the base effect of Egypt’s extraordinary 
2024 megaproject; excluding it moderates the 
decline to 8 per cent. Several pressures emerged 

during this period: investment in the primary sector 
fell by 76 per cent, driven by continued low energy 
prices; greenfield manufacturing slowed, particularly 
in countries affected by US tariff hikes, notably South 
Africa, as investors pulled back from supply chain–
intensive sectors; and international project finance 
in the Least Developed Countries dropped by 85 per 
cent, constrained by high interest rates and tighter 
capital availability. But signs of resilience remain: 
renewable energy project finance expanded, led by 
two major battery storage projects—a 10 MW facility 
in Somalia and a 15 MW system in Niger, both backed 
by Canadian sponsors.90 This softening comes after 
exceptionally high FDI flows in 2024, and since these 
data reflect only the first half of 2025, it remains  
a trend to monitor rather than a settled reversal.

DIGITAL TECHNOLOGIES ARE KEY 
TO CROSS-BORDER TRADE AND 
REGIONAL INTEGRATION
Advances in digital technologies in Africa are 
reshaping industries and bringing transformative 
innovations in trade and other cross-border 
transactions. The AfCFTA provides a game-changing 
framework to increase trade-led growth, unlock 
regional value chains, boost competitiveness, and 
ensure that Africa transitions from being a supplier of 
raw materials to a producer of high-value goods and 
services. Digital infrastructure and platforms such 
as the Pan-African Payment and Settlement System 
support the AfCFTA’s objectives by enhancing 
intra-Africa trade. The system allows transactions 
in 42 African currencies by connecting central  
and commercial banks, payment service providers, 
and financial intermediaries. It reduces transaction 
costs and time, promotes transparency, and 
formalizes informal trade flows.91 

...early 2025 signalled a cooling  
of momentum, as preliminary  
data for the first half of the year 
shows global FDI down by 3 per 
cent and inflows to Africa down  
by 42 per cent. 
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The penetration of mobile technology in Africa 
is increasing consistently and has revolutionized 
remittances by offering cost-effective and instant 
transfers. Globally, mobile money growth remained 
highest in Africa, with a transaction value of $1.1 
trillion (66 per cent of the global share). African 
mobile money providers have partnered with 
prominent payment providers to promote the use 
of virtual and physical cards across borders and to 
advance international remittances. In 2024, MTN 
MoMo partnered with Mastercard in 13 African 
markets, Safaricom and M-Pesa partnered with 
Mastercard in Kenya, and Orange Money partnered 
with Mastercard for the use of the virtual and physical 
cards in Cameroon, Central African Republic, Guinea-
Bissau, Liberia, Mali, Senegal, and Sierra Leone.92 
MTN MoMo operates in 16 African countries providing low-cost payments in the form of loans, remittances, 
savings, and insurance. Remittances through the system rose by 43.3 per cent to $4.4 billion in 2024 (chapter 
5).93 Global transactions through Kanya’s M-Pesa were valued at 418 billion shillings in 2023, up 5.6 per cent 
from 2022, with a 3 per cent reduction in cost of remittances over the same period.94 

The penetration of mobile 
technology in Africa is increasing 
consistently and has revolutionized 
remittances by offering cost-
effective and instant transfers. 
Globally, mobile money growth 
remained highest in Africa, with  
a transaction value of $1.1 trillion  
(66 per cent of the global share).
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RECENT SOCIAL DEVELOPMENTS
THE PACE OF POVERTY REDUCTION 
HAS VARIED ACROSS COUNTRIES
While poverty in its many forms is a persistent 
development challenge across many African 
countries, there are several success stories of 
poverty reduction. The progress made can serve 
as encouragement for countries that have seen 
poverty rising. Those countries require urgent action 
to kick-start and accelerate comprehensive poverty 
reduction initiatives.

MULTIDIMENSIONAL POVERTY
Poverty is a multidimensional phenomenon that 
goes beyond just monetary aspects. Measures 
of multidimensional poverty such as the global 

Multidimensional Poverty Index, highlight the multiple 
and simultaneous deprivations that people face. The 
global Multidimensional Poverty Index is widely used 
for regional comparisons and includes 10 indicators 
that span the equally weighted dimensions of health, 
education, and living standards. Three countries 
with data for 2019 or later have a multidimensionally 
poverty headcount ratio of 80 per cent or higher: 
Central African Republic, Chad, and Niger (table 1.2).95 
In contrast, in several African countries, the share of 
multidimensionally poor people is less than 10 per 
cent, underscoring the range in poverty rates on 
the continent. Multidimensional poverty also varies 
widely within countries. In Nigeria, the share of 
multidimensionally poor people in Lagos was 1 per 
cent, compared with 75 per cent in Bauchi.96

Table 1.2. Highest and lowest headcount ratios of multidimensional poverty in African countries with surveys for 
2019 or later (per cent)

Country (survey year)
Headcount 

ratio
Country (survey year) Headcount ratio

Chad (2019) 84.2 Gabon (2019/2021) 8.6

Central African Republic (2018/2019) 80.4 Eswatini (2021/2022) 7.9

Niger (2021) 79.9 Algeria (2018/2019) 1.4

Ethiopia (2019) 68.7 Tunisia (2023) 1.0

Madagascar (2021) 68.4 Seychelles (2019) 0.9
Source: UNDP and OPHI 2025.

Trends in multidimensional poverty

In the two most recent surveys, declines in the incidence of multidimensional poverty across African countries 
have occurred alongside increases in the number of people living in multidimensional poverty. This has 
especially common in the Least Developed Countries, particularly Chad, Côte d’Ivoire, the Democratic Republic 
of the Congo, Madagascar, Mozambique, and Niger (figure 1.16). In these countries, population growth, among 
other factors, led to an increase in the number of poor people living in multidimensional poverty, as progress 
in poverty reduction was limited. But in several countries, both the incidence of multidimensional poverty and 
the number of multidimensionally poor people have declined. Kenya, Nigeria, Morocco, and Togo showed the 
most progress in this regard.

Trends in extreme monetary poverty

Extreme monetary poverty, as measured by the World Bank’s international poverty line of $3 a day, has 
declined in several countries (figure 1.17).97 Benin, Congo, Namibia, and Rwanda recorded steep declines in 
the incidence of extreme monetary poverty in their two most recent surveys. In contrast, the incidence and 
number of people living in extreme monetary poverty has increased in several countries, including Angola, 
Malawi, Mali, Nigeria, and South Sudan. 
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Figure 1.16. Trends in the incidence of multidimensional poverty and the  
number of people living in multidimensional poverty in Africa, various years

Source: ECA using data from Alkire et al. (2025).

Figure 1.16 Trends in the incidence of multidimensional 
poverty and the number of people living in multidimensional 

poverty in Africa, various years
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Figure 1.17 Incidence of extreme monetary poverty and the 
number of people living in extreme monetary poverty in 

Africa, various years

Source: ECA using data from World Bank (2025i).

Figure 1.17. Incidence of extreme monetary poverty and the number of people  
living in extreme monetary poverty in Africa, various years
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INCOME INEQUALITY REMAINS PERVASIVE 
Most African countries have experienced  
high income inequality recently. More than half of  
Africa’s income is earned by the top 10 per cent of the 
income distribution, while the bottom 50 per cent earns 
less than a tenth. Within the top decile, the top 1 per 
cent alone accounts for around a fifth of total income, 
suggesting a strong concentration of income at the 
very top. This situation has remained largely unchanged 
since 2016 (figure 1.18).

Figure 1.18. Income inequality in Africa, 2016–2023
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Figure 1.18 Income inequality in Africa, 2016–2023

Source: ECA based on data from World Inequality Lab (2025).

Inequality is highest in Southern Africa, home to the 15 most unequal countries on the continent, including 
Angola, Botswana, Eswatini, Mozambique, Namibia, South Africa, Zambia, and Zimbabwe. Countries in North 
Africa—including Algeria, Egypt, and to some extent, Tunisia—have less inequality. These countries also have 
lower rates of multidimensional and monetary poverty.

AFRICA REMAINS THE FASTEST URBANIZING REGION GLOBALLY 
Since 1990, Africa has experienced unprecedented urban growth—a trend that is projected to continue, making 
it the fastest urbanizing region globally. The share of the population living in cities rose from 31 per cent in 
1990 to 54 per cent in 2020. As of 2025, Africa’s cities continue to expand at an extraordinary pace, with the 
continent’s urban population increasing at more than 3.5 per cent a year (figure 1.19). This growth is driven by 
the high fertility rate, 4.6 children per woman (the highest globally), compared with the global average of 2.4.98 
The relationship between fertility and urbanization is particularly strong in countries with higher-than-average 
urban population growth. In 2020, the average fertility rate was 4.1 children per woman across the continent, 
but it rose to 5.8 in countries where urban population growth exceeded 3.5 per cent a year.99 In extreme cases—
such as Chad, the Democratic Republic of the Congo, Mali, and Niger—urban population growth surpassed  

Most African countries have 
experienced high income 
inequality recently and this 
situation has remained largely 
unchanged since 2016. 
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Figure 1.19 Rate of urban population growth, by global 
region, 2000–2050

4 per cent a year, with fertility rates above 6 children per woman.100 Driven by the search for employment, 
access to services, or displacement from conflict and other shocks, rural-to-urban migration adds further  
to pressure to urban population growth.101

Figure 1.19 Rate of urban population growth, by global region, 2000–2050

URBANIZATION, GROWTH, AND 
POVERTY
Amid these dynamics, urban areas have become 
key drivers of social and economic transformation. 
Between 2001 and 2020, they contributed an 
estimated 0.33 percentage points to the annual 
growth of GDP per capita—equivalent to 29 per 
cent of Africa’s average annual GDP growth over 
the period. Yet despite contributing to economic 
growth, urbanization has not translated into broad-
based social development, because poverty and 
inequality remain among the most persistent  
and complex challenges confronting African cities. 
Migrants to urban areas have been met with limited 
job opportunities, and many end up in low-income, 
informal employment.102 Slums and informal 
settlements remain prominent features of the urban 
landscape.103 Although the proportion of the urban 
population residing in slums has declined modestly, 
nearly 46 per cent of African urban residents still live 
in such conditions.104 These people frequently endure 

one or more deprivations, including lack of access to 
improved water and sanitation sources, overcrowded 
and precarious housing, insecurity, and inadequate 
infrastructure. 

Only 54 per cent of Africa’s urban population has 
access to safely managed water, while a mere 23 
per cent has access to safely managed sanitation.105 
Although some progress has been made in reducing 
the proportion of people living below nationally 
defined poverty lines in the past two decades, Africa 
faces the highest share of working poverty globally,106 
with more than 145 million people in extreme working 
poverty. On average, 80 per cent of the population 
continues to lack legal identity, economic, and social 
rights; affordable public services; and adequate  
social protection mechanisms.107 Marginalized 
groups—including women, children, unhoused 
individuals, migrants, refugees, minorities, indigenous 
peoples, persons with disabilities, and those  
engaged in informal labour—remain particularly 
disadvantaged in accessing rights and opportunities.

Source: ECA elaboration from UN-Habitat data.
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URBANIZATION AND EMPLOYMENT
In 2018, while African employment represented 14 per cent of global employment, working poor people 
accounted for more than half of the world’s working poor people.108 Furthermore, the informal economy 
continues to dominate Africa’s urban labour markets, with more than 80 per cent of employment generated 
in the informal sector, constituting the primary livelihood source for urban populations.109 There are wide 
disparities in informal employment across African subregions: 22.7 per cent in Southern Africa, 46.3 per cent 
in East Africa, 56.6 per cent in North Africa, 59.3 per cent in Central Africa, and 78.1 per cent in West Africa.110 
Moreover, informality disproportionately affects vulnerable groups, including 95.8 per cent of young people 
ages 15–24, 92 per cent of women, and a large share of persons with disabilities.111 Workers in this sector 
remain highly vulnerable to external shocks and market volatility, which result in unstable income and higher 
risk of poverty.

Looking ahead, Africa’s labour force will expand considerably due to ongoing demographic and urbanization 
trends, as the working-age population is projected to grow from 224 million in 2030 to 730 million in 2050.112 
However, formal job creation has not kept pace with this rapid growth, raising concerns about the continent’s 
ability to harness its demographic dividend.113 Home to the youngest, growing, and quickly urban-based labour 
force, nearly 60 million young people are not in employment, education, or training, and almost 13 million are 
unemployed.114 As a result, high informality and job insecurity are leading to high vulnerability in Africa’s labour 
market.115

Africa has made some progress across several key socioeconomic indicators, but challenges remain acute 
in countries experiencing urbanization rates above the continental average (table 1.3). Rising poverty, 
overstretched infrastructure (such as electricity and water supply), mental health challenges, and restricted 
access to adequate housing and essential services such as healthcare and education remain key concerns 
in these countries.116 The evidence underscores the complex interplay between urbanization and sustainable 
social development, highlighting that the pace and governance of urban growth are pivotal in shaping Africa’s 
development outcomes.117

PROGRESS IN GENDER EQUALITY 
AND WOMEN’S EMPOWERMENT
Africa stands at a pivotal moment in its development 
trajectory. With the world’s youngest population, 
rapid urbanization, and a burgeoning digital economy, 
frontier technologies such as artificial intelligence, 
data science, and financial technology hold immense 
potential to transform the continent’s economic 
structures and lift millions of people out of poverty. 
Realising this transformative potential depends on 
the full participation of women, who constitute more 
than half the continent’s population. But persistently 
wide gender gaps remain a major barrier to progress. 
While the world has closed nearly 68.8 per cent of 
the gender gap, Africa’s Gender Equality Index stands 
at just 50.3 per cent—a stark reminder of the work 
that remains.118 These gaps threaten to slow Africa’s 
economic aspirations by limiting its ability to leverage 
innovation and drive inclusive growth. 

Gender inequality is not just about an absence of rights; 
it also has substantial economic consequences, with 
an average cost of $95 billion a year in Africa since 
2010 and a maximum annual cost of $105 billion  
(6 per cent of GDP) in 2014.119 Discriminatory social 
institutions alone reduced GDP by nearly 7.5 per 
cent in 2019.120 If all African countries had narrowed 
their gender gaps in 2021 to the levels of the best-
performing country in the region—particularly 
the gaps in labour force participation and digital 
inclusion—the continent  could have unlocked an 
additional $316 billion (10 per cent of the continent’s 
GDP) by 2025.121 Improving gender equality thus 
remains central to unlocking Africa’s full economic 
potential and ensuring a more prosperous future for 
everyone on the continent. 
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Table 1.3 Africa’s socioeconomic progress in the context of rapid urbanization

2000 2020

Variable Unit of 
measurement

Data source Africa 
average 
in Africa

Average for 
countries 

whose 
urban 

population 
growth is 
above the 

continental 
average

Africa 
average 

in 
Africa

Average for 
countries 

whose urban 
population 
growth is 
above the 

continental 
average

Access to electricity Percentage 
of the urban 
population 
with access to 
electricity

World Bank 35 26 55 43

Access to drinking 
water

Percentage of 
urban population 
with access to 
drinking water

World Bank 39 34 50 43

Telecommunication A composite 
indexa 

United 
Nations 
Department of 
Economic and 
Social Affairs

24 22 31 24

Out-of-pocket health 
spending 

Percentage of 
current health 
spending borne 
by households

World Bank 47 47 34 39

National poverty 
headcount

Percentage of 
the population 
living below the 
national poverty 
line

World Bank 39 46 34 38

Pupil-teacher ratio Average number 
of pupils per 
teacher in 
primary school

United 
Nations 
Educational, 
Scientific, 
and Cultural 
Organization

44 46 37 43

Employment in the 
service sector

Percentage 
of total 
employment

World Bank 34 30 42 35

a. The Telecommunication Index, a component of the e-Government Development Index designed by the United Nations Department of Economic 
and Social Affairs, captures the availability and penetration of telecommunication services in a country, including internet users, mobile cellular 
subscriptions, wireless broadband subscriptions, and broadband affordability.
Source: ECA elaboration from and UNDESA (2025), UNESCO (2025), and World Bank (2025e).
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THE DIGITAL, TECHNOLOGY, AND GENDER DIVIDES
Gender digital divides persist across most of Africa, with limited progress towards closing them. Africa has 
the lowest share of internet users worldwide and the widest gender gaps in access. Despite some progress, 
the region still trails others by a wide margin, with only about 4 in 10 men and only 3 in 10 women online 
(figure 1.20). Limited connectivity compounds the existing inequalities in income, wealth, education, health, 
and opportunity. In 2023, Africa scored 0.76 on the International Telecommunication Union gender parity 
index—an improvement from 0.58 in 2018 but still the lowest score globally.

Figure 1.20 Internet users in Africa and globally, by gender, 2019–2024

Note: Data for 2021 were not published because of the Covid-19 pandemic.
Source: International Telecommunication Union (2025a) compiled using data from Facts and Figures Reports. 

Poverty, exacerbated by prevailing social norms, 
remains a key driver of the gender digital divide, with 
the cost of broadband services and mobile phones 
posing a major barrier, especially for women.122 In 
Nigeria, mobile broadband access greatly improved 
household welfare, increasing household food 
consumption by 6.2 per cent within a year and by 7.8 
per cent after two years and increasing household 
non-food consumption by 6.3 per cent within a year 
and by 6.1 per cent after two years. For households 
living in extreme poverty, broadband access improved 
living conditions by 4.3 per cent in the first year 
and 6.9 per cent in the second.123 These gains are 
attributed to higher labour force participation and employment opportunities, particularly for women, who are 
disproportionately concentrated in informal or vulnerable forms of employment. 

Despite the positive impact of increased connectivity on socioeconomic outcomes, mobile phone ownership 
and mobile internet use remains low in Africa and is slowly increasing (figure 1.21).
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Africa has the lowest share of 
internet users worldwide and the 
widest gender gaps in access. 
Despite some progress, the region 
still trails others by a wide margin, 
with only about 4 in 10 men and 
only 3 in 10 women online.
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Figure 1.21 Female mobile phone ownership and mobile internet 
 use in Africa (excluding North Africa), 2017–2024

Source: Data from Global System for Mobile Communications Association (2024a). The Mobile Gender Gap Report 2025.
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Figure 1.21 Female mobile phone ownership and mobile 
internet use in Africa (excluding North Africa), 2017–2024
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The low rates of mobile ownership and internet 
use by women across Africa are underpinned by a 
mix of socioeconomic, legal, and cultural barriers. 
Limited identification documents further hinder 
women’s ability to register SIM cards.124 For example, 
in Nigeria, 8 million fewer women than men held  
a national identity document in 2021.125 Gender gaps 
in device ownership persist, with men more likely 
to own smartphones, while women tend to rely on 
feature or basic phones.126 Household spending 
priorities also frequently favour men due to their 
greater bargaining power within households, leaving 
women with less control over communication 
expenses.127 Social norms also compound these 
barriers: women may face restrictions on when and 
how they can use devices,128 be confined to content 
deemed “appropriate,” 129 or even lose access if 
subjected to harassment.130 In some communities, 
mobile and social media use is synonymous and 
viewed as a threat to traditional gender roles, leading 
families to limit or discourage women’s digital 
participation altogether.131

WOMEN AND GIRLS STILL FACE 
CHALLENGES IN TECHNOLOGY  
AND INNOVATION
Women remain heavily underrepresented in key 
decisionmaking positions across Africa. As of 2024, 
they hold only 25 per cent of parliamentary seats,  
24 per cent of cabinet positions, and just 13 per cent of 
top executive positions on the continent, with political 
party leadership averaging a mere 9 per cent—and 
much lower representation in North Africa.132 These 
figures represent a modest increase over a three-year 
span, but they are still far from gender parity. In 2021, 
women held 24 per cent of parliamentary seats,  

Despite the positive impact 
of increased connectivity on 
socioeconomic outcomes, mobile 
phone ownership and mobile 
internet use remains low in Africa 
and is slowly increasing.
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22 per cent of cabinet seats, and 7 per cent of top executive positions, with wide regional disparities. Rwanda 
stands out globally, with women holding more than 60 per cent of parliamentary seats, and Mozambique has 
achieved parity in cabinet positions, but many other countries remain well below the continental average.133 

While advances in mobile connectivity and frontier technologies present new opportunities, the digital divide 
remains evident. As of 2023, women across Africa were 27.6 per cent less likely than men to use mobile 
internet,134 despite mobile and digital platforms becoming the primary gateway to economic and social 
participation. Mobile phone ownership and mobile internet use among women and men in Africa rose between 
2021 and 2024, and the average gender gap narrowed from 22.4 per cent for mobile phone ownership and  
33.2 per cent for mobile internet use to 19.2 per cent in 2021 and 27.6 per cent in 2023.135 The gap remains 
driven by affordability barriers, limited digital literacy, and prevailing social norms.

Deep-seated patriarchal cultural norms, social stereotypes, and policy shortcomings continue to constrain 
women’s and girls’ participation in innovation-driven sectors, perpetuating a cycle of exclusion.136 Cultural and 
structural barriers influence girls’ education and career choices, limiting their entry into science, technology, 
engineering, and mathematics (STEM)—fields essential for Africa’s digital and data-driven future. Although 
Africa leads globally in women’s share of STEM graduates (47 per cent compared with Europe’s 42 per cent), 
entrenched social norms slow the transition into STEM employment, resulting in persistent underrepresentation 
in tech roles and leadership.137 In rural and marginalized communities, these constraints are compounded by 
infrastructure deficits, safety concerns, and a lack of visible female role models in key sectors, all of which 
limit access to digital skills and advanced learning opportunities (chapter 5).138

Insufficient gender-disaggregated data, lack of targeted incentive systems and financial inclusion, and gender-
blind macroeconomic policies restrict women’s advancement in productive sectors and decisionmaking roles. 
The lack of reliable, up-to-date gender data restricts governments’ and businesses’ ability to design, monitor, 
and implement effective interventions.139 In 2023, the labour force participation gender index score (which 
measures the gap between female and male workforce involvement) for Africa was 70.2 per cent, indicating 
major disparities in both formal and informal labour markets.140 

Some African countries are emerging as models for empowering women and girls to leverage frontier 
technologies, illustrating the transformative impact on economic growth and innovation. Targeted reforms, 
inclusive policies, and innovative public-private partnerships have been used to unlock full digital potential in 
Ghana, Nigeria, Rwanda, and South Africa.141
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CONCLUSION 
Africa’s economic outlook is positive in the short 
to medium term, underpinned by improving 
economic growth and easing inflationary pressure. 
Growth projections suggest an average increase of  
4.1 per cent from 2025 to 2027, supported by public 
investment, trade, easing inflationary pressure, and 
stable currencies. But African countries continue 
to face both macroeconomic and structural 
vulnerabilities, including sovereign debt challenges, 
amid high borrowing costs, hindering sustainable 
development, as evidenced by the high number of 
countries in debt distress. Even though Africa has 
shown remarkable resilience in growth and resistance 
to external shocks, it is constrained by heightened 
global and regional risks and uncertainties, as well as 
geopolitical tensions. The recent global protectionist 
policies are expected to have adverse effects 
on the continent due to overarching uncertainty 
and disrupted trade dynamics. Despite the many 
success stories with regards to poverty reduction 
across the continent, poverty persists, coupled with 
increasing urbanization, high income inequality, and 
unemployment. But Africa’s growing youth population 
offers enormous potential for global leadership, 
innovation, and economic growth.

Africa’s economic outlook is 
positive in the short to medium 
term, underpinned by improving 
economic growth and easing 
inflationary pressure. Growth 
projections suggest an average 
increase of 4.1 per cent from 
2025 to 2027, supported by 
public investment, trade, easing 
inflationary pressure, and stable 
currencies.
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CHAPTER 2 TECHNOLOGY AND 
INNOVATION FOR AFRICA’S GROWTH 
Africa’s input-driven growth has some limitations for its long-term productivity. With rising debt, climate 
shocks, and demographic pressures, closing the productivity gap through technology and innovation is a 
critical path to resilient and sustainable growth. This chapter provides empirical evidence on the contribution 
of frontier-technology readiness to productivity and income growth in Africa through two complementary 
channels. The first is skills development, with short-run adjustment costs but rising gains in the medium 
term. The second is industrial activity, which is found to be the most consistent contributor over the study 
horizon. By contrast, deploying technology alone yields modest and short-lived gains, with R&D and finance 
weak or misaligned in many countries.

Enhancing sectoral productivity and growth requires differentiated strategies, as agriculture risks being left 
behind without climate-smart reforms, irrigation, and targeted finance. Manufacturing emerges as Africa’s 
anchor for structural transformation through technology and innovation clusters and corridors, while 
services thrive on digitalization and finance. But with limited human capital to sustain growth, institutions and 
regional cooperation are decisive for technology and innovation to flourish. Stronger governance, regulation, 
and public procurement can consolidate technology gains, while the AfCFTA provides the scale to embed 
innovation in regional value chains. With most economies on the continent dependent on agriculture, frontier 
technologies and innovation need to be directed towards climate resilience—from precision agriculture to 
renewable energy—to ensure that Africa’s transformation is inclusive and sustainable.

These findings imply that Africa’s technology agenda is macro-critical not only for accelerating growth but 
for strengthening resilience. Policy emphasis should shift from “digital expansion” alone to ecosystem 
readiness, especially skills and productive capabilities, to convert technological diffusion into sustained 
productivity gains.
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FRONTIER TECHNOLOGY, PRODUCTIVITY, 
AND GROWTH
Over the past three decades, Africa’s economic growth 
has been input-driven, led primarily by labour force 
expansion and the intensive use of natural resources 
rather than sustained improvements in productivity. 
Although this growth model delivered episodic gains—
often during commodity booms—it has failed to 
generate durable increases in productivity or support 
deep structural transformation. As a result, many 
African economies remain highly exposed to external 
shocks, including commodity price volatility, climate-
related disruptions, and tightening global financial 
conditions. The persistence of low productivity 
growth has become one of the central constraints on 
Africa’s long-term development trajectory.

This challenge is becoming increasingly binding. As 
demonstrated in chapter 1, rapid population growth 
and accelerating urbanization are expanding the 
labour supply faster than productive employment 
opportunities, while fiscal space is narrowing under 
rising debt burdens and mounting climate-related 
spending needs. In this context, growth strategies 
that rely predominantly on factor accumulation are 
no longer sufficient. Sustaining economic growth, 
creating decent jobs, and raising living standards 
will require a decisive shift to productivity-enhancing 
sources of growth. For African economies, closing 
the productivity gap is macro-critical.

Technology and innovation are widely recognised 
as central to productivity growth and long-term 
economic expansion. From Joseph Schumpeter’s 
idea of creative destruction, which highlights the 
role of entrepreneurship in disrupting old models 
and generating new ones, to the contributions of 
endogenous growth theory, which places technological 
innovation at the heart of long-term expansion, 
economic thought has consistently emphasised the 
transformative power of innovation. Technological 
innovation introduces new technologies into 
production and consumption. It identifies emerging 
possibilities, mobilizes the necessary human and 
financial resources, and transforms ideas into useful 
products and processes. Because innovation is 
endogenous—responsive to changes in demand and 
supply—it remains a critical driver of productivity 

gains and higher living standards.1 Technology 
refers to the stock of knowledge, methods, and tools 
that serve as inputs into production and growth.2 
And innovation encompasses both the process of 
applying and recombining these capabilities, and 
the outcomes of that process—new or significantly 
improved products, processes, and organizational 
methods.3 

The current wave of technological change—often 
described as the Fourth Industrial Revolution—has 
intensified the debate on the role of technology in 
productivity growth. Frontier technologies—such 
as artificial intelligence, blockchain, biotechnology, 
drones, and robotics—are reshaping production 
processes and service delivery across agriculture, 
manufacturing, construction, healthcare, education, 
and services worldwide. For Africa, these technologies 
offer the potential to leapfrog traditional development 
pathways, raise efficiency, and support industrial 
upgrading. Precision agriculture can increase 
yields while reducing input costs. Digital platforms 
can expand access to markets and finance. And 

Frontier technologies—such as 
artificial intelligence, blockchain, 
biotechnology, drones, and 
robotics—are reshaping production 
processes and service delivery 
across agriculture, manufacturing, 
construction, healthcare, 
education, and services worldwide. 
For Africa, these technologies offer 
the potential to leapfrog traditional 
development pathways, raise 
efficiency, and support industrial 
upgrading. 
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renewable energy technologies can extend electricity 
to underserved regions. As highlighted in chapters  
1 and 3, these technologies, when effectively 
deployed, can generate large productivity gains and 
broader development benefits. But they also carry 
significant risks, including labour displacements, 
widening inequalities, and skills mismatches—
particularly in economies with large informal sectors 
and limited absorptive capacity—underscoring that 
their impact is neither automatic nor uniform.

 Global experience shows that frontier technologies 
can boost productivity, stimulate entrepreneurship, 
and generate new employment opportunities, 
particularly in economies that have integrated them 
into production systems at scale. North America, 
Europe, and parts of Asia have emerged as leaders 
in artificial intelligence, robotics, and advanced 
manufacturing. By contrast, Africa continues to lag 
behind. Despite the rapid diffusion of basic digital 
technologies—especially mobile connectivity—
productivity gains across the continent have remained 
modest, uneven, and often short-lived. Even among 
Africa’s frontrunners, such as Egypt, Kenya, Rwanda, 
and South Africa, progress in frontier technologies 
remains limited relative to emerging economies such 
as Brazil, India, and Saudi Arabia.

Evidence increasingly indicates that technology 
adoption alone is insufficient to generate sustained 
productivity growth. The economic impact of 
frontier technologies depends on complementary 
capabilities for technologies to be absorbed, 
adapted, and scaled. Skills, industrial capacity, 
digital and physical infrastructure, institutional 
quality, and access to finance jointly shape whether 
technological advances translate into economy-wide 
productivity gains. Weaknesses along any of these 
dimensions can blunt innovation’s impact, resulting 
in shallow or temporary growth effects rather than 
durable structural transformation.

Against this backdrop, the chapter examines the 
empirical relationship between frontier technology, 
productivity, and growth in African economies. It 
addresses three interrelated questions. First, to 
what extent is frontier technology and innovation 
associated with higher productivity outcomes 
in Africa? Second, how does economic growth 
respond to frontier technology and innovation across 
countries? Third, which underlying dimensions—such 

as skills, digital infrastructure, industrial activity, and 
access to finance—are most closely associated with 
productivity and growth outcomes in Africa?

These questions are not fully resolved in the empirical 
literature. Much of the evidence on innovation and 
growth in developing economies relies on narrow 
innovation input measures, such as R&D expenditure 
or patent counts, and estimates their direct 
association with growth. While such approaches often 
yield weak or inconsistent results for Africa, they do 
not distinguish between the limited innovation effort 
and the constraints in translating innovation into 
productivity gains under weak enabling conditions. In 
addition, many studies examine technology adoption 
and growth without explicitly analysing productivity 
outcomes alongside growth, making it difficult 
to assess how efficiency outcomes and growth 
performance are jointly associated with technology 
adoption over time.

The empirical approach in this chapter addresses 
these limitations. By combining a multidimensional 
measure of frontier technology readiness with 
explicit modelling of total factor productivity, the 
analysis allows for a clearer identification of how 
technological readiness translates into efficiency 
gains and, subsequently, into economic growth. 
The use of the Frontier Technology Readiness Index 
(FTRI)4 is particularly appropriate in the African 
context, as it captures not only innovation inputs 
but also the complementary conditions—skills, 
infrastructure, finance, and industrial activity—that 
shape the productivity impact of frontier technologies. 
This framework therefore moves beyond asking 
whether innovation matters, to identifying the 
conditions under which it becomes a sustained driver 
of productivity-led growth in Africa.

 Even among Africa’s frontrunners, 
such as Egypt, Kenya, Rwanda,  
and South Africa, progress in 
frontier technologies remains 
limited relative to emerging 
economies such as Brazil, India, 
and Saudi Arabia.
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GROWTH AND PATTERNS OF TECHNOLOGY 
AND INNOVATION IN AFRICA
Between 2000 and 2023, Africa experienced 
steady economic growth, often exceeding global 
averages. However, this growth was driven largely by 
factor accumulation—labour expansion supported  
by demographic growth and capital deepening in 
infrastructure, extractive industries, and construction—
rather than by efficiency gains. Total factor productivity 
(TFP) made a negative contribution over this period, 
pointing to weak improvements in the effective use of 
labour and capital (figure 2.1).

This input-driven growth model raises sustainability 
concerns. As noted in chapter 1, rising public debt in 
many countries limits the scope for continued capital 
accumulation without productivity gains. At the same 
time, rapid labour-force growth can support long-term 
development only if accompanied by job creation, skills 
development, and technological progress. Without 
a shift to productivity-enhancing sources of growth, 
Africa risks diminishing returns, heightened fiscal 
pressures, and stalled structural transformation.

Figure 2.1 Sources of growth in Africa, 2000–23

 Source: ECA calculations based on Penn World Table, WDI, and ILO, 2025.

Between 2000 and 2023, Africa 
experienced steady economic 
growth, often exceeding global 
averages. However, this growth 
was driven largely by factor 
accumulation—labour expansion 
supported by demographic 
growth and capital deepening 
in infrastructure, extractive 
industries, and construction—
rather than by efficiency gains. 
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In this respect, Africa’s trajectory differs from that of emerging Asian economies, where rapid industrial 
upgrading, export diversification, and integration into global value chains have sustained stronger TFP growth 
since 2000. Advanced economies also illustrate how long-term growth depends primarily on productivity, as 
both labour and capital expansion are relatively constrained.5

STRUCTURAL TRANSFORMATION REMAINS LIMITED
In addition, the continent’s consistent economic growth over the past 20 years has failed to translate into 
robust structural transformation. As observed in chapter 1, services account for a larger share of GDP, yet 
agriculture continues to employ a high share of the workforce. Manufacturing has seen pockets of productivity 
improvement, but these gains have been uneven across 
countries and sectors.

The reallocation of labour and capital from low-
productivity activities—such as subsistence farming 
to higher-productivity manufacturing and modern 
services—has been slow in Africa. Unlike East Asia, 
where industrialization drove rapid and sustained 
growth, the continent’s manufacturing has stagnated. 
The share of manufacturing in GDP, slightly above 13 
per cent in 2000, dropped to about 10–11 per cent 
by the mid-2010s and stagnated around that level through 2023 (figure 2.2). This trajectory contrasts with 
East Asia’s manufacturing boom and underscores the continent’s premature deindustrialization—a shift into 
services, often dominated by low-productivity activities, at relatively low levels of income.6

Figure 2.2 Average sectoral shares of value added, 2000–24

Source: ECA calculations based on WDI and ILO, 2025.

At a subregional level, North and Southern Africa maintained higher manufacturing shares, reflecting more 
diversified economies, while West, East, and Central Africa displayed lower and more volatile shares, showing 
clear declines since the early 2000s. The common trend across all subregions is of stagnation since the late 
2000s, underscoring the persistence of slow and uneven structural transformation.

Some countries, such as Morocco and Ethiopia, built notable industrial bases, while others, like Kenya, 
developed hubs in ICT and services. Yet in general, Africa’s economic complexity remains low, and exports 
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Figure 2.2 Average sectoral shares of value added, 2000–24

The share of manufacturing in GDP, 
slightly above 13 per cent in 2000, 
dropped to about 10–11 per cent 
by the mid-2010s and stagnated 
around that level through 2023.
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are still heavily concentrated in commodities and 
low value products.7 This lack of diversification both 
constrains income growth and increases vulnerability 
to external shocks.

With limited structural transformation and without 
stronger productivity gains, growth based on 
expanding capital and labour will face diminishing 
returns. Raising TFP will require improvements in 
allocative efficiency, better functioning markets, 
and stronger competition to raise returns on 
investment. Innovation and technology adoption will 
be central to this shift. Strengthening human capital, 
crowding in private investment, and supporting  
innovative ecosystems will help sustain growth and 
create more resilient economies.8 

Technology and innovation are widely recognized 
as key drivers of productivity growth, structural 
transformation, and long-term development, not 
only through frontier invention but through effective 
adoption, diffusion, and scaling within domestic 
production systems. In Africa, however, the 
development impact of technological change has 
remained limited. Despite rapid diffusion of basic 
digital technologies, productivity gains have been 
modest and uneven, reflecting fragmented adoption 
and weak integration into productive activities. These 
outcomes point to persistent constraints in innovation 
ecosystems—particularly in skills, infrastructure, 
finance, and institutional capacity—limiting the ability 
of firms and economies to translate technology 
into sustained development gains. These structural 
challenges are reflected in widely used measures of 
technological and innovation performance. 

PATTERNS OF INNOVATION, 
TECHNOLOGY ADOPTION, 
AND POTENTIAL IMPACT ON 
DEVELOPMENT IN AFRICA 

Based on technology and innovation measures such 
as the UNCTAD’s FTRI and the Global Innovation Index 
(GII)9 of World Intellectual Property Organization 
(WIPO), African economies consistently score below 
global averages, closely aligned with income levels.10 
This reflects underdeveloped innovation systems, 
and weak diffusion of new technologies. 

Between 2010 and 2023, Africa’s FTRI showed  
a modest upward trend for the continent as  
a whole, rising from just above 0.30 in 2010 to around  
0.29–0.30 by 2020, with notable cyclical fluctuations 
rather than sustained acceleration was realised. This 
pattern points to incremental capability formation, 
punctuated by temporary setbacks, rather than  
a decisive structural shift in technological readiness 
(figure 2.3). Subregional averages reveal persistent 
and widening disparities. North Africa consistently 
leads, with composite scores averaging close to 
0.48–0.50, reflecting stronger ICT infrastructure, 
skills formation, and industrial capabilities. Southern 
Africa follows, with scores around 0.44–0.46, 
benefiting from more diversified economies and 
stronger firm-level capabilities, though without  
a clear upward break. By contrast, West, East, and 
Central Africa cluster at significantly lower levels, 
with average scores mostly between 0.22 and 0.30, 
indicating weaker diffusion of frontier technologies 
and more limited absorptive capacity. Central Africa 
remains the lowest-performing subregion throughout 
the period, underscoring deep structural constraints 
related to infrastructure gaps, skills shortages, and 
limited industrial activity.

Across all subregions, progress has stalled 
since the mid-2010s, reinforcing the conclusion 
that Africa’s technological upgrading remains 
slow and uneven, and insufficient to underpin  
broad-based productivity-led growth without stronger,  
coordinated policy action.

Despite rapid diffusion of basic 
digital technologies, productivity 
gains have been modest and 
uneven, reflecting fragmented 
adoption and weak integration 
into productive activities.
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Figure 2.3 Technology and innovation development (FTRI composite, average) by subregion, 2010–23

Inadequate progress in technology and innovation

Comparing Africa’s subregional medians with the 
continental benchmarks highlights the structural 
weaknesses that continue to limit the continent’s 
technology and innovation progress (figure 2.4). 
Within the Frontier Technology Readiness Index, 
access to finance emerges as Africa’s strongest-
performing pillar, driven by innovations in mobile 
money and fintech, particularly in West and East 
Africa, which have significantly improved households’ 
and firms’ ability to transact and access short-term 
financial services. But this does not imply adequate 
financing for development or innovation. Within the 
FTRI framework, access to finance mainly reflects 
financial inclusion and the expansion of digital 
financial services, rather than the provision of long-
term financing suited to productive and innovative 
investment. 

Benchmarking against global averages reveals that 
Africa still underperforms in access to finance relative 
to the world frontier. The world benchmark displays 
high and well-aligned performance across ICT, skills, 
R&D, industry activity, and finance. Rather than any 
single pillar standing out, these elements reinforce 
one another: skills support technology adoption, R&D 
feeds into firms, industry activity absorbs innovation, 
and finance underpins productive investment. This 
balanced configuration illustrates how innovation 
systems function in practice: productivity gains 
emerge not from the expansion of any single pillar, but 

from their coherent interaction. Finance amplifies the 
effects of skills, R&D, and industrial capacity. R&D is 
embedded in firms and value chains, and technology 
adoption is supported by both human capital and 
market demand. This systemic coherence—rather 
than high performance in any individual dimension—
underpins sustained productivity growth. For this 
reason, the world benchmark is not simply “higher” 
than Africa’s profile, but qualitatively different, 
representing a more integrated and mutually 
reinforcing innovation ecosystem. 

At the subregional levels, North and Southern 
Africa are better positioned, supported by stronger 
financial systems and more diversified economies, 
yet they also fall short of global norms. By contrast, 
performance across the remaining subpillars remains 
weak and uneven. ICT infrastructure shows moderate 
development, with North and Southern Africa 
performing better, reflecting higher connectivity, 
digital adoption, and more established infrastructure 
bases. Skills and industry activity display similarly 
modest levels across most subregions, indicating 
persistent gaps in human capital formation, firm-
level capabilities, and productive diversification. 
While North Africa appears comparatively better 
positioned across several dimensions, and Southern 
Africa shows stronger industry activity, both remain 
constrained by structural weaknesses that limit the 
scaling and diffusion of innovation.
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Figure 2.3 Technology and innovation development (FTRI composite, average) by subregion, 2010–23

Source: ECA calculations based on UNCTAD’s Frontier Technology Readiness Index (FTRI), 2025.
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The most pronounced and systemic deficit lies 
in research and development (R&D). All African 
subregions record very low R&D scores, underscoring 
the continent’s limited capacity to generate, 
adapt, and diffuse new knowledge. This pattern is 
consistent with expenditure data. Between 2000 and 
2023, African countries invested on average only 
about 0.45 per cent of GDP in R&D, compared with a 
global average of around 1.7 per cent, making Africa 
the lowest-spending region worldwide (figure 2.5). 
No African country had reached the African Union’s 
target of 1 per cent of GDP in R&D by 2021.11 Even 

the continent’s top performers remain well below 
the global average and far behind innovation leaders 
such as Israel, Japan, and South Korea, where R&D 
spending typically ranges between 3 and 4 per cent 
of GDP.12

In many low-income African countries, R&D spending 
remains below 0.2 per cent of GDP, reflecting 
deep structural financing and institutional gaps in 
science, technology, and innovation systems. This 
chronic underinvestment is closely associated with 
weak scientific and technological outputs. Despite 
accounting for around 17 per cent of the world’s 
population, Africa produces only 1–2 per cent of 
global research publications and patents.13 According 
to WIPO, less than 1 per cent of global patent 
applications originate from African inventors.14

Figure 2.4 Technology and innovation average subpillars, 2023

Comparing Africa’s subregional 
medians with the continental 
benchmarks highlights the 
structural weaknesses that continue 
to limit the continent’s technology 
and innovation progress.
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A central message: Africa’s innovation challenge is 
not primarily one of basic financial access, but of 
insufficient depth, quality, and direction of investment 
into skills, industry, and especially R&D. The resulting 
innovation deficit constrains productivity growth, 
reinforces dependence on low-value primary 
activities, limits the adoption and adaptation of 
emerging technologies, and curtails the creation of 
high-skilled employment—imposing significant long-
term economic and developmental costs.

However, a few countries have made steady gains, 
demonstrating higher and more consistent R&D 
spending. Policy frameworks, such as the AU’s 1 per 
cent target and the creation of national science and 
innovation funding initiatives, are gradually raising 
visibility and political commitment. At the same time, 
Africa’s emerging sectors—from renewable energy 
to fintech and digital technologies—are drawing in 
private R&D investment. Moreover, international 
partnerships, such as AfDB initiatives and UN-
supported STI programmes, are helping to catalyse 
research activities.

The correlation between GDP per capita, and 
technology and innovation captured by FTRI across 
African countries is positive (figure 2.6). Higher-
income economies such as Egypt, Mauritius, 

Morocco, South Africa, and Tunisia record higher 
FTRI scores, reflecting stronger performance in areas 
such as ICT penetration, human capital development, 
and innovation systems. By contrast, low-income 
economies such as Burundi, Central African Republic, 
and Chad cluster at the bottom, with both low GDP 
per capita and weak technology related investments. 
Some outliers are notable. Resource-rich economies 
such as Equatorial Guinea display relatively high 
GDP per capita but weak technology and innovation 
performance, underscoring that resource rents 
do not automatically translate into advances  
in technological and innovation systems. This 
suggests that income alone is not sufficient; policy 
choices and investment in enabling ecosystems 
matter greatly. 

African countries invested on 
average only about 0.45 per cent 
of GDP in R&D, compared with a 
global average of around 1.7 per 
cent, making Africa the lowest-
spending region worldwide.

Figure 2.5 Gross domestic expenditure on R&D
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 Source: ECA calculations based on UNCTAD’s Frontier Technology Readiness Index (FTRI), 2025.

Diverging trajectories

Overall, Africa’s technology divide mirrors its income 
divide, but countries can diverge from the expected 
pattern depending on whether they implement 
deliberate strategies to build innovation capacity. 
This makes a strong case for targeted policies in ICT, 
skills development, and innovation ecosystems as 
critical levers to enhance technology and innovation 
and ensure that income growth is accompanied by 
technological upgrading.

Some internal divides also mirror income inequalities as well as urban rural inequalities. Many African economies 
demonstrate performance levels that exceed expectations relative to their incomes that are overperforming, 
performing in line with, or underperforming their level of development (figure 2.7). Some economies stand 
out as consistent innovation overperformers. Rwanda has maintained above-expected performance since 
2012, establishing itself as one of the continent’s most persistent good performers. Madagascar has shown 
steady and sustained progress since 2016, while Senegal and Morocco have also recorded notable gains, 
positioning themselves as emerging innovation hubs in West and North Africa. South Africa has displayed 
strong results since 2018, while Burundi has recently registered significant improvements, reflecting its 
gradual but meaningful progress in innovation capacity.

The correlation between GDP 
per capita, and technology and 
innovation captured by FTRI across 
African countries is positive.

Figure 2.6 Technology and innovation and GDP per capita in Africa, 2023
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Source: ECA calculations based on WIPO data, 2025.

Several other African economies perform broadly 
in line with expectations given their level of 
development. These include Cabo Verde, Egypt, 
Ghana, Kenya, Mozambique, Mauritius, Nigeria, 
Togo, Tunisia, the United Republic of Tanzania, 
Uganda, Zambia, and Zimbabwe. Their performance 
illustrates steady alignment between innovation 
outcomes and economic fundamentals, even if they 
do not consistently exceed expectations.

Africa’s ambition to climb the innovation ladder is 
increasingly reflected in the growth of science and 
technology (S&T) clusters. Since 2016, the Global 
Innovation Index (GII) has identified clusters worldwide 
using two indicators: the location of inventors in 
WIPO Patent Cooperation Treaty applications and the 
authorship of scientific publications.15 For the first 
time in 2024, Cairo entered the world’s top 100 S&T 
clusters, marking Africa’s debut in this global ranking. 
Beyond Cairo, the GII identified the continent’s top 
50 clusters. Johannesburg/Pretoria and Cape Town 
(South Africa), Tunis (Tunisia), and Alexandria (Egypt) 
followed Cairo at the top of the African ranking. Egypt 
leads with 11 clusters, followed by South Africa (8), 
Morocco (5), Nigeria and Tunisia (4 each), Ethiopia 
and Ghana (2 each), and Kenya (1). These hubs are 
largely driven by scientific publications rather than 

patenting, underscoring their role as science rather 
than full innovation clusters.

Although Africa’s overall technology and innovation 
activity remains limited, there are promising signs 
of emerging ecosystems. Kenya, Nigeria, and South 
Africa have developed vibrant start-up scenes and 
technology hubs, while Africa’s contribution to 
global scientific publications—still modest—has 
grown in recent years.16 Scaling up these gains will 
require closing the continent’s R&D investment gap, 
strengthening universities and research institutions, 
and improving intellectual property protection.17 
Building skills and infrastructure is equally critical for 
firms to move up value chains and boost productivity.

Figure 2.7 GDP per capita and innovation performance in Africa, 2024

Many African economies 
demonstrate performance 
levels that exceed expectations 
relative to their incomes that are 
overperforming, performing in line 
with, or underperforming their level 
of development.
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Some countries are already diversifying their 
economic structures. Morocco and Ethiopia have 
created pockets of industrial capacity, while Kenya 
has positioned itself as a regional hub for ICT 
services. These cases illustrate the potential for 
innovation and industrialization, yet they remain 
exceptions in a context where economic complexity 
is low, and exports remain largely commodity-based.

Looking ahead, the challenge is to accelerate this 
gradual progress to avoid exclusion from emerging 
global production networks in fields such as AI, 
green hydrogen, biotechnology, and the wider 
Fourth Industrial Revolution. Progress in finance, ICT 
diffusion, and regional policy initiatives provides a 
foundation, but ensuring that all subregions advance 
together will be essential. Without greater integration 
to harmonize standards, pool research capacity, and 
finance digital and green transitions collectively, 
Africa risks diverging trajectories with more advanced 
regions pulling ahead as others fall farther behind.

In this context, Africa’s effective readiness for 
frontier technologies depends on strengthening its 
capacities to produce, absorb, and consume them in 
a coordinated manner. Production requires greater 
investment in R&D, stronger links between research 
institutions and firms, and supportive industrial and 

innovation policies. Absorption hinges on reliable 
digital and energy infrastructure, improved access to 
finance and sustained skills development to enable 
firms—especially SMEs—to adopt new technologies 
at scale. Consumption, in turn, depends on affordable 
connectivity, digital inclusion, and robust regulatory 
frameworks that ensure broad access and fair 
competition. Aligning and deepening these three 
dimensions is essential for frontier technologies to 
drive structural transformation and inclusive growth 
rather than widen regional and social divides.

Africa’s effective readiness for 
frontier technologies depends on 
strengthening its capacities to 
produce, absorb, and consume 
them in a coordinated manner. 
Production requires greater 
investment in R&D, stronger links 
between research institutions and 
firms, and supportive industrial and 
innovation policies. 
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INNOVATION AND ECONOMIC GROWTH: 
THEORETICAL AND EMPIRICAL 
PERSPECTIVES 
INNOVATION AS THE ENGINE  
FOR GROWTH

Innovation is widely recognized as the engine for 
long-term growth, but the mechanisms that drive 
its development remain contested. The literature 
broadly clusters into three strands: innovation as 
an exogenous driver, innovation as an endogenous 
process, and innovation as conditioned by human 
capital and institutions. For Africa’s development, 
these distinctions are not merely theoretical, they 
shape whether innovation policy should prioritize 
frontier technologies R&D, technologies adoption, 
institutional reform, or capability-building. The 
relevance of each strand depends on Africa’s structural 
characteristics, including late industrialization, small 
domestic markets, and limited research intensity.

In the neoclassical framework, Solow (1956) treated 
technological progress as the ultimate source of 
sustained growth but exogenous to the model. His 
approach confirmed that “capital accumulation alone 
is insufficient” but offered little guidance on how 
innovation arises.

While influential, this framework offers limited policy 
traction for African economies, where innovation is 
less about autonomous technological breakthroughs 
and more about diffusion, adaptation, and learning.

By contrast, Schumpeter (1934) described growth 
as a process of “creative destruction,” where 
entrepreneurial innovations transform markets 
and production systems. He identified five types 
of innovation—products, processes, markets, 
supply sources, and organization. And he stressed 
competition and entrepreneurial ecosystems, though 
without fully addressing social or institutional 
dimensions. Schumpeterian insights resonate with 
African contexts characterized by rapid firm entry, 
informal entrepreneurship, and sectoral reallocation, 
but they require institutional mediation to avoid 
reinforcing market concentration or informality rather 
than productive transformation.

Endogenous growth theory from the late 1980s 
incorporated innovation directly into models. Romer 
(1989) viewed technological change as the outcome 
of deliberate investments in human capital and R&D, 
generating spillovers that justify public intervention 
through subsidies, tax incentives, and intellectual 
property rights. Aghion and Howitt (1990) formalized 
Schumpeterian dynamics, showing how successive 
waves of innovation drive growth but also create 
“business-stealing” effects that can discourage 
further investment if monopoly power becomes 
entrenched. For Africa, endogenous models highlight 
both opportunities and constraints: while spillovers 
justify public support, limited fiscal space and weak 
competition policy can mute their effectiveness or 
exacerbate inequality.

Complementary perspectives highlight enabling 
conditions. Lucas (1988) emphasized human capital 
accumulation as a foundation for innovation, while 
North (1990) and Acemoglu, Johnson, and Robinson 
(2005) underscored the centrality of institutions. 
Secure property rights, effective governance, 
and rule of law create incentives for innovation  
and technology adoption, while extractive institutions 
undermine them. This strand is particularly salient 
for Africa, where institutional quality and skill gaps 
can determine whether innovation manifests as 
productivity-enhancing transformation or remains 
confined to isolated enclaves.

INNOVATION DOES NOT 
AUTOMATICALLY TRANSLATE  
TO GROWTH

Empirical research consistently identifies innovation 
as an important driver of economic growth, though 
the magnitude and channels of this relationship vary 
significantly across contexts. At the global level, 
innovation inputs—commonly proxied by research and 
development (R&D) expenditure and patent activity—
are positively associated with income growth, 
with the strongest effects in advanced economies.  
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In these settings, skilled labour, effective institutions, 
and large domestic markets enhance the capacity 
to absorb and deploy new technologies, allowing 
innovation to translate more readily into productivity 
gains.18 More recent contributions emphasize that 
these outcomes depend critically on the presence 
of enabling innovation ecosystems, highlighting the 
central role of education, governance, infrastructure, 
and institutional quality in converting innovation 
inputs into sustained economic performance.19 
Taken together, this literature suggests that 
innovation or technology indicators in isolation are 
insufficient; what matters is the broader system that 
generates, diffuses, and applies innovation.

The innovation–growth relationship is also dynamic 
and bidirectional. Innovation contributes to economic 
growth, while growth itself generates the resources 
required for further investment in innovative 
activities, creating a reinforcing feedback loop.20 
Within this dynamic process, the quality of innovation 
has been shown to be decisive. High-impact patents 
exert a stronger and more persistent effect on long-
term growth than simple patent counts, which often 
capture incremental or low-value innovations.21 This 
distinction is particularly relevant for developing 
regions, where conventional innovation metrics may 
overstate innovative effort while understating its 
developmental and productivity impact.

For developing and transition economies, empirical 
evidence is more heterogeneous, reflecting differences 
in institutional capacity, industrial structure, and 
market depth. Some studies identify a reinforcing 
cycle between innovation and growth, but only under 
favourable institutional conditions.22 In other contexts, 
innovation follows rather than precedes growth, 
suggesting that technological upgrading may be an 
outcome of structural transformation rather than its 
initial driver, particularly where industrial bases are 
shallow and institutions are weak.23 Country evidence 
reinforces this conditionality. In India, innovation’s 
contribution to growth diminished as expansion 
became increasingly driven by labour force growth 
and other nontechnological factors.24 In contrast, in 
several Asian economies, innovation has contributed 
to growth through specific channels—most notably 
financial innovation and integration into global 
technology networks—rather than through domestic 
R&D alone.25 These experiences suggest that for 
latecomer economies such as African countries, 

connectivity to global knowledge and production 
systems may be more consequential than attempts 
to replicate advanced-economy R&D models.

The evidence from Africa points to similar, and 
often more binding, conditionalities. Innovation 
contributes positively to growth when supported 
by adequate human capital accumulation and 
investment, and when institutional quality exceeds 
a minimum threshold.26 At the same time, Africa’s 
innovation systems remain heavily dependent on 
external sources, including foreign patents and 
imported R&D, reflecting limited domestic capacity 
to internalize innovation gains.27 This structural 
dependence constrains the translation of innovation 
inputs into sustained productivity improvements. 
Firm-level evidence further highlights the role of 
complementary constraints. Innovation-led job 
creation is frequently undermined by infrastructure 
bottlenecks, especially unreliable electricity supply. 
And weak institutional environments can dampen 
or even reverse the growth impacts of otherwise 
promising innovations.28 Financial innovations such 
as mobile money have generated positive growth and 
inclusion effects in several African countries, but their 
broader impact remains contingent on institutional 
and regulatory quality.29

Overall, the literature converges on a central insight: 
innovation does not automatically translate into 
economic growth. Its effectiveness depends on 
the interaction between innovation inputs and the 
quality of institutions, human capital, infrastructure, 
and absorptive capacity. For Africa in particular, 
innovation policy must be embedded within broader 

For Africa in particular, innovation 
policy must be embedded within 
broader ecosystem reforms 
that strengthen governance 
and the quality of institutions, 
expand education and skills, 
improve infrastructure, and 
connect domestic firms to global 
knowledge flows.
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ecosystem reforms that strengthen governance and 
the quality of institutions, expand education and skills, 
improve infrastructure, and connect domestic firms 
to global knowledge flows. Under these conditions, 
innovation can evolve from fragmented and isolated 
initiatives into a sustained driver of productivity-led 
and inclusive growth.

For African policymakers, the implication is clear: 
innovation strategies should be assessed not by 
their technological ambition alone, but by their 
alignment with structural transformation objectives, 
employment creation, and institutional readiness.

TRANSFORMATIVE POTENTIAL OF 
FRONTIER TECHNOLOGIES FOR 
ECONOMIC GROWTH

Building on the theoretical and empirical foundations 
just discussed, recent global evidence highlights 
the transformative potential of frontier technologies 
for developing countries. Advances in artificial 
intelligence (AI), the Internet of Things (IoT), drones, 
and renewable energy technologies are increasingly 
seen as general-purpose technologies that can 
accelerate catch-up with advanced economies.30 For 
instance, AI and IoT enable real-time data collection, 
monitoring, and communication across sectors; 
drones have improved agricultural productivity 
through precision crop monitoring, enhanced logistics 
and service delivery, and strengthened emergency 
response capabilities; and solar photovoltaic 
technologies have become central to renewable 
energy adoption and sustainable development 
pathways.31

Frontier technologies generally have a positive, 
though context-dependent, impact on economic 
growth. Ofori et al. (2025) report a modest but 
statistically significant growth effect associated 
with frontier technology adoption. A growing body 
of literature further identifies specific transmission 
channels for these technologies to influence growth, 
with financial inclusion emerging as one of the 
most robust. In Africa, mobile phone penetration, 
internet connectivity, and mobile money adoption 
significantly expand access to financial services, 
particularly among underserved populations.32 
This channel is especially salient where persistent 
financial exclusion has historically constrained firm 

expansion and household investment, reinforcing the 
finance-led growth mechanism.

Beyond finance, frontier technologies also support 
structural transformation and productivity-enhancing 
sectoral shifts. Digital adoption lowers entry barriers, 
supports entrepreneurship, and facilitates the 
reallocation of labour from low- to higher-productivity 
activities. Internet expansion accelerates labour 
reallocation towards more productive sectors in 
Africa, while entrepreneurship combined with digital 
adoption fosters broader economic development.33 
These findings underscore the catalytic role of 
technology in enabling structural change rather than 
merely raising output within existing sectors.

A closely related strand of the literature focuses 
on digital infrastructure as a foundational input to 
growth. Broadband subscriptions, mobile cellular 
adoption, and related digital investments are 
positively associated with GDP per capita across 
African economies.34 Digital infrastructure can thus 
function as a general-purpose input that enables 
productivity gains across multiple sectors, rather than 
as a sector-specific intervention. Importantly, studies 
employing econometric approaches that address 
endogeneity and simultaneity—such as instrumental 
variable and dynamic panel estimators—continue 
to find positive or causal effects, indicating that the 
observed relationships are not driven by reverse 
causality.35 The consistency of these findings across 
African subregions and their replication in global 
studies strengthen their external validity.36

Evidence from other developing regions reinforces 
these conclusions. In Asia and Latin America, positive 
growth effects are associated with technology 

For African policymakers, the 
implication is clear: innovation 
strategies should be assessed not 
by their technological ambition 
alone, but by their alignment 
with structural transformation 
objectives, employment creation, 
and institutional readiness.
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adoption, digital infrastructure expansion, and 
connectivity to global production and knowledge 
networks.37 So, the growth benefits of frontier 
technologies are not region-specific but depend on 
broader enabling conditions.

But the positive effects of frontier technologies are 
not universal. Limited state capacity, weak physical 
infrastructure, governance failures, and persistent 
digital divides can blunt—or even reverse—the 
growth benefits of frontier technologies adoption.38 
These countervailing findings caution against 
techno-optimism and reinforce the importance of 
complementary reforms.

Overall, the evidence indicates that frontier 
technologies can be transformative for Africa only 
when embedded in broader development strategies 
that address institutional quality, infrastructure 
gaps, human capital constraints, and distributional 
concerns. Technology–growth analysis must 
therefore be situated within wider sociopolitical 
and institutional contexts, particularly in developing 
regions. Under such conditions, frontier technologies 
can move beyond isolated applications to become 
sustained drivers of productivity, structural 
transformation, and inclusive growth.

TOWARDS A CONCEPTUAL 
FRAMEWORK FOR  
INNOVATION-LED GROWTH
 Much of the growth and innovation literature treats 
innovation or technology as a single, undifferentiated 
input—often proxied by R&D expenditure, patent  
counts, or composite technology indices—
and assumes a direct link between innovation, 
productivity, and growth. While analytically 
convenient, this approach collapses in distinct 
stages of the innovation process, from investment 
and knowledge creation to diffusion, absorption, and 

structural reallocation. As a result, it obscures the 
points at which the innovation–growth relationship 
may weaken or break down and provides limited 
insight into delayed or uneven productivity responses.

These limitations are particularly acute in Africa. Many 
African countries invest in frontier technologies and 
digital infrastructure without realizing commensurate 
productivity gains. This is not because innovation is 
ineffective, but because key complementarities—
skills, institutions, finance, infrastructure, and 
diffusion mechanisms—are insufficiently developed. 
Conventional models struggle to capture these 
constraints and the cumulative, path-dependent 
nature of innovation-led development. The framework 
here addresses these gaps by unpacking innovation 
into sequential stages with explicit feedback loops, 
clarifying how and under what conditions frontier 
technologies translate into productivity gains, 
structural transformation, and sustainable growth in 
Africa (figure 2.8). Rather than treating innovation as 
a single input, it is structured as a five-stage causal 
sequence with reinforcing feedback mechanisms, 
capturing both the sequencing and cumulative nature 
of effects.

Frontier technologies can be 
transformative for Africa only when 
embedded in broader development 
strategies that address institutional 
quality, infrastructure gaps, 
human capital constraints, and 
distributional concerns. 
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Figure 2.8 Conceptual framework for innovation-led growth

1.	  Foundational enablers (system preconditions)

The first cluster represents the deep structural 
conditions that determine whether innovation can 
emerge and be absorbed. It consists of human 
capital development; institutional and governance 
quality; infrastructure readiness; financial system 
depth; entrepreneurial ecosystem development. 
These elements do not directly raise productivity, 
but they condition the returns to all subsequent 
innovation activity. Weak foundations imply that 
innovation inputs will yield only shallow or short-
lived effects. Strong foundations, by contrast, lower 
transaction costs, reduce risk, improve coordination, 
and enhance absorptive capacity across firms and 
sectors.

This cluster corresponds directly to the “enabling 
environment” highlighted in endogenous growth and 
institutional growth theories (Romer–Lucas–North–
Acemoglu et al.).

2.	 Innovation inputs (intentional resource  
commitments)

Cluster 2 captures purposeful investments and 
policy-driven efforts to generate or access new 
knowledge and technologies. These flow variables 
represent active effort, not productive capability: R&D 
investment and expenditure; knowledge outputs-
publications, patents; digital and ICT investment; 
collaborative research and innovation platforms; 
initial innovation networks and partnerships.

These inputs represent attempted innovation, but 
do not yet guarantee productivity outcomes. At this 
stage, knowledge is still fragmented, experimental, 
and weakly diffused. Importantly, this cluster 
measures effort, not economic usability.

3.	 Knowledge and technology accumulation  
(absorptive and diffusion capacity)

Cluster 3 captures the stock and economywide 
embedding of knowledge, not the flow of innovation 
effort. It represents the transformation of inputs into 
usable productive capability through skills formation 
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Figure 2.8 Conceptual framework for innovation-led growth

Source: Conceptualised by the authors, 2025.
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and learning-by-doing; institutional learning and 
absorptive capacity; technology diffusion and 
widespread ICT penetration; and cross-sector 
spillovers and imitation effects. This is the critical 
conversion stage where innovation inputs become 
economically meaningful (it aligns directly with the 
LP–SGMM empirical results below, where: FTRI 
impacts on TFP become positive only after years 2–3. 
The delay reflects the time needed for knowledge 
accumulation and diffusion.

4.	 Productivity gains (economic efficiency out-
comes)

Once knowledge is embedded and diffused, 
it produces measurable efficiency and quality 
improvements, captured in cluster 4: total factor 
productivity (TFP) growth; technical and allocative 
efficiency improvements; quality upgrading and 
standards compliance and process and product 
innovation.

5.	 Structural transformation and sustainable 
growth (final outcomes)

In the final stage, persistent productivity gains drive 
long-term structural change: economic diversification; 
value addition and global/regional value-chain 
upgrading; job creation and improved employment 
quality and sustainable growth trajectories. This 
cluster captures the macroeconomic reallocation 

effects of innovation: labour shifts from low-
productivity to high-productivity sectors; firms 
upgrade technologically; production structures 
become more complex and resilient. 

The framework explicitly embeds three reinforcing 
feedback mechanisms:

•	 Knowledge accumulation → Productivity → 
New innovation investment; productivity gains 
generate profits, fiscal space, and learning 
effects that stimulate further R&D and technology 
investment.

•	 Productivity → Structural transformation → 
Stronger foundations; structural transformation 
strengthens institutions, infrastructure, finance, 
and skills systems, reinforcing cluster 1.

•	 Growth → System upgrading →Higher innovation 
returns; as economies become more diversified 
and complex, the returns to innovation rise, 
deepening the next cycle.

These dynamics explain why innovation-led growth is 
nonlinear, cumulative, and path-dependent, and why 
delayed productivity effects are a structural feature 
rather than an empirical anomaly.
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HARNESSING INNOVATION AND 
TECHNOLOGY FOR PRODUCTIVITY-DRIVEN 
GROWTH IN AFRICA 
Building on the theoretical and empirical review, 
this section examines how frontier technologies are 
associated with productivity and economic growth 
in Africa.39 The analysis centres on total factor 
productivity (TFP) as the key transmission channel for 
technology and innovation to affect growth, allowing 
a clear distinction between enabling conditions, 
productivity outcomes, and aggregate economic 
performance. To capture these enabling conditions, 
the study employs UNCTAD’s Frontier Technology 
Readiness Index (FTRI), a multidimensional measure 
encompassing skills, ICT infrastructure, access to 
finance, and related capabilities.

Jointly analysing productivity and growth 
outcomes using a broad measure of technological 
readiness provides more nuanced evidence on 
where and how frontier technologies are linked to 
economic performance. Recent improvements in 
data availability—most notably the FTRI—enable 
systematic cross-country analysis over time and allow 
the results to inform policy more directly, particularly 
by identifying which dimensions of readiness are 
most closely associated with productivity and growth.

Accordingly, the analysis provides evidence on 
the relationship between frontier technologies 
and productivity outcomes, their association with 
economic growth, and the relative importance of 
different readiness dimensions—such as skills, ICT 
infrastructure, finance, and industrial capacity—in 
shaping these outcomes. By disaggregating these 
relationships, the results help identify where policy 
constraints are most binding and where targeted 
interventions are likely to yield the greatest productivity 
and growth dividends, while underscoring the need 
for careful interpretation of composite indicators.

The FTRI, though well suited to this purpose, requires 
caution. As a composite index, it aggregates 
components measured with varying precision, 
involves normative weighting choices, and combines 
indicators of readiness with elements reflecting 
actual use. It is thus interpreted here as an indicator 

of the enabling environment for frontier technologies 
rather than a direct measure of technological 
capability. The empirical results should be read 
as identifying associations between technological 
readiness and productivity and growth outcomes, 
underscoring that frontier technologies are most 
likely to support Africa’s long-term growth when 
embedded in coherent innovation ecosystems that 
align infrastructure, skills, finance, and institutions.

FRONTIER TECHNOLOGIES AND 
PRODUCTIVITY OUTCOMES

Technology and innovation activities exert a delayed 
but long-term positive impact on productivity in 
Africa. The results of the empirical study on the 
impact of technology and innovation on TFP indicate 
that technology and innovation (captured by FTRI) 
exert no immediate effect on productivity in year 0 but 
turns positive and statistically significant from year  
1 onwards.40 The effect strengthens through year  
2 and peaks in years 3 and 4 at roughly 0.34 percentage 
points increase in TFP for a one-unit increase in FTRI, 
before tapering off modestly by year 5 reaching 0.26 
percentage points (figure 2.9).41 Economically, this 
implies that a one-unit increase in FTRI is associated 
with sustained productivity gains of more than a 
quarter of a percentage point even five years after 
the initial improvement. These magnitudes are 

The results of the empirical study 
on the impact of technology and 
innovation on TFP indicate that 
technology and innovation (captured 
by FTRI) exert no immediate effect 
on productivity in year 0 but turns 
positive and statistically significant 
from year 1 onwards. 
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not trivial when set against the typically modest 
average TFP growth rates in the sample, indicating 
that improvements in technology and innovation 
accelerate productivity dynamics substantively. In 
addition, the results confirm the strong persistence 
of TFP as the first lag is consistently large and highly 
significant, implying that past productivity levels have 
strong impact on current performance, whereas the 
second lag remains insignificant, which is consistent 
with a dynamic process in the short run. 

So, for Africa as a whole, using an estimated 2025 
GDP of $3.1 trillion,42 the year 5 effect of a one-unit 
increase in FTRI translates into about $8.1 billion in 
additional output, corresponding to 0.26 percentage 
points of TFP growth applied to the continent’s GDP 
in 2025 (see annex tables A2 and A3). 

The dynamic pattern of effects is consistent with 
the strong persistence of productivity observed 
in the estimates. The first lag of TFP is large and 
highly significant, indicating that past productivity 
levels strongly influence current performance, while 
the second lag is insignificant, reflecting short-
run adjustment dynamics rather than long-term 
inertia. Together, these results point to a gradual 
transmission process rather than an immediate 
productivity response.

Importantly, the delayed effects should not be 
interpreted as statistical artefacts but as reflecting 
underlying economic mechanisms highlighted in 
the conceptual framework (cluster 3 in figure 2.8). 
Several complementary processes help explain why 
frontier technology and innovation translate into 
productivity gains only over time.

First, learning-by-doing effects play a central role. 
The adoption of new technologies typically requires 
experimentation, adaptation, and incremental 
improvements at the firm and sectoral levels. 
Productivity gains materialize only after workers 
and firms accumulate experience in using new 
technologies efficiently, reorganizing production 
processes, and adjusting business models.

Second, absorptive capacity building is critical. 
Frontier technologies often require complementary 
investments in skills, managerial capabilities, and 
organizational practices. Improvements in technology 
readiness may initially expand access to new tools, 

but productivity gains emerge only when firms and 
workers develop the capacity to absorb, adapt, and 
integrate these technologies into production. This 
is particularly relevant in African economies, where 
skill gaps and limited R&D capacity can delay the 
realization of productivity benefits.

Third, institutional mediation shapes the speed and 
strength of transmission. Regulatory frameworks, 
standards, procurement systems, and public-sector 
coordination influence how rapidly new technologies 
diffuse and scale across the economy. Weak 
institutions can slow this process, while gradual 
institutional learning and policy adaptation can help 
unlock productivity gains over time. The lagged effects 
are thus consistent with institutional adjustment 
processes rather than immediate responses.

Overall, these mechanisms align closely with the 
conceptual framework, which emphasizes that 
technology and innovation influence productivity 
through a sequence of complementary adjustments 
rather than instant efficiency gains. The results 
underscore that frontier technologies become 
productivity-enhancing only when learning, absorptive 
capacity, and institutional support evolve in tandem.

These dynamics have important policy implications. 
The presence of multiyear lags implies that 
investments in technology and innovation require 
sustained commitment and realistic expectations. 
Policymakers should not expect immediate 
productivity payoffs from improvements in technology 
readiness but rather anticipate gradual gains that 
build over several years. Maintaining consistent 

 For Africa as a whole, using an 
estimated 2025 GDP of $3.1 trillion, 
the year 5 effect of a one-unit 
increase in FTRI translates into 
about $8.1 billion in additional 
output, corresponding to 0.26 
percentage points of TFP growth 
applied to the continent’s GDP in 
2025.
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investment in skills development, institutional 
strengthening, and complementary infrastructure 
over this horizon is therefore essential to fully realize 
the productivity benefits of frontier technologies.

The absence of significant productivity effects from 
foreign direct investment (FDI) inflows and trade 
openness is consistent with longstanding findings in 
the African development literature. One explanation 
lies in the enclave nature of FDI, which in many African 
economies is concentrated in extractive sectors with 
limited backward and forward linkages to domestic 
firms, resulting in weak technology spillovers and 
limited learning effects.43 A second explanation 
relates to resource-biased trade patterns. Trade 
openness in Africa has largely reflected exports of 
primary commodities and imports of consumption 
and capital goods, constraining learning-by-exporting 
and technology diffusion that have supported 
productivity growth elsewhere.44 In such contexts, 
greater integration into global markets does not 
automatically translate into productivity gains when 
export structures remain weakly diversified.

Crucially, the productivity effects of both FDI and trade 
are conditional on domestic absorptive capacity and 
technological readiness. Where skills, technological 
capabilities, and institutional support are limited, 
foreign investment and trade exposure tend to 
reinforce existing production structures rather than 
drive upgrading. This conditionality underscores that 
capital inflows and openness are not productivity-
enhancing in isolation but depend on complementary 
investments in skills, technology adoption, industrial 
capacity, and institutions—dimensions closely 
aligned with frontier technology readiness.45

Human development capacity captured by the Human 
Development Index (HDI) is found to exert a negative 
impact on productivity, to some extent suggesting 

that the available human capital is not conducive 
to technology and innovation enhancement in most 
countries. This result should, however, be interpreted 
with caution and does not imply that human capital 
is detrimental to productivity growth. Instead, it 
reflects limitations in how broad human development 
indicators map onto the skills and capabilities 
required for technology adoption and productivity 
enhancement.

First, aggregate HDI measures do not capture the 
specific technical, digital, and managerial skills 
to absorb frontier technologies. Improvements in 
schooling or health outcomes may therefore yield 
limited productivity returns where education quality 
is low or skills are poorly aligned with technological 
needs, consistent with earlier evidence.46 Second, 
conditional on frontier technology readiness, the 
additional explanatory power of broad human 
development indicators becomes ambiguous, as 
key skill-related channels are already captured 
elsewhere in the model. Third, short-run demographic 
effects associated with health improvements 
may temporarily dampen measured productivity 
in economies facing rapid population growth and 
limited structural transformation.47

Finally, institutional quality conditions the productivity 
impact of human capital. Where institutions are weak, 
gains in education and health may not translate into 
productive employment or technology-intensive 
activity, reinforcing the complementarity between 
human development and governance capacity.

Overall, the result does not contradict human capital 
theory but highlights that human development 
contributes to productivity primarily when aligned with 
technology adoption and strong institutions. From 
a policy perspective, this underscores prioritizing 
targeted skills development and education–
technology complementarities—such as technical 
and vocational training, digital skills, and managerial 
capabilities—rather than relying on aggregate  
human development indicators alone to drive 
productivity growth.

Policymakers should not expect 
immediate productivity payoffs 
from improvements in technology 
readiness but rather anticipate 
gradual gains that build over 
several years.
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Institutional quality is also found to 
be a long-term enabling factor that 
consolidates and sustains productivity 
benefits of technology and innovation. 
These results suggest that while 
traditional growth drivers such as FDI 
and trade remain weak in enhancing 
productivity, human development and 
institutional frameworks interact with 
technology and innovation activities to 
become critical drivers for sustaining 
productivity gains.

Figure 2.9 Impulse response functions for  
change in technology and innovation

Industrial activity represents the primary channel through which 
technology is embedded into production. Industry-related 
activity—particularly in high-tech manufacturing, ICT-related 
sectors, and digital services—emerges as the most consistent 
and immediate contributor to productivity, with positive and 
statistically significant effects throughout the five-year horizon. 
This finding aligns with the framework’s emphasis on productive 
use and structural transformation: frontier technologies raise 
productivity most effectively when they are deployed within 
active industrial and service ecosystems that enable scale, 
learning, and spillovers. Industrial activity thus functions as 
the main conduit for transforming technological readiness into 
sustained productivity growth.

ICT deployment plays a supporting but conditional role in 
the framework. ICT infrastructure contributes positively 
to productivity only in the medium term, with significance 
emerging around year three. This delayed and limited effect 
reflects the quality, reliability, and coverage constraints of 
digital infrastructure across the continent. Within the theoretical 
framework, ICT functions as an enabling input rather than a 
standalone driver: it amplifies the productivity effects of skills 
and industrial activity but does not generate sustained gains in 
their absence. This reinforces the view that digital infrastructure 
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Figure 2.9 Impulse response functions for change in technology and innovation

Source: ECA calculations. 
Note: The chart shows the impulse response of TFP to changes in the Frontier Tech-
nology Readiness (FTR) Index, estimated using Local Projections combined with Sys-
tem GMM. The estimation uses lags of the endogenous variables (≥ 2) as instruments 
to address potential endogeneity. Year 0 represents the contemporaneous effect, 
while the line at year 5 captures the cumulative impact of the FTR Index on TFP five 
years later. The dashed-line plots the estimated coefficients, and the shaded area 
represents the 90% confidence interval. 

ICT deployment, skill, and industrial 
activities

Disaggregating the Frontier Technology 
Readiness Index (FTRI) into its constituent 
dimensions reveals that the productivity 
effects of technology and innovation 
in Africa operate through distinct 
mechanisms, with markedly different 
time profiles and policy implications 
(figure 2.10). Rather than contributing 
uniformly, the various components 
affect productivity through three broad 
channels: human capital accumulation, 
industrial absorption and use, and 
enabling infrastructure and finance.

At the core of the framework is the 
productivity absorption mechanism, 
driven by skills and human capital. 
Skill capabilities display a strongly 
negative short-run effect on total factor 
productivity, followed by a decisive and 
statistically significant positive effect 
in the medium term (years four and 
five). This pattern reflects adjustment 
and training costs, learning-by-doing, 
and transitional labour-market frictions 
that temporarily weigh on productivity 
before efficiency gains materialize. Skills 
operate as a foundational input that 
determines whether frontier technologies 
can be absorbed, adapted, and effectively 
deployed (see figure 2.8). Without 
adequate human capital, technological 
readiness does not translate into 
productivity gains.
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investments must be closely aligned with productive 
use and human capital development.

By contrast, R&D activity and access to finance do not 
yet operate as effective productivity channels. Frontier 
technology–related R&D, proxied by publications and 
patents, shows insignificant or negative effects on 
productivity, reflecting weak innovation systems, 
limited research–industry linkages, and the long 
gestation periods required for research outputs to 
translate into economic value. Similarly, access  
to finance—measured by domestic credit to the private 
sector—does not exhibit a systematic productivity-
enhancing effect, suggesting inefficiencies in 
financial allocation and a bias toward consumption 
or low-productivity activities. In the framework, these 
pillars represent latent enablers whose potential 
remains underutilized due to institutional and 
structural weaknesses.

The overall results point to strong complementarities 
rather than substitutability across FTRI pillars. Skills, 
industrial activity, and ICT deployment reinforce one 
another along the productivity transmission chain, 
while weaknesses in R&D systems and financial 
intermediation constrain the depth and sustainability 
of productivity gains. This explains why technology 
adoption in Africa has often produced shallow or 
short-lived effects despite visible progress in digital 
diffusion.

Implications for FTRI pillar reform sequencing

Anchored in the theoretical framework and supported 
by the empirical results, a clear sequencing of 
reforms emerges. First, priority should be given 
to skill development and industrial capability, as 
these form the core absorption and productive-use 
mechanisms through which frontier technologies 
affect productivity. Second, ICT infrastructure 
investments should be scaled up in tandem, with an 
explicit focus on quality, reliability, and integration 
into productive sectors, rather than on access alone. 

Third, R&D systems and financial intermediation 
require targeted reforms to strengthen linkages with 
industry, improve allocation efficiency, and support 
technology adoption and upgrading. Addressing 
these pillars in isolation is unlikely to deliver sustained 
productivity gains; coordinated and sequenced 
reforms are essential.

In line with figure 2.8, the findings underscore that 
frontier technologies become growth-enhancing 
in Africa not through their mere availability, but 
through their integration into a coherent ecosystem 
that aligns human capital, industrial activity, digital 
infrastructure, and enabling institutions. Only under 
such conditions can technological readiness be 
transformed into durable productivity growth and 
structural transformation.

Skills, industrial activity, and ICT 
deployment reinforce one another 
along the productivity transmission 
chain, while weaknesses in 
R&D systems and financial 
intermediation constrain the depth 
and sustainability of productivity 
gains. This explains why technology 
adoption in Africa has often 
produced shallow or short-lived 
effects despite visible progress in 
digital diffusion.
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Figure 2.10 Impulse response functions for change in the FTRI components on TFP
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Figure 2.10 Impulse response functions for change in the FTRI components on TFP

Source: ECA calculations.
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Frontier technologies and innovation are not only 
productivity drivers, but growth enablers as well. 
While total factor productivity (TFP) provides a 
critical lens for understanding the efficiency gains 
associated with technology and innovation, it is 
ultimately economic growth and income dynamics 
that determine whether these gains translate into 
higher living standards. For this reason, the analysis 
here extends the specification to incorporate GDP per 
capita to capture the broader developmental payoffs 
of frontier technologies and innovation.

The Frontier Technology Readiness Index (FTRI) 
shows a gradual but significant effect on growth, as 
it is marginally significant in the short term (at 0.38 
percentage points), and strengthen considerably 
in the medium term, before tapering off at slightly 
lower levels (of 1.049–0.975 percentage points) 
(figure 2.11). This trajectory indicates that the 
adoption and utilization of frontier technologies 
and innovation require time to diffuse and embed 
into the economy, but once established, they exert a 
sizable impact on income growth. The results show 
that by the fifth year, the growth effects of frontier 
technologies and innovation could translate into 
substantial monetary gains across Africa, as one-
unit increase could lead to an improvement of nearly 

$2,000 in GDP per capita, while boosting total GDP by 
about $27.5 billion, equivalent to almost one year’s 
worth of income at baseline levels. 

Trade openness and institutional quality are also 
found to exert a positive role in per capita growth. 
The results highlight how integration into global 
markets amplifies the growth effects of innovation. 
While institutional quality results are consistent with 
the notion that stable and effective institutions create 
an enabling environment for growth, even if they do 
not act as a direct driver of growth in the short-term.

Overall, frontier technologies and innovation are not 
only drivers of productivity but also powerful enablers 
of per capita income growth. Crucially, their benefits 
take time to materialize, reflecting the slow process 
of adoption, diffusion, and integration into production 
systems. This highlights the importance of policies 
that sustain innovation-friendly environments 
over time, particularly through investment in skills 
development, industrial upgrading, and trade 
integration, so that the gains from technological 
progress translate into significant improvements  
in living standards (see figure 2.11).

Figure 2.11 Impulse response function for change in the FTRI on per capita growth
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Figure 2.11 Impulse response function for change in the FTRI on per capita growth

Source: ECA calculations.
Note: The figure shows the impulse response of GDP per capita to changes in the Frontier Technology Readiness (FTR) Index, estimated using Local 
Projections combined with System GMM. The estimation uses lags of the endogenous variables (≥ 2) as instruments to address potential endoge-
neity. Year 0 represents the contemporaneous effect, while the line at year 5 captures the cumulative impact of the FTR Index on GDP per capita 
five years later. The solid line plots the estimated coefficients, and the shaded area represents the 90 per cent confidence interval.
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Viewed through the theoretical framework, the disaggregated growth results confirm that frontier technologies 
influence GDP per capita in Africa through sequenced and complementary mechanisms, rather than through 
uniform or immediate effects (see figure 2.8). Indeed, the growth impact of technology and innovation depends 
critically on the interaction between human capital, productive use, and enabling infrastructure, with distinct 
short- and medium-term dynamics (figure 2.12).

Figure 2.12 Impulse response functions for change in the FTRI components on per capita growth

Figure 2.12 Impulse response functions for change in the FTRI components on per capita growth
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Skill development operates as a medium-term 
growth mechanism. The skills component exhibits 
a U-shaped response: negative effects in the short 
run (years 1–2), reflecting training and adjustment 
costs, followed by positive and sustained gains 
from years 3 to 5, amounting to roughly 0.2–0.3 
percentage points in GDP per capita growth. This 
pattern is consistent with the framework’s emphasis 
on absorptive capacity: investments in human capital 
initially impose costs but are essential for translating 
frontier technologies into durable growth gains over 
time.

Industry activities provide the most stable and 
immediate growth channel. Industry-related 
activities—particularly high-tech manufacturing, ICT, 
and digital services—show consistently positive 
contributions to GDP per capita from year 1 onward, 
peaking around years 3–4. This confirms the role of 
productive sectors as the main conduit to embed 
technology and innovation in economic activity, 
reinforcing the finding that growth dividends from 
frontier technologies are strongest when linked to 
structural transformation and industrial upgrading.

ICT deployment plays a short-run, complementary 
role. It generates modest but statistically significant 
growth effects in the early years, before flattening 
out. This pattern suggests that digital diffusion 
alone can deliver quick gains but does not sustain 
growth unless combined with skills development 
and industrial capacity. Within the framework, ICT 
functions as an enabling input that amplifies other 
mechanisms rather than as an independent driver of 
long-term growth.

R&D and access to finance remain weak or misaligned 
growth channels. R&D and access to finance emerge 
as weak or misaligned channels for productivity-
led growth. The R&D component exhibits volatile 
and statistically insignificant effects, reflecting 
persistently low R&D intensity, weak linkages between 
research systems and productive sectors, and the 
long gestation periods required before innovation 
investments translate into measurable productivity 
gains. In contexts where absorptive capacity is 
limited, and firm-level innovation ecosystems remain 
underdeveloped, R&D spending does not yet generate 
systematic growth effects.

Access to finance displays a short-lived positive 
association with productivity, followed by negative 
effects after the third year, indicating that financial 
resources are not consistently channelled toward 
technology- and innovation-enhancing activities. 
Rather than reflecting an absence of financial depth, 
this pattern points to institutional and allocation 
failures in financial intermediation. Financial 
expansion in many African economies remains 
concentrated in nontradable and low-learning 
sectors. It operates on short time horizons ill-
suited to innovation, and is frequently crowded out 
by public financing needs. In addition, limited firm 
capabilities and weak innovation systems constrain 
the productive use of credit, while commonly used 
indicators of financial access primarily capture 
transactional and inclusion-oriented finance, rather 
than long-term, risk-bearing investment finance. 

Overall, these dynamics imply that financial deepening 
in the current forms does not automatically translate 
into productivity gains. Without improvements in 
allocation mechanisms, absorptive capacity, and 
institutional linkages to productive sectors, just 
increasing access to finance risks reinforcing low-
productivity growth patterns, underscoring the need 
to reorient policy from expanding volumes towards 
improving quality, targeting, and sequencing.

Replacing the FTRI with the Global Innovation 
Index (GII) yields weaker and, in the medium term, 
negative growth effects, underscoring the limitations 
of conventional innovation measures that focus 
primarily on inputs. By contrast, the FTRI—by 
capturing readiness conditions alongside innovation 
effort—shows a positive and significant relationship 
with GDP per capita. This contrast reinforces the 
central insight of the framework: innovation yields 
growth dividends only when enabling conditions are 
in place.

Consistent with the framework here, the results suggest 
a clear ordering of priorities. First, skill development 
and industrial capability should be strengthened, as 
they constitute the core mechanisms through which 
frontier technologies translate into sustained growth. 
Second, ICT infrastructure should be expanded and 
upgraded in ways that directly support productive 
and industrial use. Third, financial intermediation 
requires targeted reforms to strengthen its linkages 
with the productive sector and to ensure that financial 
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resources support technology adoption, upgrading, 
and firm-level learning, rather than short-term or 
low-productivity uses. Addressing these pillars in 
isolation is unlikely to generate durable growth 
gains; instead, coordinated and properly sequenced 
reforms are essential.

The policy challenge is therefore not to expand 
finance indiscriminately, but to improve its quality, 
allocation, and sequencing. Financial deepening 
must be accompanied by mechanisms that channel 
resources toward productive and technology-
intensive activities, extend investment horizons, 
strengthen firm-level absorptive capacity, and 
limit crowding out arising from public financing 
needs. Without these complementary reforms, 
additional finance risks reinforcing low-productivity 
growth patterns, rather than supporting sustained 
productivity growth and structural transformation.

SECTORAL PRODUCTIVITY GROWTH 

Technology and innovation play a key role in driving 
productivity growth in manufacturing and services 
sectors but remain elusive in driving the agriculture 
sector.48 The extension of the analysis to these 
three main sectors provides critical insights into 
how technology and innovation affect productivity 
in different parts of the economy. Since the 
impact of frontier technologies and innovation 
may vary substantially across sectors depending 
on their structural characteristics, vulnerability to 
shocks, and capacity for innovation, understanding 
these heterogeneous effects is key for designing 
targeted policies that could accelerate structural 
transformation, boost productivity, and foster 
inclusive growth.

Agriculture shows no consistent productivity gains 
from frontier technology readiness, with elasticity 
turning negative at –0.17 percentage point in year 2 
(figure 2.13). This outcome reflects the sector’s well-
known structural vulnerabilities. Agriculture in much 
of Africa remains highly dependent on rainfall and 
low-productivity smallholder systems, with limited 
irrigation, mechanization, or digital penetration. In 
such settings, higher national technology readiness 
may not filter down to farmers or may even impose 
adjustment costs in the short run if new practices 
disrupt traditional production methods. 

Manufacturing displays a strong and persistent 
positive response to frontier technologies and 
innovation, with elasticities increasing from 0.19 
percentage point at year 1 to a peak of 0.34 
percentage point at year 4 (figure 2.13). This 
suggests that frontier technologies are gradually 
being integrated into industrial processes, generating 
scale economies, efficiency gains, and spillovers into 
related industries. Africa’s emerging industrial hubs, 
particularly in light manufacturing, agroprocessing, 
and automotive assembly, are better positioned to 
absorb digital and automation technologies, which 
could partly be underpinning the gradual positive 
impact. Manufacturing emerges as the sector most 
consistently boosted by frontier technologies and 
innovation, and with the greatest potential to anchor 
structural transformation. 

Services strongly benefit from frontier technologies 
and innovation, with elasticity peaking at 0.27 in year 
2 and remaining robust at 0.23 percentage points in 
year 4. The results mirror the rapid uptake of digital 
technologies across service sectors in Africa, from 
fintech to logistics and e-commerce, which directly 
enhance productivity by lowering transaction costs 
and expanding access to markets.

Trade openness has a positive impact on productivity 
in all three sectors, indicating the significance 
of integration into global markets in enhancing 
productivity in African economies. Institutional 
quality has a positive impact only in agriculture 
and manufacturing suggesting that stronger 
governance improves the sector’s ability to absorb 
new agricultural practices and long-term industrial 

Financial deepening must be 
accompanied by mechanisms 
that channel resources toward 
productive and technology-
intensive activities, extend 
investment horizons, strengthen 
firm-level absorptive capacity, and 
limit crowding out arising from 
public financing needs.
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upgrading, respectively. However, institutional quality is found to have an insignificant impact on productivity in 
the services sector, suggesting that services depend more directly on technology uptake than on governance 
structures. 

Overall, the results imply that frontier technologies and innovation are already driving productivity growth in 
manufacturing and services, but their benefits remain elusive in agriculture, where structural bottlenecks and 
vulnerabilities to external shocks still dominate.

Figure 2.13 Impulse response functions for change in the FTRI on sectoral TFP
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Figure 2.13 Impulse response functions for change in the FTRI on sectoral TFP

ICT deployment, skills development, R&D, enhanced 
industrial ecosystems, and access to finance remain 
critical to sectoral productivity growth through 
technology and innovation. This section considers 
the impact of technology and innovation components 
of skill development, ICT deployment, R&D, industry 
activity, and access to finance, the components of 
the FTRI (figure 2.14). In agriculture, ICT deployment 
is found to have minimal positive impact, suggesting 
that digital adoption alone does not significantly raise 
productivity in African economies, especially in rural 
economies where ICT penetration remains relatively 
low. Skills show a short-lived boost around year 2, but 
the effect fades thereafter, indicating the need for 

continuous education and training which could help 
farmers adopt new and better practices. R&D is found 
to have a persistently negative effect, especially 
after year 3, to some extent reflecting the weakness 
of agricultural research systems in Africa and the 
limited delivery of sector-specific technologies. 

Agriculture shows no consistent 
productivity gains from frontier 
technology readiness, with 
elasticity turning negative at –0.17 
percentage point in year 2.

Source: ECA calculations.
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Figure 2.14 Impulse response functions for change in the FTRI components on sectoral TFP
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Figure 2.14 Impulse response functions for change in the FTRI components on sectoral TFP

Source: ECA calculations.

Industry activity contributes modest positive effects, 
showing that agroprocessing and linkages with 
broader industrial activity can indirectly raise farm 
productivity. Access to finance, however, has a 
strong and lasting negative effect, highlighting the 
severe credit constraints being faced by farmers 
and also even when finance may be available, it 
may not be channelled into productivity-enhancing 
areas. These results suggest that agriculture is the 
least able to translate technology readiness into 
productivity gains, with finance and R&D emerging 
as the most critical bottlenecks to be addressed.

In manufacturing, ICT deployment has a strong 
and steadily increasing effect, reflecting the role of 
digital technologies in enhancing efficiency across 

In agriculture, ICT deployment 
is found to have minimal 
positive impact, suggesting that 
digital adoption alone does not 
significantly raise productivity 
in African economies, especially 
in rural economies where ICT 
penetration remains relatively low.
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production processes and logistics in the sector. 
Skills show a gradual and persistent positive impact, 
underscoring the importance of vocational training 
and technical expertise in supporting industrial 
upgrading. R&D shows a weak impact initially, 
before having a positive and significant impact after 
year 3, suggesting that investments in industrial 
research take time before contributing to productivity 
improvements in the sector. Industry activity has a 
clear and positive effect throughout, demonstrating 
that dense industrial ecosystems generate spillovers 
that raise sectorwide efficiency. Access to finance 
stands out as the single most powerful driver, with 
a strong and persistent positive impact, highlighting 
that manufacturing—being capital-intensive—
relies heavily on credit and investment to sustain 
productivity growth. It is the sector most responsive 
to frontier technology readiness, with finance,  
ICT, and skills the main engines of sustained 
productivity gains.

In services, ICT deployment shows a steady and positive 
effect, reflecting the central role of digitalization in 
activities such as telecommunications, finance, and 
logistics. Skills are initially flat but rise strongly after 
year 3, suggesting that as human capital improves, 
services productivity can catch up with the pace of 
digital transformation. R&D remains slightly negative 
and largely insignificant, so services innovation 
in Africa is less about formal R&D and more about 
diffusion, adaptation, and new business practices. 
Industry activity generates positive medium-term 
effects, showing that services benefit from linkages to 
trade and industrial expansion. Access to finance has 
a strong and persistent positive effect, underscoring 
that service-sector growth—particularly in SMEs, ICT, 
and finance—depends critically on credit availability. 
In sum: services benefit most from ICT and finance, 
with skills becoming increasingly important over 
time, while formal R&D remains of limited relevance 
for their productivity.

Disaggregating by value added

While sectoral TFP analysis sheds light on 
productivity dynamics, disaggregating by value added 
(VA) provides an additional and complementary 
perspective. TFP captures efficiency gains from 
frontier technologies and innovation, but VA reflects 
how these gains (or losses) are translated into 
sectoral output growth and structural change. In 
contexts like Africa, where structural transformation 
is central to long-term development, VA analysis 
allows seeing not only whether productivity is 
rising, but also whether it is associated with the 
sectoral contribution to the economy. Comparing 
VA with sectoral TFP is thus critical as it helps to 
identify whether technology-driven productivity 
improvements are being reinforced by sectoral 
growth or undermined by structural bottlenecks that 
limit output expansion.

At the aggregate level, and as with preliminary 
analytical findings in chapter 1, agriculture exhibits 
a statistically significant negative response to 
frontier technology readiness shocks, with the 
contraction deepening sharply to around –0.35 to 
–0.40 percentage points in year 2, before only a 
partial recovery thereafter, confirming that frontier 
technology readiness (FTRI) depresses agricultural 
VA (figure 2.15). This reinforces the sectoral TFP 
results, where technology and innovation also 
produced weak or adverse productivity effects. 
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When disaggregated into components, the picture 
becomes clearer. ICT provides some modest short-
term benefits through improved access to markets 
and extension services, but these gains fade quickly 
(figure 2.16). Skills offer a temporary boost as training 
helps farmers adopt better practices, yet the lack 
of sustained institutional support prevents durable 
improvements. R&D turns negative, reflecting weak 
agricultural research systems and limited delivery of 
sector-specific technologies. Finance exacerbates the 
problem, with credit often unavailable or misallocated, 
further undermining output. 

Figure 2.15 Impulse response functions for change in the FTRI on value added

Agriculture exhibits a statistically 
significant negative response to 
frontier technology readiness 
shocks, with the contraction 
deepening sharply to around –0.35 
to –0.40 percentage points in year 
2, before only a partial recovery 
thereafter, confirming that frontier 
technology readiness (FTRI) 
depresses agricultural VA.
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Figure 2.15 Impulse response functions for change in the FTRI on value added

Source: ECA calculations.
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Together, these effects explain why both TFP and 
VA in agriculture remain low. Agriculture requires 
more than incremental innovation inputs. Priority 
should be given to irrigation, mechanisation, rural 
infrastructure, and strengthened agricultural R&D. 
Financing strategies need to be redesigned to 
channel resources into farm-level innovation and 
agro-processing. Only with such reforms can frontier 
technologies and innovation could translate into 
lasting productivity and value gains.

Manufacturing results reveal a strong and positive 
elasticity, rising from 0.19 in year 1 to 0.34 percentage 
points in Year 4, indicating that technology and 
innovation are consistently associated with higher VA 
in the sector. This also mirrors the robust productivity 

gains in TFP, showing that frontier technologies 
and innovation are being absorbed effectively 
by industrial systems. When disaggregated, ICT 
stands out as a key driver, supporting digitalization 
of production, logistics, and quality control (see 
figure 2.16). Skills contribute persistently over time, 
reflecting the growing importance of vocational 
and technical training. R&D shows a delayed but 
ultimately positive effect, as industrial research takes 
time to yield productivity gains. Industry activity 
reinforces the positive trajectory, with clustering 
generating spillovers across firms. Most critically, 
finance emerges as the strongest enabler, with long-
term capital access allowing firms to scale and adopt 
new technologies. 

Figure 2.16 Impulse response functions for change in the FTRI on value added

Dependent variable: TFP in agriculture

Dependent variable: TFP in manufacturing

Dependent variable: TFP in services

-0 .3
-0 .2
-0 .1

0
0.1
0.2
0.3

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

ICT

-1 .5

-1

-0 .5

0

0.5

1

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Skills

-1 .5

-1

-0 .5

0

0.5

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

R&D

-0 .3

-0 .2

-0 .1

0

0.1

0.2

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Industry activity

-0 .6

-0 .4
-0 .2

0
0.2
0.4
0.6

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Access to finance

-0 .05
0

0.05
0.1

0.15
0.2

0.25
0.3

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

ICT

-1
-0 .75

-0.5
-0 .25

0
0.25

0.5

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Skills

-0 .4

-0 .2

0

0.2

0.4

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

R&D

-0 .2
-0 .15

-0.1
-0 .05

0
0.05

0.1

-1 0 1 2 3 4 5
Pe

rc
en

ta
ge

 c
ha

ng
e

Year

Industry activity

0
0.5

1
1.5

2
2.5

3

0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Access to finance

-0 .2

-0 .1

0

0.1

0.2

0.3

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

ICT

-0 .5

0

0.5

1

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Skills

-0 .4

-0 .3

-0 .2

-0 .1

0

0.1

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

R&D

-0 .1

0

0.1

0.2

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Industry activity

-1

-0 .5

0

0.5

1

-1 0 1 2 3 4 5

Pe
rc

en
ta

ge
 c

ha
ng

e

Year

Access to finance

Figure 2.16 Impulse response functions for change in the FTRI on value added

Source: ECA calculations.
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So, manufacturing provides the most fertile ground 
for structural transformation. Policies should deepen 
industrial ecosystems, expand access to technology-
enhancing finance, and link vocational training to 
industrial needs. Regional technology corridors 
under AfCFTA can provide economies of scale, 
ensuring that productivity and output gains reinforce 
each other.

In services, technology and innovation effects are 
found to be positive and statistically significant, 
peaking at above 0.35 percentage points around year 
3, before moderating but remaining positive through 
year 4. This complements the strong TFP results, 
underscoring the sector’s dynamism in leveraging 
digitalization. Disaggregated results reveal that ICT 
deployment is the main channel driving immediate 
gains in the sector from telecommunications, 
e-commerce, and financial services (see figure 2.16). 

Access to finance plays a critical enabling role by 
supporting SMEs and platform-based firms before 
tapering off especially after year 2. Skills become 
increasingly important after year 3, ensuring that 
productivity and output gains are sustained as the 
digital economy expands. R&D remains weak and 
mostly insignificant, reflecting the sector’s reliance on 
adaptation and diffusion of technologies rather than 
formal research. Industry activity also contributes 
positively, as service expansion is closely tied to 
industrial demand and trade linkages. To consolidate 
services as a driver of inclusive growth, digitalization 
must thus be coupled with human capital development 

and deeper financial systems. Broadband rollout, 
SME financing, and targeted digital skills training 
need to be emphasized, to ensure sustained growth 
and productivity gains. 

The VA analysis significantly complements the 
sectoral productivity analysis—and the narrative on 
Africa’s structural transformation associated with a 
shift of resources from agriculture to low productivity 
services. Agriculture remains trapped in structural 
bottlenecks hindering rapid uptake of technology and 
innovation, calling for deeper reforms; manufacturing 
successfully converts technology and innovation 
efforts into sustained productivity and output 
growth. That positions it as the anchor for structural 
transformation. Services thrive on digitalization 
and finance but require stronger human capital 
investment to sustain the sector’s growth.

This dual perspective from both VA and TFP 
analysis provide a stronger empirical foundation 
for designing targeted, sector-specific policies that 
can accelerate Africa’s structural transformation. 
The analyses reveal that frontier technologies and 
innovation deliver uneven effects across sectors, so 
policies need to be sector-specific and component-
sensitive, targeting the precise channels—finance 
in manufacturing, skills in services, and structural 
reforms in agriculture—that can unlock technology’s 
full potential to enhance structural transformation 
(box 2.1).

In services, technology and 
innovation effects are found 
to be positive and statistically 
significant, peaking at above 0.35 
percentage points around year 3, 
before moderating but remaining 
positive through year 4.
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Box 2.1 Harnessing frontier technologies for sectoral transformation

Frontier technologies and innovation are transforming Africa’s production landscape, but their effects differ 
sharply across sectors. Converting technology readiness into productivity and growth requires sector-
specific enablers and coherent national strategies.

Sectoral channels of impact:

Agriculture 
Productivity gains from frontier technologies remain limited due to rainfed farming, low mechanization, weak 
R&D, and restricted digital access. In some contexts, digital adoption imposes short-term adjustment costs 
when new practices disrupt traditional production systems.

Manufacturing 
The most consistent beneficiary of frontier technologies. Digital automation, industrial clustering, and smart 
logistics generate scale economies and sustained efficiency gains, underpinning industrial diversification 
and structural transformation.

Services 
Rapid and significant benefits arise from digitalization in telecommunications, fintech, logistics, and 
e-commerce. Innovation occurs mainly through technology diffusion, adaptation, and new business models 
rather than formal R&D.

Translating readiness into industrial outcomes

Sector Policy Priorities

Agriculture
Expand irrigation, mechanization, and agroprocessing; redesign financing 
to channel resources towards farm-level innovation.

Manufacturing
Deepen industrial ecosystems, strengthen vocational and technical 
training, and expand access to technology-enhancing finance.

Services
Pair digitalization with financial inclusion and human-capital 
development, focusing on digital and entrepreneurial skills.

Key complementary enablers:

Skills: Continuous technical and vocational training strengthens absorptive capacity, particularly in 
manufacturing and services.

Finance: Access to affordable credit is the strongest driver of productivity gains in capital-intensive sectors, 
while limited agricultural finance remains a binding constraint.

ICT & infrastructure: Broadband expansion and digital connectivity are prerequisites for technology diffusion, 
especially in rural areas.

R&D & institutions: Industrial R&D produces delayed but positive results; agricultural research systems require 
revitalization. Strong governance enhances technology absorption in agriculture and industry.

Source: ECA 2025.
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In sum, frontier technologies are propelling productivity growth in manufacturing and services, while agriculture 
remains constrained by structural bottlenecks. Achieving inclusive and sustainable structural transformation 
requires sector-specific policies that integrate finance, skills, infrastructure, and innovation systems to unlock 
technology’s full potential across Africa’s economies

POLICY IMPLICATIONS
Over the past three decades, much of Africa’s 
growth has been driven by labour force expansion 
and resource use rather than productivity gains, 
leaving economies vulnerable to external shocks and 
commodity cycles. With a rapidly growing population, 
rising urbanization, and mounting climate and debt 
pressures, the continent cannot rely indefinitely on 
factor accumulation. Closing the productivity gap 
through investments in technology and innovation is 
therefore essential to unlock higher living standards, 
create decent jobs for its youth, and build resilience 
in the face of global disruptions. Strengthening 
skills and industrial capacity, governance, and 
infrastructure could provide the pathway to shift 
African economies from fragile, short-term growth to 
sustainable structural transformation and growth.

This chapter investigated whether frontier 
technologies and innovation have had a 
measurable impact on productivity and growth in 
African economies. The empirical results show 
that improvements in technological readiness 
and innovation, measured through the Frontier 
Technology Readiness Index (FTRI), do not generate 
immediate productivity gains in productivity and 
thus growth. Instead, they require a gestation period 
before producing significant and sustained results. 
From the second year onwards, the productivity 
effects of technology adoption become positive, 
peaking around year 3 and year 4, before stabilizing 
at a higher level in year 5. This trajectory highlights 
two important insights. First, policies that strengthen 
technological capacity should not be expected to 
yield instant results but should be sustained over the 
medium term to capture their full benefits. Second, 
the pattern confirms that technology and innovation 
adoption in Africa is a gradual process, requiring time 
for firms, workers, and institutions to adapt before 
productivity gains materialize.

Disaggregated findings deepen these insights. 
Industry activity—including high-tech manufacturing, 
ICT, and digital services—emerge as the most 
consistent drivers of productivity and growth. Skill 
development follows a U-shaped trajectory: initially 
negative due to adjustment costs in training and 
reallocation, but strongly positive in the medium term, 
confirming that human capital is an indispensable 
long-run enabler of technology and innovation 
utilization. ICT deployment provides short-term 
boosts, but its benefits plateau unless combined with 
industrial and skill development. By contrast, R&D 
and access to finance remain weak or inconsistent 
contributors, reflecting chronic underinvestment in 
research and the absence of financial mechanisms 
that effectively direct resources to productive, 
technology-intensive activities, extend investment 
horizons, and support firm-level absorption—
conditions essential for finance to translate into 
sustained growth.

The analysis also highlights that traditional growth 
drivers such as trade openness and foreign direct 
investment (FDI) have limited direct effects on 
productivity in Africa. While trade integration and 
capital inflows contribute to growth at the aggregate 
level, they do not automatically enhance efficiency or 
innovation capacity unless accompanied by policies 
that strengthen absorptive capacity, governance, and 
infrastructure. Similarly, the negative or insignificant 
results for human development indicators suggest 
that the quality and alignment of education and 
health outcomes matter more than quantitative 
improvements alone. In the long term, however, 
institutional quality becomes a significant enabler, 
reinforcing the need for governance reforms that can 
sustain innovation ecosystems.

Agriculture continues to account for a substantial 
share of employment and value added in many African 
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economies, yet its productivity remains volatile 
and, in some cases, negative. The sector struggles 
to convert frontier technologies and innovation 
into consistent productivity gains. Although ICT 
deployment and trade openness offer some benefits, 
they are undermined by structural vulnerabilities such 
as climate shocks, credit constraints, and weak R&D 
capacity. Value-added growth in agriculture has thus 
come more from expanding labour input than from 
efficiency improvements. This highlights the pressing 
need to strengthen agricultural innovation systems, 
and channel finance to productivity-enhancing 
technologies such as climate-smart agriculture.

Manufacturing emerges as the strongest and most 
consistent beneficiary of technological readiness. 
TFP in the sector rises steadily with technology 
adoption, indicating robust productivity payoffs. Value 
added in manufacturing also expands significantly as 
frontier technologies and innovation are integrated, 
underlining its potential as a central engine of 
Africa’s structural transformation. ICT adoption, skill 
development, and access to finance are particularly 
strong drivers here. However, the negative association 
of some FDI flows with productivity suggests a 
risk of enclave-type industrialization, where foreign 
investment is concentrated in narrow, low-linkage 
activities. Policies must thus focus on maximizing 
spillovers and building stronger domestic–foreign 
linkages.

Services also show clear productivity gains from 
technology and innovation measures. ICT deployment 
and access to finance are major enablers, while skills 
become increasingly important as services become 
more knowledge-intensive and digitalized. Value 
added in services has expanded rapidly, especially 
in finance, logistics, and communications, where 
digitalization has transformed business models. Yet 
demographic pressures and uneven human capital 
development constrain the sector’s potential to fully 
leverage frontier technologies.

Overall, these sectoral patterns reveal divergence. 
Manufacturing and services are already translating 
technological readiness into measurable productivity 
and value-added gains. But agriculture remains 
trapped in low-productivity growth. This divergence 
underlines the need for differentiated policy strategies 
that target sector-specific bottlenecks—supporting 
industrial upgrading and digital services on the 

one hand, while building resilience and innovation 
systems for agriculture on the other. It also reflects 
a fundamental value-chain gap across sectors. 
Technological adoption tends to generate stronger 
and more sustained returns where production 
systems are embedded in dense, well-coordinated 
value chains, but remains weak where such linkages 
are fragmented or underdeveloped. 

Recent work by ECA on cross-border agricultural 
value chains illustrates this challenge clearly. For 
example, regional livestock value chains in the 
Horn of Africa and Eastern Africa—linking pastoral 
production systems in Ethiopia, Kenya, Somalia, and 
Uganda—show that productivity gains materialize 
only when technology adoption—such as digital 
animal traceability, veterinary services, and cold-
chain logistics—is accompanied by coordinated 
investments in cross-border transport corridors, 
sanitary and phytosanitary standards, and regional 
market integration.49 Similarly, cross-border rice and 
staple crop value chains in West Africa demonstrate 
that farm-level innovations deliver limited returns in 
the absence of agro-processing capacity, storage 
infrastructure, and harmonised trade and quality 
standards across borders.50 

These dynamics extend beyond agriculture and 
point to a broader structural challenge: Africa’s 
technological readiness is not yet fully aligned with 
its comparative advantage in frontier technology-
intensive global value chains, particularly those linked 
to critical minerals, renewable energy, and green 
industrialisation. The continent holds a dominant 
share of global reserves of cobalt, manganese, 
lithium, bauxite, platinum group metals, and rare 
earth elements—inputs central to batteries, electric 
vehicles, renewable power systems, green hydrogen, 
and digital infrastructure.51 But as with agriculture, 
productivity and income gains remain limited 
where these resources are embedded in extractive, 
weakly integrated value chains characterized by 
low domestic processing, limited technological 
spillovers, and weak linkages to manufacturing and 
modern services.

Technological readiness delivers significantly higher 
productivity returns when African economies upgrade 
within these value chains—moving into mineral 
beneficiation, battery components, renewable-energy 
equipment, green hydrogen, and associated logistics 
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and digital services.52 Where extraction is combined 
with reliable renewable energy, regional power 
pools, efficient transport corridors, and harmonized 
standards, opportunities for value addition, learning-
by-doing, and employment creation expand markedly. 
As in agriculture, technology alone is insufficient 
without dense production networks, coordinated 
infrastructure, and policy-enabled market integration.

Under the African Continental Free Trade Area 
(AfCFTA), these value-chain bottlenecks are 
increasingly being addressed through the AfCFTA 
Guided Trade Initiative and the Action Plan for 
Boosting Intra-African Trade, which prioritize regional 
agro-industrial value chains, logistics upgrading, 
and services that support cross-border production 
networks. Strengthening such regional value 
chains—by deepening agroprocessing, harmonizing 
standards, upgrading transport and digital trade 
infrastructure, and expanding trade-facilitating 
services—will thus be critical for transmitting frontier 
technologies into broad-based productivity gains, 

employment creation, and structural transformation 
across African economies. 

The AfCFTA also provides a platform to operationalize 
upgrading in mineral- and energy-based value chains, 
by enabling the development of regional industrial 
clusters around critical minerals and clean energy 
linked through cross-border transport, energy, and 
digital infrastructure. Strategic use of rules of origin, 
regional standards, and investment facilitation 
can further incentivize local processing, supplier 
development, and skill formation, allowing African 
firms to internalize larger segments of green and 
digital value chains.53

In this sense, Africa’s static comparative advantage 
in natural endowments can be transformed into a 
dynamic comparative advantage—anchored not in 
resource extraction alone, but in technology-enabled, 
regionally integrated production systems that 
support sustained productivity growth and long-term 
structural transformation.

Box 2.2 From more finance to better, targeted, and sequenced finance within financial resource constraints

Expanding access to finance 
alone is insufficient to generate 
sustained productivity and growth 
gains. While financial deepening 
can support short-term economic 
activity, its effects weaken over 
time when financial resources 
are not effectively channelled to 
productive, technology-enhancing 
investments. 

As discussed in chapter 1, African 
economies operate under tight 
fiscal and debt constraints, which 
limit the scope for large-scale 
public financing and increase 
reliance on domestic financial 
systems to fund government 
borrowing. In this context, financial 
resources are often absorbed by 
public financing needs or short-
term, low-productivity activities, 

while innovative firms and 
technology-intensive sectors face 
persistent financing gaps. Limited 
firm capabilities and weak linkages 
between finance and industry 
further reduce the productivity 
impact of finance. 

The policy priority is therefore not 
to expand finance indiscriminately, 
but to improve its quality, 
allocation and its sequencing 
within existing fiscal constraints. 
This requires: 

• Directing financial resources 
to productive and technology-
intensive activities. 

• Extending investment horizons 
through long-term and risk-sharing 
instruments.

• Strengthening firm-level 
capabilities to translate finance 
into productivity gains. 

• Managing public borrowing in 
ways that minimize crowding out 
of private productive investment. 

Without these reforms, additional 
finance risks reinforcing low-
productivity growth. But when 
aligned with fiscal discipline 
and structural transformation 
strategies, finance can support 
technology adoption, productivity 
growth, and sustainable 
development.

Source: ECA 2026.
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ANNEX 2.1 VARIABLES, DATA, AND SOURCES
Variable name Measurement Data source

Capital stock Constructed via perpetual-inventory method (PIM):  
δ

 with δ  baseline

Authors’ computation 
based on World Bank World 
Development Indicators 
(WDI)

Labour Total employment headcount ILOSTAT

Dependent variable

Total factor productivity 
(TFP)

Residual of a Cobb–Douglas production function 
with capital and labour inputs (country and year FE); 
alternatively, Solow residual with capital share parameter, 
α

Authors’ computation using 
capital (WDI), labour (ILO), 
and output (WDI) data

GDP per capita GDP per capita, constant 2015 US$ World Bank World 
Development Indicators 
(WDI)

Independent variable

Frontier technology 
readiness index (FTRI)

Composite index of technology adoption and innovation 
readiness

UNCTAD

Control variables

Human Development 
Index (HDI)

Composite index of life expectancy, education, and 
income

UNDP Human Development 
Reports

Foreign direct 
investment (FDI)

Net inflows of foreign direct investment, % of GDP World Bank World 
Development Indicators 
(WDI)

Trade openness Sum of exports and imports as a percentage of GDP World Bank World 
Development Indicators 
(WDI)

Dependency ratio Ratio of children (0–14) and elderly (65+) to working-age 
population (15–64)

Authors’ computation based 
on ILO population data

Precipitation Annual average precipitation (mm) Our World in Data (OWID), 
Copernicus Climate Change 
Service

Institutional quality 
index

First principal component from six Worldwide Governance 
Indicators (Control of Corruption, Government 
Effectiveness, Rule of Law, Voice and Accountability, 
Political Stability, Regulatory Quality)

Authors’ computation using 
World Bank Worldwide 
Governance Indicators (WGI)

Access to electricity Percentage of population with access to electricity World Bank World 
Development Indicators 
(WDI)

ICT goods imports ICT goods imports as a percentage of total goods 
imports

World Bank World 
Development Indicators 
(WDI)

Internet access Percentage of individuals using the internet World Bank World 
Development Indicators 
(WDI)
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ANNEX 2.2 EMPIRICAL STRATEGY
To examine how frontier technologies and innovation affect total factor productivity (TFP), the analysis adopts 
the Local Projection (LP) approach of Jordà (2005), which traces the dynamic response of productivity to 
changes in technological readiness over time. LPs are well suited to the African context, where technology 
adoption is gradual, heterogeneous across countries, and characterized by delayed effects rather than discrete 
policy shocks. Unlike VAR-based methods, LPs do not impose restrictive assumptions on dynamic structure, 
allowing greater flexibility in capturing medium-term productivity dynamics. This framework is now widely 
used in applied macroeconomic analysis.54

In this setting, frontier-technology readiness is treated as a continuous and cumulative process, reflecting 
sustained investments in skills, infrastructure, and innovation systems rather than one-off interventions. 
As LPs are a dynamic estimation technique rather than a causal identification strategy per se, the resulting 
impulse responses are interpreted as conditional dynamic relationships between technology readiness and 
productivity, given observed controls, fixed effects, and lagged productivity dynamics. In particular, a one-
standard-deviation change in the Frontier Technology Readiness Index (FTRI) should be understood as a shift 
in underlying readiness conditions driven by incremental policy and investment adjustments, not as a discrete 
policy shock.

To examine the impact of technology and innovation on productivity, the dependent variable is 
defined as the change in the logarithm of TFP for each country over a five-year horizon, calculated as  

. 

The key explanatory variables encompass FTRI and its components which include ICT deployment, labour skills, 
R&D capacity, industrial development, and financial depth, to a greater extent capturing both technological and 
innovative developments among countries.55 To account for persistence in productivity dynamics, the first two 
lags of TFP are included. In addition, the model controls for FDI, human development, trade openness, the 
dependency ratio, total precipitation, and institutional quality. The baseline LP model is therefore specified as:

 

α γ ϕ β δ ε

In this specification, α  denotes country fixed effects, capturing time-invariant heterogeneity across 
countries, while γ  represents time fixed effects, accounting for global or regional shocks common to all 
economies in a given period. The key parameter of interest β , measures the dynamic effect of frontier 
technologies and innovation on TFP at horizon , while δ   captures those of the control variables. The error 
term ε  is specified to be robust to heteroskedasticity, autocorrelation, and cross-sectional dependence. 

Estimating the model sequentially across horizons allows the analysis to trace medium-term productivity 
responses to changes in technology readiness.

Because the FTRI is a slow-moving composite index, a “one-standard-deviation change” should not be 
interpreted as a discrete policy shock. Instead, it is best understood as a shift in readiness conditions reflecting 
cumulative policy and investment adjustments (e.g., incremental improvements in ICT deployment, skills, 
industrial activity), after conditioning on observed covariates, country fixed effects, and common time shocks.

A central empirical challenge is that frontier-technology readiness is not exogenous. Adoption and readiness 
evolve jointly with economic performance and institutional capacity, giving rise to several identification risks: 
(i) dynamic panel bias due to persistent productivity; (ii) reverse causality, whereby higher productivity enables 
greater investment in technology and skills; (iii) anticipation effects, as governments may scale up readiness in 
expectation of future growth; and (iv) cross-sectional dependence driven by common global shocks. Ignoring 
these issues would weaken inference.
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Of these concerns, reverse causality and dynamic panel bias are explicitly addressed by implementing Local 
Projections combined with System GMM (LP–SGMM). In this specification, both lagged productivity and 
frontier-technology readiness are treated as endogenous and instrumented using restricted, collapsed internal 
lags, while controlling for country fixed effects and common time shocks. LP–SGMM therefore allows us to 
assess whether the estimated dynamic productivity responses remain robust once feedback effects from 
productivity to technology readiness are taken into account. Given the relatively small cross-section, LP–
SGMM is used conservatively as a robustness and sensitivity check, rather than as the sole basis for causal 
claims.

LP–SGMM implementation details 

Given the relatively small cross-section (around 47 countries), LP–SGMM is implemented conservatively and 
treated as a robustness and sensitivity check rather than the primary basis for causal claims. Instrument 
proliferation is limited through the use of collapsed instrument matrices and restricted lag windows, fully 
documented and consistent with the replication code. Specifically, lagged TFP is instrumented using GMM-
style lags starting at t–2, while the FTRI is instrumented using only short lag ranges (t–2 to t–3). Control 
variables enter as standard IV-style regressors alongside time dummies. 

Standard diagnostic tests (instrument count, Hansen test, and AR(2) test) are reported. While the Hansen 
test does not reject the null of instrument validity, its power may be limited in small samples with instrument 
counts close to the number of groups. Accordingly, the LP–SGMM results are interpreted with caution and 
used to assess whether the estimated dynamic responses are sensitive to correcting for reverse causality and 
persistence, rather than as definitive causal estimates.

To further assess robustness under alternative identifying assumptions, the analysis complements LP–SGMM 
with two additional estimators. Local Projections with fixed effects and Driscoll–Kraay standard errors (LP–
FE–DK) provide baseline dynamic associations that are robust to serial correlation, heteroskedasticity, and 
cross-sectional dependence, but do not resolve reverse causality. Local Projections combined with entropy 
balancing for continuous treatments (LP–EBCT) reduce bias from non-random selection into technology 
adoption by ensuring comparability across countries on observable characteristics. 

Overall, the triangulation across LP–FE–DK, LP–EBCT, and LP–SGMM provides a transparent and robust 
framework for inference. The consistency of results across estimators—despite their different identifying 
assumptions—supports the conclusion that frontier-technology readiness is systematically associated with 
medium-term productivity dynamics in Africa. At the same time, the analysis remains explicit about its limits: 
the estimated impulse responses should be interpreted as conditional dynamic relationships, not as policy-
invariant causal parameters.

Data

The data used combine multiple international sources spanning up to 54 African countries covering more than 
five decades (1970–2024). For the purposes of this empirical specification, a reduced sample of 47 countries 
covering the period 1992–2024, after removing pre-1992 observations were used56 This restriction is driven 
by data availability for key variables to satisfy the requirements of panel estimation. Moreover, because the 
Frontier Technology Readiness Index (FTRI) is available only from 2013–2024, the final dataset takes the form 
of an unbalanced panel, combining longer-run macroeconomic and structural indicators with more recent 
measures of technological capability. The derivation of total factor productivity (TFP) relies on measures 
of capital and labour, based on Solow’s growth accounting framework.57 Capital stock is constructed using 
a Penn World Table-based perpetual-inventory method (PIM), updated through 2023 using gross capital 
formation series from the World Development Indicators.58 The Penn World Table methodology was extended 
beyond 2019 through in-house computations. Labour input is measured as employment headcounts from ILO 
modelled estimates,59 which provide long time series across African economies is extended.60
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The key proxy for innovation and technology adoption is the Frontier Technology Readiness (FTR) Index, 
developed by UNCTAD.61 The index aggregates five interconnected dimensions of technology and innovation 
related variables: ICT deployment, R&D investment, skills capacity, access to finance, and industrial activity. 
The choice of the FTRI is justified on both conceptual and empirical grounds. Conceptually, it reflects the 
inherently multidimensional character of technological readiness and innovation capacity.62 Empirically, it 
provides a harmonized, cross-country measure that is standardized, comparable, and policy-relevant, thereby 
enabling systematic evaluation of readiness levels across countries and over time,63 providing a good basis 
for assessing the impact of technology and innovation on African economies.

The selection of dependent and independent variables therefore reflects a deliberate effort to operationalize 
the pathways through which innovation and technology adoption contribute to economic growth. The analysis 
also incorporates a set of macroeconomic control variables, selected on the basis of both theoretical 
considerations and empirical evidence from the innovation–growth literature. These covariates are drawn 
from the World Bank’s World Development Indicators including FDI inflows, gross capital formation, trade 
openness (trade in goods and services as a share of GDP), real GDP.64 The Human Development Index (HDI) 
is obtained from the UNDP Human Development Reports,65 while climatic data on precipitation are taken 
from Our World in Data, based on the Copernicus Climate Change Service.66 This is relevant since most of the 
African economies are agriculture dependent, having an impact on agricultural productivity and growth. The 
dependency ratio is constructed by the authors following UN methodology, using population and employment 
data from ILO. The rationale here is that a large non-working share of the population could be a demographic 
burden which could negatively affect productivity growth. Institutional quality is proxied by a composite index 
derived through principal component analysis of the six Worldwide Governance Indicators, with the first 
principal component explaining approximately 80 per cent of the variance across governance dimensions.67

Variable construction

The dependent variable , is defined as the Solow residual using the fixed-effects approach. In our 
estimates, the capital share parameter is derived from the data, yielding . Lags and leads of this 
measure are generated for the local projection framework.

Key explanatory variables include the Frontier Technology Readiness Index and its components, which capture 
technological and innovation related activities in African countries including ICT deployment (infrastructure 
availability and quality), skills (education and labour-market capabilities), R&D activities (publications and 
patents in 17 frontier technology areas), industry activity (high-tech manufacturing, ICT, and digital services), 
and access to finance (domestic credit to the private sector). Control variables consist of the composite 
institutional quality index, foreign direct investment (FDI) inflows, HDI, trade openness, dependency ratio, and 
precipitation. Additional covariates used in the entropy balancing step include real GDP per capita, access to 
electricity, access to internet and ICT goods imports.

Sample selection

The working panel consists of 47 countries observed over 32 years (1992–2023), with a maximum of about 
1,177 observations. The estimation samples range between 400 and 650 observations, depending on the 
specific lag and lead structures. The panel is unbalanced, reflecting missing data for selected countries and 
variables. To account for zero and negative values, an inverse hyperbolic sine (asinh) transformation to FDI and 
inflation is applied. Variables strictly positive by construction (HDI, trade, dependency ratio, precipitation) are 
transformed using natural logarithms. Missing data points are excluded listwise, and estimation samples are 
constructed accordingly. The minimum sample size across specifications remains above 400 observations, 
ensuring adequate coverage. 
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ANNEX 2.3 IMPACT OF TECHNOLOGY  
AND INNOVATION (FTRI) ON TFP USING  
LP-SGMM

Frontier Technology 
Readiness Index -0.025 0.115* 0.275** 0.338*** 0.339*** 0.262***

(0.070) (0.063) (0.111) (0.106) (0.085) (0.094)

L.Total factor productivity 1.158*** 1.050*** 1.288*** 0.999*** 1.145*** 1.168***

(0.100) (0.146) (0.319) (0.316) (0.269) (0.296)

L2.Total factor productivity -0.038 -0.079 -0.267 0.033 -0.182 -0.315

(0.157) (0.143) (0.404) (0.441) (0.324) (0.315)

L.FDI ratio to GDP -0.001 -0.000 -0.000 -0.001 -0.001 -0.002

(0.001) (0.001) (0.001) (0.001) (0.001) (0.002)
L.Human Development Index, 
log

-0.053** -0.139** -0.207** -0.276** -0.324* -0.356**

(0.023) (0.057) (0.096) (0.129) (0.165) (0.172)

L.Trade ratio of GDP 0.000 -0.000 -0.000 -0.000 -0.000 -0.000

(0.000) (0.000) (0.000) (0.001) (0.001) (0.001)

L.Dependency ratio -0.000 -0.000 -0.000 -0.000 -0.001 -0.001

(0.000) (0.001) (0.001) (0.002) (0.002) (0.002)

L.Total precipitation, log 0.002 0.006 0.006 0.005 0.000 -0.001

(0.004) (0.009) (0.009) (0.011) (0.012) (0.014)

I. Institutional quality index 0.002 0.006 0.002 0.005 0.008 0.019*

 (0.003) (0.005) (0.006) (0.008) (0.009) (0.011)

N 618 572 525 479 434 389

Groups 47 47 47 46 46 46

Number of instruments 43 41 39 37 35 33

Hansen p 0.551 0.517 0.279 0.300 0.244 0.215

AR(2) p 0.298 0.018 0.155 0.329 0.459 0.598

Note: *** p<0.01, ** p<0.05, * p<0.1
Source: Results of the empirical study, authors, 2025.
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ANNEX 2.4 IMPACT OF TECHNOLOGY 
AND INNOVATION (FTRI) ON PER CAPITA 
GROWTH USING LP-SGMM

Year (0) Year (1) Year (2) Year (3) Year (4) Year (5)
Frontier Technology Readiness 
Index

0.013 -0.165 -0.013 0.097 0.111 0.301**

(0.082) (0.141) (0.149) (0.141) (0.112) (0.093)

L.GDP per capita, log 1.277*** 1.133*** 1.082*** 0.946*** 0.842*** 0.638***

(0.109) (0.119) (0.140) (0.119) (0.148) (0.122)

L2.GDP per capita, log -0.379*** -0.328** -0.319* -0.318** -0.367*** -0.263***

(0.108) (0.138) (0.146) (0.111) (0.096) (0.058)

L.FDI ratio to GDP -0.001* -0.001** -0.001 -0.001 -0.001 -0.002**

(0.001) (0.000) (0.001) (0.001) (0.001) (0.001)
L.Human Development Index, 
log

-0.170 -0.495*** -0.926*** -0.948*** -1.030*** -1.479***

(0.113) (0.135) (0.113) (0.122) (0.197) (0.134)

L.Trade ratio of GDP 0.001* 0.001*** 0.001*** 0.002*** 0.002*** 0.002***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

L.Dependency ratio -0.005*** -0.008*** -0.008*** -0.009*** -0.011*** -0.008***

(0.001) (0.001) (0.002) (0.001) (0.001) (0.001)

L.Total precipitation, log -0.017 -0.001 -0.003 0.013 0.009 -0.007

(0.025) (0.019) (0.017) (0.010) (0.010) (0.010)

I. Institutional quality index 0.017*** 0.035*** 0.043*** 0.054*** 0.068*** 0.082***

 (0.005) (0.005) (0.009) (0.011) (0.012) (0.010)

N 429 429 429 414 386 355

Groups 41 41 41 41 41 41

R-squared 0.939 0.874 0.830 0.799 0.768 0.780

Note: *** p<0.01, ** p<0.05, * p<0.1
Source: Results of the empirical study, authors, 2025.
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ENDNOTES
1	  Scherer 2002.

2	  Nelson and Winter 1982; Dosi 1988; Romer 1990.

3	  Schumpeter 1942; OECD/Eurostat 2018.

4	  The FTRI measures a country’s ability to adopt, adapt, 
and use frontier technologies. It draws on indicators 
of ICT penetration, R&D investment, skills, access to 
finance, and industry activity, with weights derived from 
Principal Component Analysis. The index captures 
three key dimensions of technological transition: Use/
Readiness (infrastructure, knowledge, and basic skills 
that enable innovation), Adoption (the active application 
of emerging technologies such as AI in production 
and services), and Adaptation (the capacity to modify 
technologies for local needs). The index ranges from 
0 (lowest readiness) to 1 (highest readiness) and is 
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CHAPTER 3 FRONTIER 
TECHNOLOGIES FOR AFRICA’S 
ECONOMIC TRANSFORMATION

The development and application of frontier technologies have the potential to accelerate the 
continent’s economic transformation. No single definition of frontier technologies is globally 
agreed. They generally refer to cutting-edge, transformative, rapidly growing, and evolving 
technologies at the interface of major scientific breakthroughs and real-world applications.1 
These attributes distinguish them from other new or mature technologies. Given their broad 
scope, the chapter focuses on those emerging as strategic for structural transformation  
in Africa:

Digital technologies such as artificial intelligence (AI), the Internet of Things (IoT), blockchain, cloud 
computing, and supercomputing.

•	 Biological technologies such as gene editing, bioprinting, brain–computer interfaces, and synthetic 
biology.

•	 Physical technologies such as nanotechnology, advanced materials, 3D printing, robotics, autonomous 
vehicles, and other advanced hardware.

•	 Energy technologies such as solar energy generation and storage, hydrogen production and distribution, 
and wind and tidal power technologies.

•	 Advanced frontier technologies such as quantum science and nanotechnology.
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Frontier technologies are interconnected, interdependent, and mutually reinforcing—advances in one area 
often accelerate progress in others.2 For example, current investments in AI are driving the development of 
advanced materials and chips, data centres, and supporting infrastructure, which in turn drives progress in 
biotechnology, nanotechnology, materials science, and next-generation energy systems. Similarly, advances 
in biotechnology are also accelerating progress in other fields by generating large biological datasets for AI 
training, enabling new materials and sensors for robotics, and providing nanoscale design templates for self-
assembling.

The African Union’s Digital Transformation Strategy is the framework used here to analyse selected examples 
of frontier technologies applied in Africa (figure 3.1). The strategy promotes Africa’s economic transformation 
through diversification, increased job opportunities, improved productivity, and resilience to achieve inclusive 
and sustainable growth across the continent.3 

Figure 3.1 Analytical framework of the African Union’s Digital Transformation Strategy
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Figure 3.1 Analytical framework of the African Union’s 
Digital Transformation Strategy

Source: ECA staff.

The framework identifies three principal drivers of Africa’s economic transformation. First, innovation in key 
strategic sectors—such as agriculture, health, education, finance, energy, transportation, and manufacturing—
is deemed a catalyst for increased productivity and improved service delivery.4 Second, data use underpins 
evidence-based governance, informed policy and strategy development, business intelligence, and active 
citizen engagement across different sectors. Third, the widespread adoption of frontier technologies, including 
AI, blockchain, IoT, and robotics, accelerates operational efficiency, strengthens connectivity, and enhances 
system transparency and data transaction flow traceability.5 

The framework also presents three interconnected enablers that support these drivers. First, well-developed 
digital ecosystems—including advanced digital infrastructure, inclusive access, research and development, 
and digital skills—are crucial for fostering sustainable innovation. Second, entrepreneurship and innovation 
startups, especially those in innovation hubs, translate data and frontier technologies into effective solutions 
tailored for local problems. Third, establishing a conducive policy and regulatory framework that encompasses 
data protection, technology standards, intellectual property rights, cybersecurity, and digital trade regulations 
lays the legal foundation necessary for advancing the innovation landscape.6 
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Box 3.1 Phases of technology diffusion 

Technology adoption unfolds through a multiphase process, with each phase presenting distinct challenges 
and opportunities and requiring targeted interventions and specific actions:

Phase 1: Awareness and mobilization

This phase seeks to raise awareness of technological opportunities and risks, secure high-level political 
and institutional buy-in and support, and engage early adopters (research institutions, tech firms, wealthier 
individuals). 

Phase 2: Strategy and infrastructure development

This phase focuses on developing national technology strategies and roadmaps; establishing legal, regulatory 
and governance frameworks; investing in foundational infrastructure and human capital; and creating innovation 
zones and centres of excellence. 

Phase 3: Pilot implementation 

This phase is characterized by several launches of pilot projects and practical cases. Governments may seek 
to provide support for startup ecosystems and early-stage investment. They may also promote inter-sectoral 
collaboration and launch capacity-building initiatives for public and private sector actors. The phase generally 
demands more resources than it contributes to the economy.

Phase 4: Scaling up and market consolidation 

This phase focuses on scaling up successful pilot cases for wider uptake and integration in public and private 
sector production processes and service delivery. Efforts may include facilitating industrywide adoption and 
standard-setting, supporting new business models, facilitating mergers, partnerships, and acquisitions; and 
expanding access and reducing costs of use. Capacity building, skill development and innovative finance are 
also critical enablers throughout the technology diffusion process. The economic and social benefits of the 
technology become measurable at this stage.

Phase 5: Full societal integration

In this phase, the technology becomes embedded in public administration, economic activities, social systems, 
and the daily lives of citizens. Governments may promote continuous innovations that bring new applications 
and uses across all sectors and enhance technology governance within broader policy frameworks. Equally 
important is ensuring equity—so that all segments of society regardless of income, location, gender, or ability 
can benefit from technological advancements—and building resilience into systems through robust mechanisms 
to sustain technological solutions.
Source: Sahin 2006.
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DIGITAL TECHNOLOGIES
The digital technologies most relevant to Africa’s economy are identified based on their maturity, scalability, 
and alignment with pressing development needs. For instance, AI, IoT, blockchain, and energy technologies 
are essential for socioeconomic inclusion due to their cross-sectoral impact and foundational role in enabling 
broader digital transformation.

ARTIFICIAL INTELLIGENCE 

Artificial intelligence (AI) presents opportunities to drive 
transformative change across multiple sectors, including 
healthcare, education, agriculture, finance, and public 
administration. To capitalize on these opportunities, the 
African Union (AU) developed the Continental Artificial 
Intelligence Strategy in 2024, with an Africa-centric, 
development-oriented, and inclusive approach to harness 
the benefits of AI in driving the continent’s socioeconomic 
transformation.7 

Generative AI (GenAI) is becoming essential for business operations, with 72 per cent of executives in South 
Africa, Nigeria, and Morocco ranking AI and GenAI as a top strategic priority for 2025. Since 2019, the number 
of AI startups in Africa increased by more than 70 per cent.8 By 2024, there were more than 2,400 AI companies 
on the continent, with 40 per cent established after 2017 and the number of AI professionals rising by  
40 per cent.9 These initiatives could boost the continent’s economic growth by up to $1.2 trillion, contributing 
5.6 per cent to the continent’s GDP by 2030.10 But this projected contribution is lower than that of other regions 
across the globe due to much lower rates of adoption of AI technologies (figure 3.2). 

Figure 3.2 Projected gains from AI adoption by 2030

Source: PwC 2017.
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Figure 3.2 Projected gains from AI adoption by 2030

AI  initiatives could boost the 
continent’s economic growth by 
up to $1.2 trillion, contributing 
5.6 per cent to the continent’s 
GDP by 2030.
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Asia is the leading region, with a projected contribution 
of $7.9 trillion (18.3 per cent) to GDP, followed by North 
America with $3.7 trillion (14.5 per cent), and Europe 
with $2.5 trillion (10.3 per cent). North America and 
Asia are expected to have the largest economic gains, 
accounting for 70 per cent of the global economic impact 
from AI adoption by 2030.11 Between 2020 and 2030, 
the market size of AI technologies is expected to grow 
rapidly (figure 3.3). These projections signal that Africa 
is most likely to see the biggest near-term opportunities 
for productivity and new businesses, particularly using 
machine learning to improve credit scoring and fraud 
detection in finance, optimize supply chains in agriculture, 
forecast demand in retail, and strengthen public services.

Figure 3.3 Market size of AI technologies in Africa, 2020–2030

Source: ITedge 2024.

Natural language processing expands access through African languages in chatbots, translation, and voice 
services. There is a strong push for multilingual AI tools tailored to African languages, with more than  
60 per cent of people preferring content in their native languages. Several companies are therefore developing 
smaller, efficient AI models and cloud infrastructure to support this trend, aiming for a “universal translator” 
for digital interaction. Among more than 2,000 languages spoken across Africa, only 42 (fewer than 2 per cent) 
are currently supported by some AI models, and fewer than 5 per cent have the datasets or toolkits that make 
them usable.12

To unlock the full potential of AI for Africa’s development, policymakers should focus on expanding  
AI education and training, supporting the development of multilingual AI tools to increase digital inclusion, 
and establishing ethical AI regulations tailored to Africa’s needs. These actions will help build local expertise, 
ensure accessibility for all language groups, and promote responsible innovation. 

The sectors with the highest potential for productivity gains are retail trade, telecommunications, consumer 
packaged goods, mining and heavy industry, and banking and financial services (figure 3.4). They share three 
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Between 2020 and 2030, the 
market size of AI technologies 
is expected to grow rapidly. 
These projections signal 
that Africa is most likely to 
see the biggest near-term 
opportunities for productivity 
and new businesses.
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traits: massive data flows, complex operations, and 
high costs from inefficiency or risk. AI in consumer 
goods can optimize demand forecasting, pricing, 
logistics, and customer engagement—and that in 
telecoms from automating network management 

and service delivery. Banking and financial services 
benefit from AI-driven risk assessment, fraud 
detection, and automation of back-office processes, 
where even small percentage improvements translate 
into substantial productivity and profit gains.

Source: McKinsey & Company 2025.

Healthcare has the highest share of AI startups in Africa, at 24 per cent, followed by finance (20 per cent), 
agriculture (19 per cent), education (18 per cent), and manufacturing and marketing (11 per cent) (figure 3.5). 
Healthcare also tops the list of AI research at 28 per cent, followed by agriculture (24 per cent), education  
(21 per cent), and finance and manufacturing (12 per cent). 
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Figure 3.5 AI startups and research in Africa, 2024
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Figure 3.5 AI startups and research in Africa, 2024

AI adoption and innovation are thus closely aligned 
with Africa’s most pressing development needs. 
The concentration of AI startups and research in 
healthcare, finance, agriculture, and education shows 
that businesses and researchers are prioritizing 
sectors where AI can address gaps in access to 
medical services, financial inclusion, food security, 
and skill development, while also offering strong 
commercial potential. This pattern suggests that AI 
in Africa is not just technology-driven—it is problem-
driven, with innovation focused on practical, high-
impact use. It also indicates where future productivity 
gains and scalable solutions are most likely to 
emerge.

INTERNET OF THINGS

The internet of things (IoT) market on the continent, 
valued at $7 billion in 2024, is projected to reach $20 
billion by 2031.13 Several advances in IoT applications, 
including licensed cellular IoT connections and 
smartphone penetration, are contributing to the rapid 
growth of Africa's IoT market (table 3.1). From 2023 
to 2030, the licensed cellular IoT connections in Sub-
Saharan Africa are projected to double from 27 million 
to 51 million, and the number of internet users from 
320 million to 527 million.14 During the same period, 
the economic impact of mobile is projected to triple 
from $20 billion to $62 billion, and operators’ revenue 
expected to grow from $38 billion to $61 billion. 

Source: Madu et al. 2024.
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Table 3.1 The status of IoT development indicators in Africa in 2024

Africa
Arab 

States
Asia 

Pacific
Europe CIS Americas World

Active mobile-broadband subscriptions  
(per 100 people) 

51.5 85.2 96.8 112 108 125 94.6

Fixed-telephone subscriptions (per 100 people) 0.6 9.1 8.3 28.5 14.1 16.7 10.3

Mobile-cellular subscriptions (per 100 people) 97.5 104 112 125 147 114 112

Fixed-broadband subscriptions (per 100 people) 0.9 12.5 20.8 37.2 25.3 26.6 19.6

Population coverage - at least 2G (%) 93.8 97.4 98.9 99.8 99.1 96.9 97.9

Population coverage - at least 3G (%) 85.9 94.9 97.6 99.4 97.6 95.7 95.6

Population coverage - at least 4G (%) 70.9 86.9 96.2 99.3 94.3 93.7 91.8

Population coverage - at least 5G (%) 11 12.7 62.3 72.3 12 63.4 51.2

Source: ECA elaboration based on ITU (2024).

Africa’s IoT market is growing, but it still lags 
other regions due to low broadband penetration. 
Challenges like power unreliability make it harder to 
deploy sensors, real-time monitoring, and large-scale 
device fleets. Many high-value IoT uses—precision 
agriculture, cold-chain logistics, remote patient 
monitoring, smart metering—either don’t scale, 
become too costly to operate, or remain confined 
to pilot projects. To close the gap, governments and 
regulators need to prioritize expanding affordable 
broadband—fibre backbones and 4G/5G where viable, 
plus community networks and satellite. They can 
also target incentive grants, tax relief, procurement 
programs, and regulatory sandboxes to help IoT 
startups move from pilots to deployment. And they 
can strengthen regional collaboration for spectrum 
management.

BLOCKCHAIN 

Blockchain technology is being applied to a range of 
practical uses, providing access to capital for startups, 
supporting energy infrastructure, and improving 
market price transparency. In various sectors around 
the world, it is improving transparency, efficiency, 
and security. PwC estimated that blockchain could 
contribute up to $1.76 trillion to the global economy.15 

 In 2024, blockchain venture funding represented 
7.4 per cent of all-sector venture funding in Africa 
and accounted for 12.7 per cent of the total deals. 
Globally, blockchain businesses raised $12.1 billion in 
1,309 deals, a 14 per cent increase in funding and a 6 
per cent increase in the number of deals over 2023.16 
The majority of global blockchain venture activities 
were concentrated in North America, with 50 per cent 
of the funding and 40 per cent of the deals.
S
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Figure 3.6 Blockchain funding and deals, 2024
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Figure 3.6 Blockchain funding and deals, 2024

Figure 3.7 Blockchain funding and  
deals by industry, 2024

Source: Coetzee and Stoffberg 2024.

African blockchain ventures raised $122.5 million 
across 30 deals in 2024, a 36 per cent decline 
in capital raised in 2023, as the number of deals 
increased by 15 per cent. Africa's share of annual 
global blockchain venture deals increased from 
2.1 per cent in 2023 to 2.3 in 2024, as its share of 
venture funding fell from 1.8 per cent to 1.0 per 
cent.17 Increasing deals and declining funding 
suggests significant value opportunities in the early-
stage African blockchain ecosystem. Investors in 
Africa’s blockchain industries are showing increasing 
preference for solutions that integrate with regulated 
financial system services for cross-border use, and 
infrastructure for data verification and compliance.18

Blockchain is facilitating crypto payments, 
remittances, and trade opportunities for small and 
medium enterprises (SMEs). And it has the potential 
to significantly improve international trade finance.19 
In industries where traceability is crucial, as in 
agriculture, mining, and food exports, blockchain 
enables producers and consumers to verify the 
origins of goods. With mobile money already well 
established, thanks to platforms like M-Pesa and 
MTN Mobile Money, blockchain is now streamlining 
cross-border payments and remittances. BitPesa 
and Yellow Card are reducing the costs and delays 
typically associated with international transfers. And 

Nigeria, Kenya, and South Africa rank among the top 
users of cryptocurrencies, often turning to digital 
assets as a safeguard against inflation and currency 
instability.20 In Ghana, pilot programs are exploring 
blockchain to enhance the transparency of land 
transactions, aiming to eliminate issues of double-
selling and fraudulent ownership claims. 

The Trade Logistics Information Pipeline, which 
already supports real-time data sharing between 
Kenya and the European Union (EU) across the 
flower value chain, is expanding to pilot projects 
under the Kenya–UK Trade Data Corridor and the 
pharmaceuticals trade between Kenya and India.21 
Its findings are baselining the country’s digital 
trade ecosystem, outlining opportunities, gaps, and 
challenges, and identifying priority areas of action to 
use blockchain for trade facilitation and recommend 
a strategic and operational roadmap. 

Africa's share of annual global 
blockchain venture deals increased 
from 2.1 per cent in 2023 to 2.3 in 
2024, as its share of venture funding 
fell from 1.8 per cent to 1.0 per cent.
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These initiatives demonstrate that blockchain is 
evolving beyond cryptocurrencies to drive digital 
transformation in Africa’s financial services, 
agriculture, transport, energy, and food security. But 
the rapid expansion faces regulatory uncertainty, 
cryptocurrency volatility, illicit activity risks, 
inadequate data protection, and a shortage of skilled 
professionals. Realizing blockchain’s potential 
depends on robust infrastructure, harmonized 
regulations, reliable data, and supportive policies 
that foster collaboration among governments, 
businesses, and communities. 

BIOLOGICAL TECHNOLOGIES
Biological technologies cover advances and the 
development and application of technologies derived 
from living systems, particularly in healthcare, 
agriculture, and industry. The sector is rapidly 
expanding worldwide and in Africa, driven by genetic 
sequencing, personalised medicine, and new 
treatments for chronic and rare diseases. 

BIOLOGICS FOR HEALTHCARE

The global market for biotechnology, estimated at 
about $1.6 trillion in 2023, is expected to reach $3.9 
trillion by 2030, driven largely by genetic sequencing, 
personalized medicine, and demand for treatments 
of chronic and orphan diseases.22 Although data 

on Africa are limited, estimates suggest that the 
African biotechnology sector, valued at $73.4 billion 
in 2022, was projected to reach $138.2 billion by 
2030, at an annual rate of 8.2 per cent.23 Demand 
for biologics, expected to account for about half the 
market, will continue to drive growth, followed by 
agricultural and industrial biotechnologies. In 2023, 
the African biotech sector attracted investment of 
more than $500 million, with numerous startups 
scaling operations to meet national and international 
demand.24 Biopharmacy accounts for about 42 
per cent of the market, followed by bioindustry at  
24 per cent, bioagriculture at 21 per cent, bioservices 
at 7 per cent, and bioinformatics at 6 per cent 
(figure 3.8).25 

These initiatives demonstrate that 
blockchain is evolving beyond 
cryptocurrencies to drive digital 
transformation in Africa’s financial 
services, agriculture, transport, 
energy, and food security.
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Figure 3.8 Global biotechnology market shares by application, 2024
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Recent developments in the biopharmaceutical 
industry, such as gene sequencing technologies, 
particularly the next-generation sequencing (NGS) 
technologies, improve healthcare. For example, 
new gene sequencing technologies have reduced 
the time and cost to completely decode the human 
genome from about $2.7 billion and a decade in 
2001 to about $500–600 in a few hours by 2023.26 
The Middle East and Africa Genome Sequencing 
Market is projected to grow from $8.9 billion in 2025 
to $ 23.4 billion by 2031, at 17 per cent a year—if 
demand for advanced NGS and clinical applications 
continue to expand.27 Since the Covid-19 pandemic, 
the number of African countries with functional NGS 
capacity in public health laboratories grew from 7 in 
2019 to 31 in 2022.28 And by 2024, more than 50 per 
cent of African countries were equipped with an in-
country sequencing capacity.29 

During the Covid-19 pandemic, African public health 
institutions rapidly expanded genomic sequencing 
capacity, shifting the continent from being largely 
dependent on external laboratories to generating 
substantial genomic data locally. Before the 
pandemic, only 7 of Africa’s 55 AU Member States 
had in-country NGS capability; by 2022, 31 countries 
had established such capacity. Africa CDC reports 
that genome sequencing efforts tracked more than 
120,000 SARS-CoV-2 genomes from 53 countries, 
compared with fewer than 5,000 sequences early 
in 2020, reflecting a major uplift in surveillance 
infrastructure.30 

The Kenya Medical Research Institute (KEMRI) in 
Kilifi is a leading example of this transformation. 
Before Covid-19, its genomic lab produced around 
300 sequences annually for research. With pandemic 
demand, the lab scaled up to sequence more than 
8,000 SARS-CoV-2 genomes and increased weekly 
capacity from roughly 24 sequences to nearly 700. 
This enabled real-time surveillance of variants and 
contributed genetic data supporting public health 
responses in Kenya and neighbouring countries.31 

In South Africa, the Network for Genomic Surveillance 
quickly became a continental leader in genomic 
research. Its genomic network sequenced and shared 
more than 44,700 SARS-CoV-2 genomes, helping 
to identify and monitor key variants such as Beta 

and Omicron. These data informed national public 
health measures, vaccine strategy adjustments, and 
contributed to global databases used by researchers 
worldwide.32 

African startups are now adding economic and 
scientific value beyond public health surveillance 
by building foundational genomic and diagnostic 
capabilities. 54gene, a Nigerian genomics research 
company, aimed to build one of Africa’s largest 
biobanks. Through early funding, including more 
than $15 million in Series A funding led by Adjuvant 
Capital, it invested in genomic data collection 
and lab capabilities to support research focused 
on African genetic diversity, noncommunicable 
conditions, and infectious disease genomics.33 
Although the company’s operational trajectory has 
evolved over time, its initial growth demonstrated 
investor confidence in African genomic science 
and catalysed local sequencing capacity, including 
testing infrastructure during Covid-19 while training 
researchers and building local expertise.

Africa’s biotechnology thus has strong growth 
potential but faces challenges. Investing in genome 
sequencing labs and training is key to improving 
disease surveillance, personalised medicine, 
and health emergency preparedness. Supporting 
biotech startups with funding and regulatory 
reform will drive innovation and commercialization. 
Promoting regional collaboration in bioagriculture by 
harmonizing standards and supporting joint research 
will accelerate biotech adoption and boost food 
security. These actions will help Africa reap biotech 
benefits in healthcare, agriculture, and industry, and 
strengthen its global position.

Although data on Africa are limited, 
estimates suggest that the African 
biotechnology sector, valued at 
$73.4 billion in 2022, was projected 
to reach $138.2 billion by 2030, at 
an annual rate of 8.2 per cent.
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PHYSICAL 
TECHNOLOGIES
Transportation accounts for about 20 per cent of 
greenhouse gas emissions, with road transportation 
contributing three-quarters of this share.34 The 
transport sector in Africa relies heavily on roads, which 
accounts for roughly 80 per cent of the modal share. 
So, the transformation of road vehicles is essential to 
achieving zero-carbon targets. E-mobility presents an 
opportunity for technology "leapfrogging" in Africa, 
offering improvements in transport accessibility as 
well as enhancements to both climate and public 
health outcomes.35

Africa’s endowment with critical minerals for batteries, 
such as cobalt, manganese, and lithium, provides 
opportunities for the continent to participate in the 
EV value chain. Globally, 3.5 million more electric 
vehicles were sold in 2023 than in 2022, a 35 per 
cent increase in sales. These trends indicate strong 
growth in electric car markets.36 While the EV market 
in Africa is still in its infancy, it is experiencing rapid 
growth due to government support and incentives. 
Electric car sales on the continent more than doubled 
to reach nearly 11,000 in 2024.37 The EV market in 
Africa is projected to grow annually at 10.6 per cent, 
resulting in a projected market volume of $314 
million by 2029.38 

EVs benefit health and the environment by reducing 
CO2 emissions and provide substantial economic 
benefits by generating employment, enhancing 
energy infrastructure, reducing fuel imports, and 
lowering the cost of fuelling vehicles. Siemens 
research showed that “each EV life will result in 
roughly $12,000 in fuel savings, $3,500 in ratepayer 
benefits, and $7,000 in economic growth.”39 

Africa's readiness for EVs varies, with few countries 
well-positioned for adoption and many others 
lagging. According to the EV Readiness and Impact 
Index, 12 African countries show high readiness for 
EV adoption with enabling policies and infrastructure. 

•	 Emulators like Seychelles, Morocco, Mauritius, 
and South Africa have market conditions 
similar to those of developed countries but face 
financing challenges. 

•	 Innovators like Kenya and Rwanda focus on 
two- and three-wheeler EVs, supported by strong 
fintech sectors. 

•	 Stragglers face multiple challenges, with only 28 
per cent having national EV targets and 76 per 
cent with low motorisation rates. 

In early 2025, fewer than 1,000 electric vehicle 
charging stations were operational across 26 African 
countries, serving an expanding fleet of more than 
400,000 electric vehicles.40 South Africa (~400), 
Egypt (300), Kenya (235), Morocco (120), Tunisia 
(140), and Ethiopia (100) have the highest number 
of charging stations on the continent. Countries 
in other world regions perform better than African 
countries in developing EV infrastructure. In 2023, 
China accounted for 70 per cent of the global public 
charging infrastructure for light-duty vehicles (LDVs). 
By the end of 2023, Europe would have exceeded 
600,000 public EV charging points. The number of 
public LDV chargers in Europe is expected to increase 
to about 2.7 million by 2035. As of 2024, there were 
more than 192,000 publicly accessible charging 
ports in the United States, with roughly 1,000 new 
public chargers installed weekly. 

Eighteen of 26 countries in an ECA survey were 
developing EV strategies and enacting supportive 
policies, indicating growing recognition of EVs 
promoting sustainable transportation. Policies and 
initiatives governing electric vehicles encompass 
a range of measures, including tax incentives, 
reduced import duties, charging infrastructure, and 
support for local manufacturing. But policy maturity 
remains uneven. Some countries have enforceable 
legal mandates (South Africa, Nigeria, Ethiopia), 
while others rely on aspirational roadmaps or pilot 
programs.41 

Africa’s endowment with critical 
minerals for batteries, such as 
cobalt, manganese, and lithium, 
provides opportunities for the 
continent to participate in the EV 
value chain. 
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ENERGY TECHNOLOGIES 
Africa has immense renewable energy 
endowments—60 per cent of global solar energy 
potential,42 1 per cent of its wind resource potential,43 
20 per cent of its geothermal energy potential,44 
and great hydro power potential. Despite the vast 
renewable energy potential and registered progress 
in developing them, challenges persist to scaled 
deployment. 

To meet the 2030 target of 300 GW, renewable 
energy generation must increase from 8 GW to more 
than 32 GW annually. This target may be modest in 
view of the data centres that support the use of AI. 
Renewables are expected to account for 45 per cent 

of Africa's energy capacity by 2035, reshaping the 
continent’s energy sector.45 

In Africa, more than 23 GW of new solar capacity 
projected to be installed by 2028—more than doubling 
current levels (figure 3.9).46 Declining cost is the main 
driver behind this surge, along with the growth of the 
local solar industry. South Africa, Egypt, and Morocco 
lead in solar energy generation capacity increase, but 
18 countries were expected to install at least 100 MW 
of new solar capacity in 2025. Off-grid and mini-grid 
solar solutions electrify rural areas, with the goal of 
powering two-thirds of mini-grid systems by 2040.47 

Ethiopia leads in prioritizing EVs in Africa. In 2024, Ethiopia banned the import of nonelectric private vehicles 
(combustion-powered); the first country in the world to do so. Its automotive industry has several firms 
producing various types of EVs (table 3.2). But the underuse of production capacity is significant, with many 
firms operating at less than 50 per cent of their capacity due to low demand for specific products or to potential 
operational inefficiencies. The production of minibuses and light vehicles is stronger relative to the production 
capacity, but that of buses, three-wheelers,  and light trucks is weak. So, it is important to understand market 
demand, resolve operational bottlenecks, and strengthen marketing initiatives.

Table 3.2 Ethiopia’s EV production and capacity, 2023/24

Types of product Capacity per year Production

Automobiles 1,350 85

Three-wheelers 700 78

Minibus 350 112

Bus 100 20

Four-wheel minicar 100 36

Source: Ethiopia Ministry of Transport and Logistics and Ministry of Industry. 

Africa has immense renewable energy 
endowments—60 per cent of global 
solar energy potential, 1 per cent of its 
wind resource potential, 20 per cent of 
its geothermal energy potential.
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Figure 3.9 Installed renewable energy capacity in Africa, 2024
 

Source: ECA analysis based on IRENA (2025).
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Figure 3.9 Installed renewable energy capacity in Africa, 
2024

Off-grid solar aims to power two-thirds of mini-grid 
systems by 2040, crucial for rural electrification. 
Wind power is expanding regionally, with onshore 
capacity rising from 1 GW in 2015 to nearly 20 GW 
in 2025, led by South Africa, Morocco and Egypt.48 
Starting a project requires a significant investment, 
but has lower lifecycle costs. A typical wind turbine 
costs between $2.6 million and $4 million per MW;49 
Kenya’s Lake Turkana farm, with 365 turbines, cost 
approximately $700 million, facing funding and delay 
challenges, with 16 partners involved.50 

Overall, the cost of renewable energy technologies by 
capacity has declined significantly. However, capital 
requirements to expand generation to meet growing 
energy needs are sizeable. The 2024 assessment 
by IRENA on renewable energy installed costs 
indicate that solar PV requires $691/kW capacity, 
concentrated solar power about $3,677/kW, onshore 
wind estimated at $1,041/kW and offshore wind at 
$2,852/kW.51 Significant expansion of generation 
capacity would therefore require capital outlays. 

Africa faces limited access and higher cost to global 
capital. This imbalance is maximum in Africa which 
accounts for only 2 per cent of global clean energy 
investments, despite possessing disproportionate 
clean energy resource endowments.52 The borrowing 
costs for developing countries reach rates four 
times higher than the United States; with average 

borrowing cost of the United States at 2.8 per cent, 
Asia and Oceania at 5.5 per cent, Latin America and 
the Caribbean at 7.1 per cent, and Africa at 9.8 per 
cent.53 So, while declining costs of renewable energy 
technologies provide opportunity, access and cost of 
capital impede the rate of progress in Africa. Reform 
of the global financial architecture and better access 
to affordable capital remain crucial to accelerate 
progress in Africa.

Energy storage is crucial for expanding Africa's 
renewable energy capacity, mitigating intermittency, 
facilitating demand response, and improving grid 
dispatchability. Relying solely on traditional grids 
will not guarantee universal electricity access, with 
projections indicating that 600 million people may 
still lack power and 150 million could face unreliability 
by 2025. Off-grid battery solutions are essential.54 
Over the past 20 years, the growth of renewable 
energy storage has improved electricity access, as 
manufacturers increase production. A 2024 survey 
shows Africa's storage capacity at 18 GWh, with 
future adoption of advanced batteries in solar and 
other renewable sources. In 2025, South Africa was 
expected to lead a new 2,052 MWh project from its 
Battery Energy Storage programme supplementing 
its assets.55 

Green hydrogen has the potential to revolutionize 
renewable energy, with Africa aiming to take a 
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leading role. South Africa, leveraging its existing infrastructure, is focusing on green hydrogen in mining and 
manufacturing and has launched the Hydrogen Society Roadmap for collaboration. Namibia plans extensive 
renewable projects to export green hydrogen to Europe. Kenya aims to achieve 100 per cent renewable energy 
by 2030, replacing diesel in heavy transport with green hydrogen. Nigeria is diversifying its energy sources by 
using northern renewable energy and including hydrogen in its Energy Transition Plan. Egypt is expanding its 
investments in green hydrogen, using renewable energy from the Red Sea and Sinai, and collaborating with 
Siemens to boost its export capacity. Morocco is integrating green hydrogen into projects such as the Noor 
Ouarzazate Solar Complex. Mauritania’s AMAN project has attracted $40 billion for 30 GW of wind and solar 
energy. And Algeria, Angola, Democratic Republic of the Congo, Ethiopia, and Tunisia are developing or have 
established national hydrogen strategies.56 

Green hydrogen can diversify Africa’s industrial base by providing clean fuel for sectors that are difficult to 
electrify, such as heavy industry, shipping, and fertiliser production, thereby promoting sustainable economic 
growth. It offers a solution to Africa’s energy deficit by harnessing abundant renewables to produce clean 
fuel domestically, speeding up electrification and lifting millions out of energy poverty. Although challenges 
remain, including high upfront costs and infrastructure needs, coordinated government policies, international 
partnerships, and stable long-term contracts are driving swift progress. Africa’s green hydrogen revolution 
is not just an energy transition—it is a transformative opportunity to lead globally in clean energy innovation, 
economic resilience, and climate action.

ADVANCED FRONTIER TECHNOLOGIES
QUANTUM SCIENCE 

In 2024, Egypt, Ghana, Senegal, and South Africa 
proposed a resolution on quantum science at the 
United Nations, showing Africa’s determination to 
shape the future of quantum science.57 The resolution 
(A/RES/78/287) was adopted by consensus by the 
General Assembly in June that year, with the purpose 
of building capacity and raising public awareness 
throughout the global scientific community.58 
Africa’s ambition has been translated into grassroots 
efforts to nurture talent and build research 
networks and attract investment, mainly through 
global partnerships. In 2025, scientists from China and South Africa (Stellenbosch University) successfully 
established the world's longest intercontinental quantum satellite link, spanning 12,900 km.59 The initiative 
aims to enhance secure global communications with quantum encryption, promote international scientific 
collaboration, showcase quantum technology's transformative potential for data transmission, and lay the 
foundation for future quantum communication networks that drive innovation and economic growth.

But Africa hosted only 0.0043 per cent of global investment in quantum computing in 2025, as Europe 
led with 45 per cent of the global investment value, followed by North America with 39 per cent and Asia 
Pacific with 16 per cent (figure 3.10). This disparity underscores the urgent need for Africa to accelerate 
its quantum technology development and participation on the global stage. While normative leadership and 
pilot initiatives—such as satellite-based quantum links—signal growing participation, the continent’s quantum 
technology field currently encounters limited investment and an insufficient pool of skilled professionals, 
which restrict research infrastructure, hinder talent retention, and impede workforce development. 

In 2024, Egypt, Ghana, Senegal, 
and South Africa proposed a 
resolution on quantum science at 
the United Nations, showing Africa’s 
determination to shape the future 
of quantum science.
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Figure 3.10 Total investment in quantum computing, 2025
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Figure 3.10 Total investment in quantum computing, 2025

 
Source: ECA staff based on data from Qureca Spain (2025).

To overcome these barriers and fully realize Africa’s potential in quantum science, it is essential to establish 
dedicated quantum research hubs, strengthen international collaborations with leading institutions, and 
implement robust training programs to build a skilled workforce. Strategic emphasis should be placed on high-
impact applications such as secure communications and advanced materials science. Furthermore, policy 
support and effective regional coordination are critical to translating these goals into measurable progress, 
fostering economic growth, and positioning Africa as a global leader in quantum technologies.

NANOTECHNOLOGY

The Middle East and Africa nanomedicine market, valued at $16.2 billion in 2024, is projected to reach $48.2 
billion by 2033, at an annual rate of 12.9 per cent.60 The global nanotechnology market, valued at $118.7 
billion in 2026 and is projected to reach $220.8 billion by 2031 with 13.2 per cent annual growth.61 Medical 
and healthcare sectors led the nanotechnology market, accounting for a 26.4 per cent share of the market 
size in 2025. Energy storage is expected to grow at 15.6 per cent a year through 2031. Pharmaceuticals led 
the market share with a 36.0 per cent share in 2025, while semiconductors are expected to show the quickest 
expansion by 2031 at nearly 18.5 per cent a year (table 3.3). 

Table 3.3 Top market share holders and fastest-growing nanotechnology industries in the world

Top market share holders in 
2025

Market share 
in 2025 (%)

Fastest growing between 2026 and 
2031 

Compound 
annual 
growth rate 
by 2031 (%)

Manufacturing Bottom-up 59.9 Top-down 15.1

By type Nanomaterials 36.8 Nanodevices 16.7
By application Medical and healthcare 26.4 Energy storage 15.6
By end user Pharmaceuticals 36.1 Semiconductors and display original 

equipment manufacturers
18.5

By geography Asia-Pacific 38.5 Middle East and Africa 13.8

Sourcee: ECA staff based on data from Mordor Intelligence (2025).
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Nanotechnology is being used in many industries, 
but some sectors are leading the way and growing 
faster than others. 

1.	 Manufacturing methods: In 2025, the "bottom-
up" approach dominated manufacturing with 
60.6 per cent of the market. However, "top-down" 
methods are growing faster, with an expected 
annual growth rate of 15.1 per cent by 2031. This 
means that new ways of making nanomaterials 
are gaining ground and could become more 
important in the future.

2.	 Type of nanotechnology: Most of the market in 
2025 was focused on nanomaterials (36.8 per 
cent), but nanodevices are expected to grow 
quickly, with a yearly growth rate of 16.7 per 
cent. This suggests that devices made using 
nanotechnology, such as sensors or chips, will 
become more widespread. 

3.	 Applications: The biggest area for nanotechnology 
in 2025 was medical and healthcare (26.4 per 
cent). Energy storage (such as better batteries) 
was the fastest-growing application, with a 
growth rate of 15.6 per cent a year.

4.	 End users: Pharmaceuticals are the largest users 
of nanotechnology (36.1 per cent), but the fastest-
growing group is electronics manufacturers, 
especially those making semiconductors and 
display screens, at 18.5 per cent annual growth. 

5.	 Geography: The Asia-Pacific region holds the 
largest share of the nanotechnology market 
(38.5 per cent), but the Middle East and Africa 
are experiencing rapid growth, with a 13.8 per 
cent annual increase.

Egypt launched its Nanotechnology Centre in 
2008 with support from multiple ministries and 
international partners.62 The centre includes more 
than two dozen specialized laboratories and focuses 
on a mix of applications, including healthcare, 
biosensors, and advanced materials, making it one 
of the most comprehensive nanoscience facilities in 
North Africa. Its mission is to generate intellectual 
property, strengthen applied research infrastructure, 
and support economic competitiveness through 
nanotechnology applications. Academic research 
in Egypt further complements national efforts. For 

example, cancer nanotechnology research units at 
major universities are exploring nanoformulations 
to improve targeted chemotherapy and enhance 
drug delivery to tumour tissues, with outcomes 
documented in peer‑reviewed literature as examples 
of pharmaceutical nanotechnology promising more 
effective and less toxic treatments. 

In Nigeria, nascent nanotechnology research groups 
at institutions such as the University of Nigeria 
and University of Lagos are building capacity in 
nanoscience and materials research. Nigerian 
researchers have contributed to growing publication 
output in nanotechnology increasing from a handful 
of articles in 2010 to dozens per year by 2020, 
though overall output remains lower than in South 
Africa and Egypt. This trend reflects both growing 
interest and persistent challenges such as limited 
access to advanced instrumentation, funding 
constraints, and the absence of comprehensive 
national nanotechnology policies.63 Emerging 
research in Nigerian universities also touches on 
nanotechnology applications for environmental and 
biomedical problems. Nigerian teams are exploring 
nanomaterials with antimicrobial properties 
and potential uses in diagnostics and treatment 
development, particularly for infectious diseases 
that disproportionately affect African populations.64 

In South Africa, the Council for Scientific and 
Industrial Research (CSIR) hosts the National Centre 
for Nano‑Structured Materials, established in 2007 as 
part of the government’s nanotechnology strategy. The 
centre conducts advanced research on nanomaterials 
for sensors, water remediation, and biomedical 
applications, and supports the development of skills 
and infrastructure for nanotechnology R&D in the 
country. It also facilitates broader access to high‑tech 
equipment for universities and industry partners, 
helping to build human capital and research output 
in applied nanoscience. Researchers at CSIR and 
in affiliated institutions are exploring nano‑enabled 
drug delivery systems for infectious diseases, 
including tuberculosis, by encapsulating therapeutic 
agents to improve targeting, reduce side effects, and 
enhance bioavailability, an approach highlighted in 
South Africa’s nanotechnology research strategy and 
planning documents.65 

With Africa rich in materials, nanotechnology and 
advanced materials, science could offer opportunities 

Nanotechnology is being used in 
many industries, but some sectors 
are leading the way and growing 
faster than others. 
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for value addition to natural resources, participation 
in the production of high-tech products (such as 
wafers and semiconductors). Strategic investment 
in nanomedicine, renewable energy storage, and 
robust partnerships with universities and global 
laboratories will enable the continent to address 
region-specific health challenges, add value to 
natural resources, foster high-tech manufacturing, 
and create new employment opportunities. These 
steps are essential for accelerating Africa's 
participation in the global innovation ecosystem 
and improving public health and economic 
resilience.

The trends in advanced frontier technologies 
across Africa reveal a landscape of rapid growth, 
innovation, and significant economic potential. 
From AI and the IoT to blockchain, quantum 
technology, biotechnology, and nanotechnology, 
African countries are embracing cutting-edge advances to address local challenges and drive sustainable 
development. Despite Africa’s comparatively low share of global investment in various technologies, the 
continent’s youthful population, growing talent base, and expanding innovation ecosystems position it to 
capture greater economic value in the coming years. The ongoing efforts to scale renewable energy, build 
research networks, and develop strategic policies will be crucial for translating technological momentum into 
inclusive growth, job creation, and enhanced competitiveness on the global stage. 

The trends in advanced frontier 
technologies across Africa reveal 
a landscape of rapid growth, 
innovation, and significant economic 
potential. From AI and the IoT to 
blockchain, quantum technology, 
biotechnology, and nanotechnology, 
African countries are embracing 
cutting-edge advances to address 
local challenges and drive 
sustainable development. 

A group of people use their smartphones, technology and social networks in Africa.© Adobe Stock
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TRANSFORMATIVE POTENTIAL OF 
FRONTIER TECHNOLOGIES ACROSS 
SECTORS 
AGRICULTURE 

Agriculture, the economic and societal anchor of 
most African economies, employs a substantial 
portion of the population.66 But it is plagued by low 
productivity and vulnerability to climate change. 
Offering a clear pathway to transformation are 
such frontier technologies as precision agriculture, 
smart farming, blockchain tracing, and AI. These 
tools enable data-driven interventions to optimize 
farming practices, enhance productivity, and build 
resilience. Early pilots in East Africa have already 
demonstrated yield increases of 10–20 per cent 
with the use of digital tools.67 For a continent where 
more than 90 per cent of agriculture is rainfed, technologies like AI-assisted climate warning systems, as in 
Rwanda, improve outcomes by helping farmers adjust to climate variability. Botswana’s Lobu Small Stock 
Farm project shows how smart agriculture can enhance productivity and economic resilience in the livestock 
sector (box 3.2)

Offering a clear pathway to 
transformation are such frontier 
technologies as precision agriculture, 
smart farming, blockchain tracing, 
and AI. These tools enable data-
driven interventions to optimize 
farming practices, enhance 
productivity, and build resilience. 

Box 3.2 Smart agriculture in Botswana

Botswana’s Lobu Small Stock 
Farm was established in 1978 to 
support farmers in the Kgalagadi 
District with top breeds of Karakul 
sheep. The government took 
measures to resuscitate the farm 
and transform it into a centre 
of excellence by establishing 
strategic partnerships and 
implementing smart agriculture 
technologies and modern 
infrastructure. The initiative’s 
primary goal is to improve 
sustainability, competitiveness, 
and resilience in small stocks, in 
line with Botswana’s Vision 2036 
and the push towards a Fourth 
Industrial Revolution.

The UN Economic Commission for 
Africa (ECA), collaborating with the 
International Fund for Agricultural 
Development and other partners 
introduced a smart classroom 

equipped with an AI-enabled 
learning management system to 
train and provide farmers with 
access to training, resources, and 
knowledge on modern agricultural 
methods. The farm digitization 
involved a mobile crush pen, 
a digital scale, an RFID reader, 
ultrasonic scanning, record-
keeping and report-generating 
software, an IoT-based small-stock 
health monitoring system, an IoT-
based water intake monitoring 
system for small stock, and an 
online auction platform. The 
farm also focuses on improving 
stud genetics for small stocks, 
establishing a national registration 
system for goats and sheep, 
protecting local genetic resources, 
and managing rangeland. 

By deploying smart agricultural 
technologies and providing 

targeted training, the initiative 
has empowered farmers to make 
data-driven decisions, improve 
resource management, and 
boost overall productivity. Water 
savings of more than 40 per cent 
have directly addressed water 
scarcity in the Kgalagadi District, 
while the integration of virtual 
fencing and precision feeding has 
improved animal welfare and herd 
performance. 

Virtual fencing system has 
eliminated losses from predators 
and stray animals, directly 
protecting the farm's primary 
capital. By improving animal 
nutrition through precision feeding, 
the farm has seen a rise in fertility 
rates and overall herd productivity, 
solidifying its transformation from 
small stock development to a 
centre of excellence. 
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But productivity effects of digital agriculture have 
been uneven. ICT diffusion can accelerate information 
flows and market access, but these benefits remain 
limited unless complemented by skills and productive 
capabilities that enable adoption at scale. In practical 
terms, agriculture technology strategies are more 
likely to deliver sustained productivity gains when 
linked to skills development, extension systems, and 
agro-processing/industrial linkages that raise the 
returns to technology adoption.

HEALTH

Healthcare is one of the most promising fields for 
AI in Africa, given the acute shortages of medical 
professionals and resources. Many African countries 
have a low doctor-to-patient ratio (often fewer than 
one doctor per 5,000 people), and rural areas are 
especially underserved. Only seven African countries, 
including Cape Verde, Seychelles, Libya, Eswatini, 
Tunisia, Mauritius, and Algeria, have met the World 
Health Organization's recommended physician-to-
population ratio. The continental average remains 
low, with just 2.6 physicians per 10,000 people, and 
the region is expected to see a shortage of 6.1 million 
healthcare workers in 2030.68 

Digital health solutions—from AI diagnostic 
algorithms to predictive analytics—are improving 
healthcare delivery, diagnostics, and access. AI-
assisted diagnostics and biometrics help improve 
access to healthcare for the 600 million Africans 
without access to healthcare services.69 And IoT 
has been applied in healthcare and social services. 
For example, South Africa uses the IoT to collect 
patient information. This involves deploying sensors, 
wearable devices, and connected medical equipment 
that automatically record and transmit patient data 
directly to healthcare providers. And Rwanda has 
partnered with the American company, Zipline, to use 
drones for transporting blood and medical supplies 
to rural hospitals.70 Frontier technologies such as 
drones are already improving healthcare systems' 
resilience, equity, and efficiency (box 3.3).

Adopting frontier technologies in Africa's health 
sector thus boosts economic growth by creating 
jobs, building digital skills, and improving 
healthcare efficiency. By streamlining the delivery 
of medical supplies and services, technologies like 
AI diagnostics, telemedicine, and drone logistics 
reduce operational costs and waste, increase system 
efficiency, and help mitigate the financial burden 
of healthcare on households and governments. 
Digital health solutions drive inclusive economic 
transformation and strengthen local tech industries.

Box 3.3 Zipline—reshaping healthcare logistics

Zipline, a pioneer in autonomous 
drone delivery, has reshaped 
healthcare logistics across Africa. 
Operating in Côte d’Ivoire, Ghana, 
Kenya, Nigeria, and Rwanda, 
Zipline delivers blood products, 
vaccines, insulin, antibiotics, 
and other essentials to hospitals 
and health centres. In Rwanda, 
the Muhanga distribution centre 
alone reaches more than 350 
health facilities, offering a lifeline 
to remote areas. What once took 
four to five hours by road can now 
be achieved in just 45 minutes 
by drone, ensuring communities 
receive timely access to life-saving 
treatments. 

Zipline has become a driver of 
economic transformation in 
the regions where it operates, 
with measurable effects on 
employment, revenue, income, and 
productivity. More than 500 local 
jobs have been created, a third of 
which are held by women, while 
hundreds of high-tech positions 
have also emerged, signalling 
a shift towards advanced skill 
development and technological 
capacity building. On the 
economic side, millions of dollars 
have been saved through supply 
chain efficiencies, including a 67 
per cent reduction in wastage and 
a 60 per cent drop in stockout 

times. Health outcomes, such as 
a 56 per cent decline in maternal 
mortality and a 66 per cent decline 
in missed opportunities to treat 
malaria, highlight the indirect 
economic benefits of Zipline’s 
services.

Scaling Zipline’s model to 
a regional and continental 
level requires harmonizing 
drone regulations, investing in 
local talent development, and 
strengthening supply chain 
linkages to ensure efficiency and 
resilience. 
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FINANCE AND COMMERCE 

Frontier technologies have enormous potential to 
support implementation of AfCFTA’s Digital Trade 
Protocol. Fintech innovations, such as mobile money 
and blockchain, are expanding financial inclusion, 
providing millions with access to capital and secure 
payment systems. Digital payment systems also 
facilitate access to core financial services, including 
mobile transfers, mobile payments, and mobile 
banking. By 2024, the mobile money industry recorded 
2.1 billion registered accounts with more than half 
a billion active users (514 million), with more than  
two-thirds of the registered accounts coming from 
Sub-Saharan Africa. Growth in active 30-day accounts 
was led by East Africa, contributing 32 per cent of 
new accounts in 2024.71 

Kenya’s M-Pesa stands out as a transformative 
financial innovation in the subregion since its 
launch in 2007, penetrating in nearly all sectors of 
the economy, including banking, retail, transport, 
utilities, and government, enabling a more integrated 
financial ecosystem.72 M-Pesa’s has improved 
financial inclusion, especially among the unbanked 
and underbanked, with nearly 83 per cent of Kenyans 
gaining access to formal financial services in 
just over a decade. By streamlining cross-border 
payments, optimizing supply chains, and enhancing 
transparency, fintech innovation reduces trade costs 
and improves competitiveness. At an international 
level, Jumia, also known as the "Amazon of Africa," 
is the largest e-commerce platform in Africa with 
operations in nine countries, including Nigeria, Kenya, 
Morocco, Algeria, Egypt, Ghana, Ivory Coast, Senegal, 
to Uganda (box 3.4). 

Box 3.4 Jumia Africa’s e-commerce platform

Jumia, established in 2012, has 
evolved into a transformative 
force by integrating frontier 
technologies into its operations, 
while addressing unique 
challenges of African markets. 
In 2024, Jumia reported 5.4 
million active consumers, 70,000 
active sellers, and 22.3 million 
orders, underscoring its scale 
and influence in shaping Africa’s 
digital economy. The platform’s 
marketplace is supported by 
its proprietary logistics arm, 
Jumia Logistics, and its fintech 
ecosystem, JumiaPay, which 
together enable seamless 
trade, delivery, and financial 
transactions. Through this model, 
Jumia demonstrates the practical 
application of artificial intelligence 
(AI), the Internet of Things (IoT), 
big data analytics, and emerging 
blockchain use, enhancing 
decision-making, personalizing 
customer experiences, and 
optimizing last-mile delivery.

Jumia has opened opportunities 
for entrepreneurs and small 
businesses with more than 
100,000 small and medium 

enterprises using the platform. 
Its operations directly and 
indirectly support the creation 
of jobs: JForce, for example, has 
more than 40,000 sales agents 
operating in various countries. 
Expansion into rural Côte 
d'Ivoire has provided access to 
e-commerce in 107 towns through 
181 pick-up stations. Surveys 
reveal that 90 per cent of rural 
buyers saved money, while 71 per 
cent intended to reorder, a sign of 
affordability and increased market 
integration. 

Jumia has also introduced 
significant foreign investment 
and confirmed the continent’s 
positioning in international 
digital markets. In 2024, the firm 
had revenues of $167.5 million, 
supported by approximately 
12,000 cross-border sellers 
(mostly from China), which 
account for one-third of the items 
sold on the platform. 

The platform also serves as an 
entrepreneurial enabler, providing 
SMEs and women's enterprises 
with access to national and 

regional markets. JumiaPay 
encourages digital payments and 
other credit products such as Buy 
Now, Pay Later for deeper financial 
inclusion that closes structural 
imbalances in financial markets on 
the continent.

Scaling Jumia’s model across 
Africa requires addressing the 
persistent structural challenges 
that constrain its expansion, 
particularly underdeveloped 
logistics networks and high 
delivery costs. These challenges 
have forced Jumia to withdraw 
from certain countries where 
continued operations proved 
financially unsustainable. 
Expanding into additional 
countries will require harmonized 
regulations to ease customs 
bottlenecks, standardize tax 
regimes, and enable smoother 
cross-border e-commerce. At the 
same time, Jumia must deepen 
financial inclusion by growing 
JumiaPay services, Buy Now, Pay 
Later (BNPL) products, and seller 
credit programmes.
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E-GOVERNMENT AND PUBLIC SERVICE DELIVERY
The overall trajectory of e-government development in Africa remains promising (table 3.4). And digitalization 
is advancing efforts to improve the efficiency, transparency, and accountability of government transactions 
and service delivery. Significant progress has been made in strengthening systems and infrastructure, laying 
the groundwork for an accelerated transition to e-government across the continent. 

Table 3.4 African countries offering online service, 2022

  Countries Percentage
Number of people benefit the 

online services (000)

Register a business 45 0.8 1,115,689

File company/business tax online 34 0.6 842,965

Submit income taxes 33 0.6 818,172

Apply for personal identity card 33 0.6 818,172

Pay for utilities (electricity/gas) 32 0.6 793,379

Apply for driver’s license 30 0.6 743,793

Apply for building permit 31 0.6 768,586

Apply for land title registration 27 0.5 669,414

Pay for utilities (water) 33 0.6 818,172

Apply for environmental permit 22 0.4 545,448

Apply for social protection programmes 27 0.5 669,414

Apply for visa 23 0.4 570,241

Register a motor vehicle 10 0.2 247,931

Submit change of address 4 0.1 99,172

Source: ECA staff using data from UNDESA (2024).

More than 40 African countries provide digital platforms for business registration, while 34 countries offer 
online tax payment services—together covering nearly one billion people. And about half of the continent’s 
countries have adopted digital platforms for local services such as utility payments (electricity, gas, water), 
building permits, and land title registration. For example, the South African Revenue Service has implemented 
an AI chatbot on its website to assist taxpayers with registration, filing, and refund inquiries, which has improved 
operational efficiency and reduced administrative delays. And Rwanda’s IremboGov provides citizens and 
businesses with a single digital portal to access and pay for more than 100 government services (box 3.5)
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Box table 3.5.1 Irembo in Rwanda’s e-government from 2015 to 2023

Before Irembo (pre-2015) After IremboGov (2023)

Services digitized <10%, siloed >50% (more than 100 services integrated)

Applications processed Limited by physical offices 8.4 million annually

Application time Days/weeks Hours / ~3 days (passports)

Payment method Mostly cash >97% digital

Citizen time saved Minimal ~12–16 million hours saved/year 

Support workload Manual Self-service share 41%

Revenue leakages Higher risk Digital audit trail; improved compliance

Jobs created (agents) Few digital jobs 7,000+ Irembo agents
Source: ECA staff elaboration.

Rwanda’s digital policy and 
comprehensive legal frameworks, 
such as the Data Protection Law 
and cybersecurity initiatives, 
underpin the platform's success. 
The Smart Rwanda Master Plan, 
along with a robust national 
ICT strategy that prioritizes 
digitization and integrated services, 
strengthen institutional capacity, 
enhance service efficiency, and 
improve accountability in public 
administration, while contributing 
to 100 per cent end-to-end digital 
government services. 

Supporting Rwanda's digital 
transformation is the national 
biometric ID system, facilitating 
secure identification and 
authentication for online services. 
In addition, significant government 
investments in broadband 
infrastructure—including 4G LTE and 
fibre—have been made to achieve 
nationwide connectivity for digital 

government initiatives. Another 
enabler is the Irembo agent network 
of more than 7,000 agents, which 
extends access to citizens without 
smartphones or internet, further 
supporting financial inclusion. 

Nevertheless, challenges including 
digital divide and literacy, technical 
gaps, payment failures, integration 
issues and concerns on trust and 
data security are hindering the 
comprehensive and successful 
implementation of this platform. 
The Government of Rwanda is 
addressing these issues through 
financing digital infrastructure and 
basic digital skills development, 
while bridging gaps in policy, 
regulation, and strategies for ICT 
accessibility and for long-term 
economic inclusion and resilience.

Scaling will require replicating the 
critical enablers that supported 
Rwanda’s progress including 

clear digital policies, a secure 
identification system, strong 
institutional capacity, and 
reliable digital infrastructure, 
while tailoring them to local 
realities. Regional frameworks, 
particularly the African Union’s 
Digital Transformation Strategy 
(2020–2030) and the Smart Africa 
Alliance, can provide common 
standards for interoperability, 
data protection, and cross-
border trust in digital platforms. 
At the same time, partnerships 
with national governments 
will be essential to localize tax 
administration, land registration, 
and civil documentation. And 
capacity-building programs and 
agent networks can help bridge the 
digital divide and ensure inclusion 
for rural and less digitally literate 
populations. 

Source: ECA staff based on official 
government documents.

Box 3.5 Rwanda’s IremboGov e-government services 

IremboGov, Rwanda’s flagship e-government platform, was launched in 2015 as a public–private partnership 
between Irembo Ltd and the Government of Rwanda to digitize service delivery nationwide. 

It transformed most paper-based services, which are fragmented across agencies and ministries, making 
access slow, expensive, and prone to leakages. Since its launch, IremboGov has processed more than 25 million 
applications, approximately $300 million in transactions, saving more than 100 million working hours and reducing 
the average service delivery time from five days to just 24 hours. In addition, 45 per cent of Irembo’s users pay for 
services online, generating more than RwF 350 billion in revenue for the government. Each month, the platform 
process between 300,000 and 500,000 applications, with 80 per cent of transactions performed online. 
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Aiming for 52 per cent renewable 
energy by 2030, Morocco is 
heavily investing in solar, wind, 
and hydroelectricity. 

ECA CASE STUDIES
ECA case studies demonstrate how frontier technologies contribute to economic transformation. Each one 
highlights the impact of the selected technology through changes in productivity, job creation, and investment, 
among other indicators, as well as the environment that enables the technology to be adopted and thrive. 
The criteria for selecting them include the level of maturity of the associated frontier technologies, and the 
speed and scale of their diffusion. The cases have generally reached advanced phases of diffusion and have 
attributes that enable fast and wide-scale diffusion. They show how frontier technologies can be quickly 
implemented with minimal resources to generate immediate high impact results. Annex 3.1 illustrates the core 
frontier technologies that underpin the selected cases, hence drive sectoral transformation, the determinants 
of their adoption, and the phase of diffusion of the technologies. It also shows the impact of the cases and the 
enabling environment that allows these technologies to scale up. 

RENEWABLES IN MOROCCO 

Renewable energy, especially solar and wind, is 
transforming Morocco's energy system and economy. 
Aiming for 52 per cent renewable energy by 2030, Morocco 
is heavily investing in solar, wind, and hydroelectricity. 
The 2009 National Energy Strategy aims to achieve 52 per 
cent renewable energy by 2030, and 70 per cent by 2050 
through measures such as developing renewable energy 
sources, investing in energy efficiency, and integrating 
electricity markets across North Africa and Europe. 
Significant projects include the Moroccan Solar Plan with 2,000 MW from solar power by 2020 and 4,800 
MW by 2030, the Wind Programme aiming for 2,000 MW by 2020 and 5,000 MW by 2030, $3.5 billion in grid 
infrastructure, and $700 million in pumped storage. To support such projects, Morocco is strengthening the 
National Agency for the Development of Renewable Energy and Energy Efficiency and the Moroccan Agency 
for Sustainable Energy through public–private partnerships.73 

By 2023, Morocco's electricity mix shifted from a predominantly coal- and oil-based generation mix to a 
diversified generation integrating 4.8 per cent PV, a significant Concentrated Solar Power (CSP) plant, 15 per 
cent wind, and 1.2 per cent hydropower. Wind and solar now make up nearly 20 per cent. Future projects, such 
as the 2040 Master Plan (52 GW), Power-to-X (5 GW), and Green Hydrogen (20 GW), will further transform the 
sector. Government vision, policy reforms, conducive public and project finance, regional energy integration, 
establishing relevant energy sector institutions, solar and wind technology scaled adoption, and smart local 
content provisions enabled Morocco's transformational results. By optimizing the electricity fuel mix, expanding 
renewable energy sources (wind, solar, hydropower), enhancing energy efficiency, and strengthening regional 
market integration, the government has achieved significant developments, including 300 MW of wind energy 
for phosphate plants, 40 MW of solar power for Tangier Automotive City, 60 MW for Lafarge-Holcim Cement, 
50 MW of solar and wind for steel decarbonisation, 1 MW for Marrakesh's electric buses, 50 MW for Tangier 
rail electrification, 10 MW for electric vehicle stations nationwide, 80 MW for solar-powered farm irrigation, 
and 20 MW of biomass for agriculture.74 Renewables are enhancing production and efficiency across various 
sectors. 

Morocco's renewable energy sector is projected to create nearly 449,000 jobs by 2030 and 483,000 by 2040.75 
Regional interconnection benefits include grid stability and increased exports—Morocco exported $20.3 
million in electrical energy to Spain in 2024.76 
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INDEPENDENT POWER PRODUCERS 
IN SOUTH AFRICA 

The Renewable Energy Independent Power Producer 
Procurement Programme was introduced as an 
innovative approach aimed at developing 17.8 
GW of solar and wind from 2010 to 2030. It aimed 
to generate 7,090 MW across 97 projects and by 
March 2023, 89 projects were operational, supplying 
6,105 MW.77 The programme also reduced costs, 
with solar dropping from $0.34/kWh to $0.07/
kWh. Several factors have supported the success 
of this programme, including a national renewable 
energy vision, an innovative procurement system, a 
large-scale initiative attracting private investment, 
staggered bidding windows providing long-term 
market signals, smart criteria that foster collateral 
benefits, institutional support, supportive policy, and 
a shift from expensive policies like feed-in tariffs to 
competitive bidding. 

The programme has had notable socioeconomic 
effects as its design assigned a 30 per cent weight 
to development factors in bid evaluations and 
consideration of community needs within a 50 
km radius, thereby enhancing social inclusion and 
benefits. The first three bids for solar and wind 
projects generated an estimated 20,000 temporary 
jobs and 35,000 operational jobs.78 Since its inception, 
roughly R210 billion in investment has facilitated 
the participation of 120 IPPs, yielding significant 
economic impacts.79 The initial bidding window 
attracted nearly $6 billion in renewable investments, 

with about $4.5 billion allocated.80 This was followed 
by approximately $3.5 billion and $4.5 billion for 17 
projects in the second and third bidding windows, 
respectively. 

The programme enabled communities to own 5 per 
cent of renewable energy assets, mobilizing resources 
for education, health, and infrastructure. Project 
90 by 2030 has empowered communities with an 
average stake of 12 per cent stake in projects playing 
a vital role in tackling South Africa's inequality. And 
by 2050, up to 30,000 marginalized individuals could 
access education, more than 3,000 enterprises could 
be supported, and 10,000 jobs could be created.81 

To leverage the impact, South Africa established the 
Atlantis Special Economic Zone (SEZ) to develop 
a sustainable Greentech SEZ, attracting export 
investors and boosting local growth, employment, 
and manufacturing, and supporting suppliers and 
component manufacturers for the programme.82 
Companies such as ISOLAR, Gestamp Renewable 
Industries, and Resolux benefit from the zone, 
promoting the development of green technology. 

However, challenges including licensing delays and 
bureaucratic hurdles that hinder investment, as well 
as coordination gaps in infrastructure development, 
which risk the stranding of assets. Furthermore, 
while aiming to boost growth, the programme 
primarily creates temporary, unskilled jobs and faces 
challenges in creating large-scale, permanent jobs.83 

Wind farm at sunset, South Africa
© Adobe Stock



ECONOMIC REPORT ON AFRICA 2026 GROWTH THROUGH INNOVATION: Harnessing data and frontier technologies for Africa’s economic transformation

 120

GREEN HYDROGEN IN NAMIBIA

Namibia aims to export hydrogen products, including 
ammonia, methanol, synthetic kerosene, and hot-
briquetted iron, to markets in Europe, China, Japan, 
South Korea, and other regions worldwide. It aspires 
to create an at-scale green fuels industry with a 
production target of 10–12 million tonnes a year 
of hydrogen equivalent by 2050.84 It also aspires to 
establish an integrated, thriving green ecosystem 
across Southern Africa by creating synergies in 
shared infrastructure, manufacturing collaboration, 
and power exports, as with South Africa, Botswana, 
Zambia and Angola.

The Green Hydrogen Programme is part of a green 
industrialization initiative characterized by an 
integrated and multisectoral approach that involves 
the power, industry, agriculture, and transport sectors, 
with participation from multiple ministries, including 
the Ministry of Mines and Energy and the Ministry of 
Industrialization and Trade. 

Several programme components could benefit local 
communities through job creation: 

•	 Producing electricity from renewable energy 
and using it to produce green hydrogen. 

•	 Developing the iron and steel industry to 
diversify Namibia’s economy through value 
addition to natural resources. 

•	 Producing ammonia used in fertilizer to 
boost agricultural productivity, including in 
greenhouses. 

•	 Applying hydrogen in the transport sector, 
including shipping with the goal of positioning 
Namibian ports as hydrogen fueling hubs, as 
well as using hydrogen to power heavy vehicles.

It is estimated that the hydrogen industry would add 
$4.1 billion (in real 2022 dollars) to Namibia’s GDP 
by 2030, representing a 32 per cent increase over 
the GDP estimate without a hydrogen industry. By 
2040, it could generate an additional $6.1 billion, 
32 per cent higher than current GDP estimates. The 
hydrogen industry would also expand the domestic 
labour market, creating an estimated 280,000 jobs by 
2030 and 600,000 jobs by 2040. Local manufacturing 
of wind turbine towers and blades could contribute 
$7 billion to the GDP by 2035–40. These activities 
are also expected to create an additional 7,000 
direct jobs annually. Localizing solar cell and module 
manufacturing could contribute $4 billion to the GDP 

by 2035–40 and create 4,000 direct jobs annually by 
2040.85 

Green hydrogen development and green 
industrialization require strengthening the country’s 
power infrastructure. So, Namibia is expanding 
its energy infrastructure to achieve universal 
electricity access by 2040 and to meet rising 
demand amid challenges such as severe droughts 
that impede imported hydropower. The government 
has implemented strategic policies outlined in its 
National Renewable Energy Policy, resulting in a 
surge in the installation of solar panels to 155 MW 
of installed solar capacity in 2024 from virtually zero 
a decade ago. The government also recognizes the 
need for a robust and well-adapted rail infrastructure 
to support efficient iron ore transportation. So, 
potential upgrades and extensions of the rail network 
are under discussion to bolster connectivity with 
neighbouring countries and enhance its role as a 
transport corridor.86

To promote green hydrogen development and green 
industrialization, the government is forging robust 
public-private partnerships and developing appropriate 
regulatory frameworks to support these initiatives, 
including the introduction of national sustainable 
special economic zones policy in October 2022. 
Similarly, the Ministry of Industrialization and Trade 
seeks to integrate green technologies in areas such 
as steel manufacturing and charcoal production, and 
adapting existing policies to support this transition, 
including the country’s automotive sector policy and 
its mineral beneficiation strategy. On a global scale, 
Namibia is fostering strategic partnerships in green 
hydrogen and critical raw materials with international 
entities, including the European Union (EU), Germany, 
and Japan. Domestic talent sourcing and attractive 
immigration policies will ensure a sufficient labour 
supply. The government is also establishing a facility 
to mobilize concessionary climate finance, aiming to 
de-risk investments and reduce the cost of capital for 
hydrogen projects.87
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ELECTRIC VEHICLE DEVELOPMENT 
IN MOROCCO

Morocco has emerged as a regional leader in EV 
adoption, propelled by ambitious national policies, 
an expanding renewable energy industry, and 
significant investments in charging infrastructure. 
In 2023, electric vehicles represented 4.5 per cent of 
the Moroccan automobile market, with 7,165 units 
sold out of a total of 161,504 vehicles, resulting in a 
substantial 25.3 per cent rise in electric vehicle sales 
compared to 2022, indicating a discernible trend in 
the Kingdom.88 Morocco has an annual production 
capacity of approximately 700,000 vehicles, including 
70,000 electric cars, anticipated to grow to around 1 
million by the end of 2025, including 100,000 electric 
cars.89

The EV market in Morocco is projected to post a 
compound annual growth rate of 10.8 per cent, 
resulting in a projected market value of $163.4 
million by 2029.90 This increase is expected to lead to 
developing charging infrastructure, create jobs, and 
save foreign exchange. The projected shift to EVs 
would decrease carbon emissions to approximately 
2.6 Mteq CO2 per year by 2050 (compared with 
around 30 Mteq CO2 per year emitted by cars in 
2050 in a business-as-usual scenario) and reduce 
hydrocarbon demand by around 2 billion litres of fuel 
each year.91

Morocco’s 2014–20 Industrial Acceleration Plan 
and its successors aim to tactically stimulate the 
establishment of the country's automotive industry 
as well as the development of automotive cities 
such as Kenitra and Tangier. The surge in the 
adoption of electric vehicles in Morocco is motivated 
by government incentives, including complete 
exemption from customs taxes and VAT, purchasing 
incentives, and a discounted electricity tariff at 
night.92 These incentives aim to reduce the costs 
associated with acquiring and using EVs, thereby 
increasing accessibility and promoting their adoption. 
Morocco’s National Electric Mobility Development 
Plan 2021–30 aims to have 150,000 electric vehicles 
on the road by 2030. The plan aims to strengthen the 
charging infrastructure for EVs, including through 
public private partnerships (PPP), reduce pollution, 
establish a novel industrial and economic sector, 
and reduce dependence on fossil fuels. Morocco’s 

Investment Charter outlines support mechanisms 
to enhance the Kingdom's investment climate, 
establishing it as a continental and international 
hub for foreign direct investment.93 Electric mobility, 
semiconductors, and renewable energy are among 
the segments that benefit from support under the 
Investment Charter. As of 2024, Morocco had around 
1,600 stations for electric vehicles.94 

The Oxford Business Group estimated that the auto 
industry accounted for 19 per cent of Morocco's 
GDP in 2019 (both internal combustion engine and 
electric vehicles combined), making the automotive 
sector a pillar of the Moroccan economy, with a 
significant contribution to exports and employment 
in the country. More than 220,000 people work in 
the sector.95 The country's strategic location at 
the intersection of Europe and Africa enables it to 
access both markets efficiently, with Tangier Med, 
a Moroccan port located near Spain. Of the 20 
greatest vehicle manufacturers from Europe, Asia, 
and America, 11 are in the Tangier Med Zone. The 
Tangier Med platform hosts an ecosystem of global 
automotive operators, comprising more than 150 

An EV parked on the roadside while recharging in Morocco
© Adobe Stock
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Tier 1, 2, and 3 suppliers,96 which generate more 
than 40,000 direct jobs and represent an investment 
volume exceeding $4 billion.97

AERIAL CABLE TRANSPORT IN 
MADAGASCAR AND RWANDA 

Cable cars contribute to the vision of sustainable, 
green, climate-resilient urban mobility infrastructure 
in Africa. They are green infrastructure assets that 
offer both impact and returns, constituting a scalable 
model of low-carbon, inclusive public transport that 
cities across Africa can emulate. Cable cars are used 
for tourism and urban transport in African countries 
such as Algeria and South Africa. Other countries 
on the continent, such as Madagascar and Rwanda, 
are embracing cable cars to address urban mobility 
challenges. 

The Malagasy capital, Antananarivo, faces numerous 
urban planning and transportation challenges. It is 
subject to a highly dynamic and difficult-to-manage 
urban growth, with about 4.3 million people living in 
the urban area,98 up from about 175,000 in 1950.99 It 
is characterized by steep hills and a plain primarily 
covered by rice fields, posing significant challenges 
for urban planning and population mobility, 
particularly given the extremely low density of the 
city’s road network. The average one-way journey in 
Antananarivo takes 46 minutes, with economic costs 
of traffic congestion estimated to result in an annual 
loss of approximately $40 million or 0.34 per cent of 
GDP, while in other secondary cities it is estimated to 
be 15–25 minutes.100 

A cable transportation system in Antananarivo 
provides a solution to traffic congestion and 
pollution, and it is more cost-effective. It is capable 
of transporting between 2,200 and 2,800 passengers 
per hour in each direction. The high hourly capacity 
translates to an estimated daily capacity ranging 
from 40,000 to 80,000 passengers on some of the 
most frequently used routes in the city, including 
routes to educational and university complexes, 
business centres, administrative centres, and tourist 
areas.101 The system cost 152 million euros, financed 
by France through a loan to the government of in 
2021.

The benefits of the cable transport system include 
a significant reduction in CO2 emissions due to its 
electric power and the removal of approximately 
2,000 cars from the road network per day, equivalent 
to 2.6 tons of CO2 per day. Other benefits include 
time savings for passenger efficiency in overcoming 
topographical and urban obstacles (such as hills 
and rice fields), guaranteed service regularity with a 
fully dedicated site, the opportunity for passengers 
to enjoy a pleasant travel experience with panoramic 
views, and many jobs are created in implementing the 
system (construction, operation, maintenance etc.).

In Kigali, plans are under way to develop a 5.5 km 
mobility initiative valued at $100 million to ease the 
city’s traffic congestion, reduce greenhouse gas 
emissions, and connect underserved communities to 
jobs and essential services. Construction is expected 
to begin in 2026, with commissioning scheduled for 
2028. Once complete, the cable system will convey 
more than 50,000 passengers a day on a 15-minute 

Antananarivo cityscape, Tana, capital of Madagascar
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POLICY DIRECTIONS
The ongoing transformation of Africa’s economic 
and social landscape by frontier technologies—
ranging from artificial intelligence and blockchain to 
renewable energy, is influencing Africa’s economic 
and social development across sectors including 
agriculture, health, transport, energy, finance. While 
these technologies are altering established practices 
and systems, they also present challenges. 

The findings here caution against uniform frontier 
technology strategies across sectors, underscoring 
the need for differentiated approaches tailored 
to sector-specific production structures and 
absorptive capacity. The productivity effects of 
frontier technologies vary systematically depending 
on how production is organized, the skill intensity 
of activities, and the presence of complementary 
industrial and institutional capabilities. In sectors 
characterized by fragmentation, informality, and weak 
firm capabilities—such as smallholder agriculture 
or informal services—technology adoption often 
yields weak or even negative productivity effects 
when deployed in isolation, reflecting adjustment 
costs, coordination failures, and limited capacity 
to absorb and scale new tools. By contrast, sectors 
with more structured production systems, stronger 
firm linkages, and clearer pathways for learning-by-
doing—such as manufacturing, agro-processing, 
and digitally enabled services—are better positioned 
to translate frontier technologies into sustained 
efficiency gains.

These differences imply that sectoral technology 
strategies must be sequenced and designed 
differently. In lower-productivity, labour-intensive 
sectors, priority should be placed on foundational 
investments in skills, extension systems, 
organizational capacity, and basic infrastructure 
before or alongside technology deployment. In more 
capital- and knowledge-intensive sectors, frontier 
technologies can be leveraged earlier to accelerate 
upgrading, if industrial capacity and workforce skills 
are already in place. Treating frontier technologies 
as sector-neutral inputs risks misallocating 
resources, amplifying inequalities between 
sectors, and generating disappointing aggregate 
outcomes. A differentiated, sector-aware approach 
is thus essential to ensure that frontier technologies 
contribute meaningfully to productivity growth, 
employment creation, and structural transformation 
across African economies.

The findings here caution against 
uniform frontier technology 
strategies across sectors, 
underscoring the need for 
differentiated approaches tailored 
to sector-specific production 
structures and absorptive capacity.

end-to-end journey, integrating with the city’s existing transport infrastructure. The project—anchored in 
Rwanda’s Green Taxonomy, E-mobility Strategy, and Climate and Nature Finance Strategy—aligns closely with 
national climate objectives, which target a 38 per cent reduction in carbon emissions by 2030 and carbon 
neutrality by 2050.
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ANNEX 3.1
Case Study Core Frontier 

Technologies

Determinants 
of technology 
adoption

Phase of 
Diffusion Impact Enabling Environment

Morocco 
Renewable 
Energy 
Transition

	y Photovoltaics

	y Hydrogen and 
ammonia for 
power

	y Advanced data 
analytics

	y Accessibility 

	y Scalability

	y Compatibility with 
existing systems

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 4: scaling 
up and market 
consolidation

	y  By 2023 electricity generation included 
4.8% PV, 15% wind and 1.2 % hydropower, 
with wind and solar making up nearly 20%

	y Nearly 449,000 jobs by 2030 and 483,000 
by 2040 in renewable energy production 

	y Expected exports of nearly $36 million to 
Spain with 461 GWh  

	y Government vision and 
policy reforms 

	y Conducive public and 
project finance

	y Energy integration initia-
tives between Europe 
and North Africa  

	y Establishing energy 
sector institutions 

	y Scaled technological 
adoptions 

	y Sectorial applications for 
renewable energy  

South Africa 
- Renewable 
Energy 
Independent 
Power Producer 
Procurement 
Program 
(REIPPPP)

	y Photovoltaics 	y Relative advantage 
over coal from 
an environmental 
perspective

	y Ease of use 

	y Accessibility

	y Compatibility with 
existing systems

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 4: scaling 
up and market 
consolidation

	y Attracted nearly $6 billion investment in 
renewable energy

	y 89 projects operational, supplying 6,105 
MW 

	y Community owns 5% of the renewable 
energy assets; average stake of 12% in 
project ownership 

	y Reduced cost of electricity from $034/kWh 
to $0.07/kWh

	y 20,000 temporary and 35,000 operational 
jobs created 

	y National renewable 
energy vision 

	y Supportive policy and 
institutions 

	y Innovative procurement 
systems 

	y Initiatives attracting 
private investments 

	y Long-term market 
signals and smart criteria 
that fosters collateral 
benefits

	y Establishment of Special 
Economic Zones  

	y  
The Green 
Hydrogen 
Programme in 
Namibia

	y Hydrogen and 
ammonia for 
power

	y Photovoltaics

	y Critical minerals 
extraction and 
processing

	y Continuous 
flow chemical 
synthesis

	y Advanced data 
analytics

	y Accessibility

	y Scalability

	y Observability of 
outcomes of the 
technology used by 
others

	y 2/Phase 3: 

	y Strategy and 
infrastructure 
development/
pilot implemen-
tation Phase

	y About 208,000 jobs created by 2030 and 
600,000 by 2040

	y $4.1 billion GDP contribution by 2030 
(increasing GDP by 32%) 

	y Solar power generation increased from 
a baseline of zero to 155MW installed 
capacity

	y Expected local manufacturing contribution 
of $7 billion to the GDP by 2035-40 and 
generate 7,000 direct jobs annually

	y Expected localizing solar cell and module 
manufacturing contribution of $4 billion to 
the GDP by 2035-40 and create 4,000 direct 
jobs by 2040

	y Implementations of strat-
egies and policies 

	y Infrastructures provision 
that support raw material 
transportation 

	y Forging robust public-pri-
vate partnership and 
regulatory frameworks 

	y Fostering strategic inter-
national partnerships 

	y Establishing a facility to 
mobilize concessionary 
climate finance (de-risk 
investments and cost of 
capital) 

Electric 
Vehicles

	y Electric batteries

	y Advanced Inte-
grated Circuit 
design & fabri-
cation

	y Advanced 
magnets 

	y Accessibility 

	y Scalability

	y Compatibility with 
existing systems

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 4: scaling 
up and market 
consolidation

	y Projected market value of $163.4 million by 
2029 in Morocco

	y Auto industry accounted for 19% of Moroc-
co's GDP in 2019

	y Decrease carbon emissions to approxi-
mately 2.6 Mteq CO2 per year by 2050 

	y Reduce hydrocarbon demand by around 2 
billion litres of fuel each year

	y Expected 150,000 EV Market growth by 
2030  

	y More than 220,000 people work in the 
export of EVs in Morocco in 2025

	y The Tangier Med platform generates over 
40,000 direct jobs and represents an invest-
ment volume exceeding $4 billion

	y National Policies and 
incentives to promote EV 
adoption 

	y Industrial Acceleration 
Plan and Investment 
Charter to establish 
manufacturing hubs

	y Investment in ports and 
logistics

	y Significant investment in 
charging infrastructure 

	y Government incentives 
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Case Study Core Frontier 
Technologies

Determinants 
of technology 
adoption

Phase of 
Diffusion Impact Enabling Environment

Aerial Cable 
Transport

	y Advanced 
composite mate-
rials

	y Coatings

	y Electric batteries 
(supporting)

	y Relative advantage 
over coal from 
an environmental 
perspective

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 2: 
Strategy and 
infrastructure 
development

	y Influence daily commuting patterns (an 
estimated daily capacity ranging from 
40,000 to 80,000 passengers)

	y Reduced traffic congestion in the city 
(removal of approximately 2,000 cars from 
the road network per day, equivalent to 2.6 
tons of CO2 per day )

	y Time savings for travellers

	y Opportunity for tourist attraction

	y Sustainable urban 
mobility vision  

	y Government support 
through loan empha-
sizing  modernization 

	y Integration of mobility 
with urban planning

Smart 
Agriculture in 
Botswana

 

 

 

 

	y Artificial intelli-
gence (AI) 

	y Machine learning

	y Advanced data 
analytics

	y Photonic sensors

	y Autonomous 
systems operation 
technology

	y Advanced radiof-
requency commu-
nications

	y Accessibility 

	y Scalability

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 3: 

	y Pilot implemen-
tation Phase

	y  

	y Strengthened climate resilience and 
resource efficiency (water savings of over 
40%)

	y Eliminated (100% reduction) losses from 
predators and stray animals.

	y Boosted fertility rates and overall herd 
productivity.

	y Increased export revenue and strengthened 
trade balance.

	y Created stable employment opportunities, 
diversifying rural livelihoods.

	y Empowered decision-making capacity for 
farmers

	y Integrated digital infra-
structure and AI-enabled 
capacity building

	y Enabling policy envi-
ronment aligned with 
national development 
strategies

	y Strategic public–private 
partnerships

	y Clear regulatory frame-
works 

	y Access to specialized 
agri-tech innovation and 
digital market linkages

Zipline 	y Autonomous 
systems (Drones) 

	y Advanced 
radiofrequency 
communications 
(incl. 5G) 

	y Artificial intelli-
gence (AI) 

	y Advanced data 
analytics 

	y Scalability

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 4: scaling 
up and market 
consolidation

	y More than 500 local jobs created

	y The Muhanga distribution centre in Rwanda 
reaches more than 350 health facilities

	y Millions of dollars saved through supply 
chain efficiency (a 67% reduction in 
wastage and a 60% drop in stockout times)

	y In rural areas, household incomes rose by 
as much as 67%

	y A 56% reduction in maternal mortality and 
a 66% decrease in missed opportunities to 
treat malaria

	y Robust digital infrastruc-
ture 

	y Enabling policy environ-
ment, and institutional 
capacity

	y Clear regulatory frame-
works 

	y Access to finance for 
the wider logistics and 
healthcare supply chain

	y Harmonized regional 
drone regulations, talent 
development, and supply 
chain integration

	y Public–private partner-
ships

M-Pesa 	y Advanced radiof-
requency commu-
nications 

	y Advanced data 
analytics 

	y Protective cyber-
security technol-
ogies 

	y Accessibility 

	y Scalability

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 4: scaling 
up and market 
consolidation

	y Expanded financial inclusion, with nearly 
83% of Kenyans gaining access to formal 
financial services within just over a decade.

	y Progressive “test-and-
learn” regulatory envi-
ronment

	y Advanced frontier tech-
nology stack

	y AI-driven credit scoring, 
enabling instant, unse-
cured micro-loans

	y Integration with National 
Digital ID systems 

	y Interoperable digital 
payment rails

	y Alignment with regional 
payment frameworks

Jumia 	y Artificial intelli-
gence (AI) 

	y Advanced data 
analytics 

	y Machine learning  

	y Advanced radiof-
requency commu-
nications 

	y Protective cyber-
security technol-
ogies

	y Accessibility 

	y Scalability

	y Observability of 
outcomes of the 
technology used by 
others

	y Phase 4: scaling 
up and market 
consolidation

	y Enabled digital commerce for 5.4 million 
consumers and 70,000 sellers, supporting 
100,000+ SMEs.

	y Processed 22.3 million orders with $1.1 
billion GMV in 2024.

	y Created income opportunities for 40,000+ 
sales agents and logistics workers.

	y Expanded rural access through 181 pick-up 
stations in 107 towns, with 90% of rural 
users reporting cost savings.

	y Strengthened Africa’s integration into global 
e-commerce via 12,000 cross-border sellers 
and $167.5 million revenue (2024

	y Digital Ecosystem

	y Entrepreneurship & Inno-
vation

	y Financial Inclusion

	y Global Market Linkages

	y Frontier Tech Integration
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Case Study Core Frontier 
Technologies

Determinants 
of technology 
adoption

Phase of 
Diffusion Impact Enabling Environment

Rwanda’s 
IremboGov 
E-government 
Services  

	y Advanced radiof-
requency commu-
nications 

	y Artificial intelli-
gence (AI)

	y Advanced data 
analytics 

	y Protective cyber-
security technol-
ogies 

	y Natural language 
processing 

	y Relative advantage 
over existing solu-
tions

	y Ease of use 

	y Compatibility with 
existing systems

	y Observability of 
outcomes of the 
technology used by 
others

	y Accessibility 

	y Scalability

	y Reduced average service delivery time from 
5 days to 24 hours, with passport issuance 
dropping to approximately 3 days.

	y Saved citizens over 100 million working 
hours (approx. 12–16 million hours annu-
ally) by digitizing manual processes.

	y Mobilized over RwF 350 billion in govern-
ment revenue, securing significantly higher 
compliance with >97% of payments now 
fully digital.

	y Created 7,000+ new jobs through the 
Irembo agent network, extending economic 
access to non-digital users.

	y Scaled service delivery from <10% to >50%, 
integrating over 100 government services 
into a single platform.

	y Processed over 25 million applications 
since launch, with an annual volume of 8.4 
million and transaction value exceeding 
$300 million.

	y Comprehensive legal 
frameworks and national 
strategies ensuring trust 
and standardization

	y Strategic Public-Private 
Partnership model 
driving service innova-
tion and inclusive agent 
networks

	y Digital public infra-
structure anchored by 
a national biometric 
ID system broadband 
connectivity

Hawasa 
Industrial Park

	y Coatings

	y High-specifica-
tion machining 
processes

	y Continuous 
flow chemical 
synthesis

	y Advanced data 
analytics

	y Photovoltaics

	y Photonic sensors

	y Autonomous 
systems operation 
technology

	y Relative advantage 
over existing solu-
tions

	y Ease of use

	y Observability of 
outcomes of the 
technology use by 
others

	y Affordability and 
scalability 

	y Phase 4: scaling 
up and market 
consolidation

	y Job creation - 25,000 to 35,000

	y 90% water recycling 

	y Increases in efficiency and productivity 

	y Increased export earnings – up to $44 
million 

	y Strong government 
ownership

	y Clear industrial and 
export-led manufacturing 
strategy

	y Sustainability and 
compliance features

	y One-stop shop services 
that reduce bureaucracy

	y Ready factory sheds and 
core onsite infrastructure
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CHAPTER 4 DATA: THE NEW OIL 
FUELLING FRONTIER TECHNOLOGIES 

DATA, STATISTICS, AND ECONOMIC 
TRANSFORMATION IN AFRICA
The African Union’s Digital Transformation Strategy identifies data as one of the key issues underpinning 
Africa’s economic transformation (chapter 3). Data inform evidence-based governance, policy and strategy 
design, and development. But measures such as the frontier technology readiness index—which aggregates 
components measured with varying precision, uses normative weighting options, and combines indicators 
of readiness with those reflecting actual use (chapter 2)—demonstrate the challenges of using data in 
economic analysis to inform policy. 

Data, including statistics,1 are increasingly recognized as both a response to and a lever for Africa’s 
economic challenges, serving as a diagnostic tool to understand problems and a strategic asset to drive 
solutions for transformation. Data hold a strategic economic asset role underpinning new value creation, 
productivity growth, and competitiveness in digital markets across finance, agriculture, health, logistics, 
energy, and the like. But data gaps inhibit translating economic growth into transformation of livelihoods 
and the structure of economies.2 This is because of the weak connections between data and policy design. 
Economic growth volatility is either a cause or a consequence of poor, vulnerable, or uncertain investment 
and saving decisions by governments, firms, and households—decisions underpinned by data and the gaps 
therein. Traditionally, the reasons behind data gaps have been broadly divided into two categories: capacity 
(human and financial) and enabling environment (governance, systems, and trust). While African countries 
continue to grapple with these traditional challenges, the rapid evolution of technology has emerged as 
either an opportunity for or a threat to addressing or exacerbating existing constraints. 



ECONOMIC REPORT ON AFRICA 2026 GROWTH THROUGH INNOVATION: Harnessing data and frontier technologies for Africa’s economic transformation

 132

The emergence of both opportunities and 
threats is due to the dual nature of data, as 
both an input and an output, as well as to 
data characterizations and the continuous 
increase in data volume. In particular, frontier 
technologies showcase the worth and risk 
exposure of technology-related data to the 
statistics and policy community, which 
includes government, private investors, and 
the data subjects (consumers and producers). 
On data as an input, companies driving frontier 
technologies have fed their systems through 
diverse platforms for knowledge generation, 
which has enhanced technical, cost, time, 
and operational efficiencies. These gains 
constitute one of the discourse dimensions 
on the contemporary value of data relative to 
the traditional viewpoint. 

On data as an output, frontier technologies 
have created large volumes of data with 
high speed, yielding an unprecedented scale 
and scope of data availability for analytics 
and policy insights. Data analytics and 
policy insights have also benefited from the 
resourcefulness of frontier technologies 
through deeper insights and integration of 
varied and new data sources and platforms 
for distilling and sharing statistical outputs. 
Despite the exponential growth in data 
generation and analysis and dissemination, 
uptake of evidence-based policies in Africa 
remains limited. Many African countries 
still rely on legacy systems and fragmented 
formats, making it difficult to convert data 
into actionable insights.

The foregoing underscores the motivation 
behind the search for the value of data in 
this digital era given the diverse ingenuity 
for innovation, economic competitiveness, 
resilience, and national security and overall 
economic growth and development. This 
is because harnessing data and frontier 
technologies through innovation holds the 
potential to drive meaningful economic 
progress and development. But there are risk 
exposures, including potential compromises 
of data privacy and security, external data 
control, data sovereignty, and non-adherence 
to professional standards for official 

statistics–based policymaking. In a data-driven world, no data 
or poor-quality data on a population subgroup also means 
that subgroup is left behind by the many algorithms trained 
on data that score us and run or will soon run many aspects 
of our lives (credit score, social score, facial recognition, and 
the like). Data and decisionmaking support each other in a 
virtuous loop that determines competitiveness (figure 4.1). 
Lacking good-quality data means not benefiting from that 
virtuous cycle and not being competitive in a data-driven 
world.

Figure 4.1 The new data generation cycle:  
The example of artificial intelligence

Figure 4.1 The new data generation cycle: The example of 
arti�cial intelligence
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DATA VALUE CHAINS: THE SIGNIFICANCE OF 
DATA FOR AFRICAN ECONOMIES 
The metaphor “data is the new oil,” first coined by 
UK data scientist Clive Humby in 2006,3 captures the 
essence of the digital economy’s transformation: raw 
data, like crude oil, must be mobilized and refined 
through various stages, infrastructure, analytics, and 
algorithms to unlock its value. In the 21st century, 
frontier technologies—such as artificial intelligence 
(AI), blockchain, Internet of Things (IoT), and quantum 
computing (chapter 3)—have emerged as engines of 
economic growth, each powered by vast volumes 
of continuously generated data. But in Africa, 
limited access to high-performance computing and 
reliable energy infrastructure constrains the ability 

of many institutions to move beyond descriptive 
analytics towards advanced machine learning and AI 
applications.

For African economies, this paradigm shift presents  
a dual challenge: the need to avoid digital dependency 
while leveraging data to leapfrog traditional 
development pathways. With a youthful population, 
expanding mobile penetration, and growing 
innovation ecosystems, Africa is poised to harness 
the data revolution (figure 4.2). But without strategic 
investment in infrastructure, governance, and skills, 
the continent risks remaining a passive consumer in 
the global data economy. 

Figure 4.2 Youth population and internet use in Africa, 2010–2030
 

Note: Data for 2026–2030 are projections.
Source: ECA, compiled from UN World Population Prospects (for population series),  
SDG (for Total internet use), and ITU (for Youth internet use) databases.

0

5

10

15

20

25

30

35

40

45

50

0

200

400

600

800

1000

1200

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

In
te

rn
et

 u
se

 (%
)

Po
pu

la
tio

n 
(m

ill
io

ns
)

Population ages 15+ (left axis)Population ages 15-24 (left axis) Youth internet use (right axis) Total internet use (right axis)

43.6

46.8

624.3

1087.3

9.4

211.6

43.3

345.2

Figure 4.2 Youth population and internet use in Africa, 
2010–2030



ECONOMIC REPORT ON AFRICA 2026 GROWTH THROUGH INNOVATION: Harnessing data and frontier technologies for Africa’s economic transformation

 134

In the digital age, data have become a foundational 
resource for economic competitiveness, national 
security, and innovation. Data-driven technologies 
were projected to contribute more than $100 trillion 
to the global economy by 2025.4 Unlike oil, data are 
non-rivalrous and infinitely replicable, gaining value 
through aggregation and analysis.5 But reaping data 
benefits does not happen without risk of prejudice to 
personal data. Countries have responded by crafting 
national data strategies. For instance, the European 
Union’s General Data Protection Regulation sets 
global standards for data privacy and sovereignty, 
China’s Cybersecurity Law and Data Security Law 
assert control over domestic data flows; and the 
United States relies on sectoral regulations and 
market-driven innovation. In Africa, the African Union 
Commission’s Digital Transformation Strategy for 
Africa (2020–2030) recognizes the foundational role 
of enabling environments, policies, and regulations. 
Consequently, the Malabo Convention on Cyber 
Security and Personal Data Protection, which aims 
to harmonize data governance across borders and 
to support digital trade, entered its implementation 
phase in June 2023. As of 2025, 39 of 55 African 
Union members had enacted data protection laws, 
and 34 had established data protection authorities 
to oversee compliance and enforcement. Despite 
ongoing efforts such as the AU data policy 
framework,6 challenges persist regarding fragmented 
regulations, limited resources, and concerns over 
data sovereignty, especially without connected 
systems and harmonized digital trade rules, and over 
foreign control of infrastructure.

DATA VALUE CHAINS: FROM DATA 
GENERATION TO ECONOMIC 
IMPACT
In the data economy, data are treated as a valuable 
asset, as organizations collect and analyse data 
from internal systems, customer interactions, 
market research, social media, and the like to gain 
a competitive edge. In the contemporary global 
economy, data have emerged as a foundational 
asset that rivals traditional factors of production 

such as land, labour, and capital. The metaphor 
“data is the new oil” has gained traction not merely 
for its rhetorical appeal but also because it captures 
the transformative potential of data when refined, 
structured, and strategically deployed. But unlike 
oil, data are non-rivalrous, infinitely replicable, and 
capable of generating increasing returns when 
aggregated and analysed. Nevertheless, frontier 
technologies trained on recursively generated 
data without quality human input may lead to 
catastrophic outcomes, stressing the importance 
of quality and governance.7 Also, data’s value is not 
intrinsic but contextual, derived from the ability to 
inform decisions, automate processes, and generate 
predictive insights across sectors when aggregated.

The economic value of data unfolds through  
a multistage process, beginning with its generation 
(figure 4.3). Data are continuously produced through 
digital interactions, transactions, sensors, mobile 
devices, and enterprise systems. In Africa, the 
proliferation of mobile phones and the increasing 
penetration of mobile internet have created vast 
streams of behavioural and transactional data, 
which—if harnessed effectively—can inform financial 
inclusion strategies, public health interventions, 
and agricultural optimization. Data generation is 
increasingly ubiquitous, with an estimated 120 
zettabytes of data created globally in 2025, up from 
64.2 zettabytes in 2020.8

As of 2025, 39 of 55 African Union 
members had enacted data 
protection laws, and 34 had 
established data protection 
authorities to oversee compliance 
and enforcement. 
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Source: ECA.

Once generated, data must be stored securely and 
efficiently. This involves databases, cloud platforms, and 
distributed ledger technologies. The rise of hyperscale 
data centres in Europe, North America, and parts of 
Asia reflects the strategic importance of data storage 
infrastructure. Digital Earth Africa stores petabyte‑scale 
satellite and derived datasets in an open data cube 
hosted on Amazon Web Services in Cape Town, ensuring 
long‑term, cloud‑based access. But data storage remains 
a critical bottleneck in Africa, with only a handful of Tier III 
data centres across the continent.9 The lack of localized 
storage facilities on the continent has implications for 
data sovereignty, latency, and regulatory compliance, 
particularly in healthcare and finance, where data 
sensitivity is paramount.

The third stage, processing, entails the cleaning, 
structuring, and transformation of raw data into usable 
formats. This is a prerequisite for interoperability and for 
feeding data into analytical engines. Processing is often 

Figure 4.3 The stages of data value chains
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overlooked in policy discourse, yet it is essential for 
ensuring data quality, reducing bias, and enabling 
meaningful insights. With frontier technologies such 
as machine learning and AI, preprocessing data 
determines the accuracy and fairness of algorithmic 
outputs. For example, biased or incomplete datasets 
can lead to discriminatory outcomes in credit scoring 
or recruitment algorithms, exacerbating existing 
inequalities. AI is also fuelling the growth of low-paid 
“crowdwork” (such as data labelling and annotation), 
much of which is outsourced to developing countries, 
raising serious concerns about compliance with the 
principles of decent work.10

After processing is the analysis phase, where 
statistical models, machine learning algorithms, and 
visualization tools are applied to extract patterns, 
correlations, and forecasts. This stage is where 
data begin to generate tangible economic value. In 
agriculture, predictive analytics can inform planting 
schedules and pest control strategies; in urban 
planning, geospatial data help optimize traffic flows 
and infrastructure deployment; and in public health, 
epidemiological models can anticipate disease 
outbreaks and allocate resources accordingly. The 
analytical capacity of a country or organization is 
thus a key determinant in its ability to convert data 
into actionable intelligence.

In the final stage, monetization, data are directly sold, 
licensed, or used to create value-added services. 
Monetizing data has given rise to a burgeoning 
global data economy, with the European Commission 
estimating the value of the EU data market at €829 
billion in 2022 and projecting it to exceed €1 trillion 
by 2025. In the United States, digital (mainly data-
driven) advertising alone accounted for more than 
$200 billion in revenue in 2023.11 These figures 
underscore the centrality of data in contemporary 
business models, particularly in e-commerce, 
financial technology, and digital media.

Value is not evenly distributed across the five stages 
of Africa’s data value chain. African economies 
participate mainly in upstream data generation 
and low‑value storage, while the downstream 
stages of processing, analysis and monetization—
which generate the highest economic rents, 
learning‑by‑doing, and intellectual property—are 
performed in foreign data centres and cloud 
environments. The continent thus effectively exports 
a strategic input (user and transaction data) and 

imports high‑margin finished intelligence and 
digital services. This pattern reinforces structural 
dependence; shifts profits, high‑skill jobs, and 
technological capabilities offshore; and worsens the 
balance of payments through recurrent payments 
for cloud, software subscriptions, and AI services. 
Without clear continental and national rules on data 
governance (including conditions for cross‑border 
transfers, responsibilities of firms handling African 
data, and calibrated localization or local processing 
requirements for strategically important data), 
the data economy risks reproducing an extractive 
model. Africa would again supply the raw material 
(behavioural, financial, health, geospatial, and other 
user data) and perform low-value processing while 
foreign actors capture most of the value at the 
more advanced stages of processing, analysis, and 
monetization.

Without clear continental 
and national rules on data 
governance (including conditions 
for cross‑border transfers, 
responsibilities of firms handling 
African data, and calibrated 
localization or local processing 
requirements for strategically 
important data), the data economy 
risks reproducing an extractive 
model.
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VALUATION OF DATA MARKETS: 
TRENDS, SEGMENTS, AND GLOBAL 
ESTIMATES 
The 2025 System of National Accounts (SNA) 
recognizes data as a foundational asset in the digital 
economy, underpinning production, innovation, and 
value creation across all sectors. Unlike traditional 
inputs, data can be reused and repurposed at zero 
to low marginal cost, enabling increased returns 
when combined with digital technologies. As the 
2025 SNA emphasizes, data play a dual role as both 
an intermediate input and a form of capital, shaping 
productivity, business models, and competitiveness. 
Properly measuring and integrating data into 
economic accounts are therefore critical to 
capturing the full scope of digital transformation, 
ensuring comparability across countries, and 
informing policies that maximize data benefits while 
addressing risks related to governance, equity, and 
sustainability. 

Intangible assets, including data, now account for 
more than 90 per cent of the market value of S&P 
500 companies, up from just 17 per cent in 1975.12 
This shift reflects the growing importance of data-
driven business models, where value is derived not 
from physical goods but from information flows, 

algorithms, and user engagement. In economic 
modelling, data behave differently from traditional 
capital by exhibiting increasing returns to scale, 
as large firms generate or capture more data, 
which improves their products and attracts more 
users. Data also demonstrate decreasing marginal 
utility, where predictive power often plateaus after  
a certain volume. Moreover, data depreciate over 
time, especially in fast-moving markets, as outdated 
information loses relevance and utility. The rise of 
data markets has institutionalized data’s economic 

Intangible assets, including data, 
now account for more than 90 per 
cent of the market value of S&P 
500 companies, up from just 17 per 
cent in 1975.73 This shift reflects the 
growing importance of data-driven 
business models, where value is 
derived not from physical goods but 
from information flows, algorithms, 
and user engagement.
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role. These markets function as platforms where 
data are exchanged, aggregated, and priced. They 
include data-as-a-service providers, open data 
portals, and proprietary exchanges such as AWS Data 
Exchange and Snowflake Marketplace. Data markets 
are evolving rapidly, driven by demand for real-time 
insights, personalization, and automation.

Data market segmentation occurs along several 
dimensions. First, by data type: personal data, 
transactional data, geospatial data, sensor data, 
and health data, each serving distinct purposes and 
commanding different valuations. Second, by source: 
public sector data, private enterprise data, and user-
generated data, each with varying accessibility 
and reliability. Third, by use case: marketing, risk 
modelling, supply chain optimization, urban planning, 
and scientific research, each requiring specific data 
attributes and formats.

Valuation within these markets is highly contextual. 
Personal data, often used for targeted advertising, 
command high prices due to granularity and 
behavioural insights. Financial data are valued for 
predictive power in credit scoring and fraud detection. 
Health data, particularly genomic and clinical 
datasets, are among the most valuable due to utility 
in drug discovery and personalized medicine. The 
global data monetization market is projected to grow 
from $4 billion in 2023 to more than $40 billion by 
2034, with a compound annual growth rate of 25 per 
cent.13 The global data analytics market generated 
revenue of $69.5 billion in 2024 and is expected to 
reach $302 billion by 2030. With 230 data centres as 
of August 2025, up from just 120 in October 2024, 
Africa accounts for less than 2 per cent of global 
capacity (see figure 4.4 for the distribution of data 
centres in the 10 African countries hosting the most 
data centres). It recorded $3.49 billion in investment 
in 2024, with $6.8 billion projected in 2030.

Source: Data Center Map (https://www.datacentermap.com).
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Despite this growth, several challenges persist. 
Pricing mechanisms remain opaque, with limited 
standardization across platforms. Data provenance 
and quality assurance are often difficult to verify, 
raising concerns about reliability and ethical use. 
The commodification of personal data has sparked 
debates about privacy, consent, and digital rights. 
Scholars have critiqued the rise of “surveillance 
capitalism,” wherein user data are extracted and 
monetized without adequate transparency or 
accountability.14 Major data collecting companies 
in African are not African, meaning that Africa may 
be giving high-value data for free to companies 
outside the continent. Beyond the data sovereignty 
risk, foreign companies may use these data to 
outcompete African companies. 

Although Africa-owned data centres are an initial step 
in making the data economy benefit African countries, 
expanding Africa’s data centre footprint cannot 
be treated in isolation from the continent’s energy 
challenges. Data centres are electricity‑intensive 
infrastructure whose competitiveness and reliability 
depend on stable, affordable power and resilient 
grids. In countries where firms and households 
already face frequent outages and high tariffs, 
uncoordinated promotion of data centres risks 
exacerbating existing energy deficits or driving 
operators to rely on expensive, carbon‑intensive 
backup generation. Instead, the data centre agenda 
must be explicitly integrated into national and 
regional power sector planning, including investment 
in transmission, flexible baseload, and renewables, in 
line with Africa’s climate and industrialization goals.

THE VALUE OF DATA AND 
STATISTICS FOR DRIVING 
SUSTAINABLE AND INCLUSIVE 
DEVELOPMENT 
Data and official statistics are foundational to 
informed economic governance, as they enable 
evidence-based decisions that are transparent, 
accountable, and responsive to citizen needs. Official 
statistics guide resource allocation, policy design, 
service delivery, and monitoring of national and global 
development objectives. Data and statistics’ role is 
particularly critical for addressing economic shocks, 
reducing inequalities, and ensuring that targeted 
policy interventions reach marginalized populations, 
thus promoting sustainable and inclusive growth. For 
instance, high-quality statistics offer granular insights 
into societal conditions, empowering governments 
and partners to act on timely and reliable evidence. 
Modern data governance frameworks ensure these 
insights are relevant, ethical, and efficiently shared. 
Effectively using robust data also supports sound 

Although Africa-owned data centres 
are an initial step in making the 
data economy benefit African 
countries, expanding Africa’s data 
centre footprint cannot be treated 
in isolation from the continent’s 
energy challenges. 
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fiscal policy, environmental management, and health 
and education service delivery and fosters public 
trust—all vital to improving people’s welfare.

Investment in data and official statistics consistently 
yields high economic and societal returns. Every  
$1 invested in data and statistical systems offers up 
to $32 in benefits through improved policymaking,  
efficient public spending, and prevention of costly 
policy errors.15 Government analytics and data 
initiatives have documented returns as high as 8:1, 
with additional gains in operational transparency and 
citizen trust.16 

Governments, with their transformative role, should 
systematically invest in strengthening national 
statistical systems and building resilient, modern 
data infrastructure. Such investment underpins 
sustainable and inclusive growth, ensuring 
responsive, fair governance and maximizing the 
collective benefits for all.

Governments, with their 
transformative role, should 
systematically invest in 
strengthening national statistical 
systems and building resilient, 
modern data infrastructure. Such 
investment underpins sustainable 
and inclusive growth, ensuring 
responsive, fair governance and 
maximizing the collective benefits 
for all.
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DATA VERSUS OIL: A NUANCED 
ANALOGY AND THE ADVANTAGES 
OF DATA FOR AFRICAN ECONOMIES 
While the metaphor “data is the new oil” captures 
the economic centrality of data, it oversimplifies key 
differences. Oil is a finite, rivalrous resource that is 
consumed upon use, whereas data are renewable, 
non-rivalrous, and capable of being reused and 
recombined. Oil extraction is geographically 
concentrated and geopolitically sensitive; data 
generation is ubiquitous and can be democratized, 
though its control remains uneven.

Both resources require infrastructure: pipelines for 
oil, fibre optics and cloud storage for data. Both 
require refining: crude oil through distillation, raw data 
through analytics and machine learning. And both 
necessitate governance: oil through environmental 
regulation and trade agreements, data through 
privacy laws, cybersecurity protocols, and ethical 
standards. 

However, scalability and versatility make data 
uniquely suited in the digital age. Data can be used 
simultaneously by multiple actors, integrated across 
sectors, and leveraged for both commercial and 
public interest purposes. This makes data not just 
a commodity but a strategic enabler of innovation, 
inclusion, and resilience.

For African economies, the analogy serves as a call to 
action. Just as oil-rich countries invested in extraction, 
refining, and distribution infrastructure, data-rich 
countries must invest in digital infrastructure, 
analytical capacity, and governance frameworks. 
The goal is not merely to extract value from data but 
to build ecosystems where data serve development, 
equity, and sovereignty.

The global data landscape is dominated by tech 
giants such as Amazon, Google, Meta, Microsoft, 
and Tencent, which operate massive data centres, 
cloud platforms, and AI models that process billions 
of data points daily. Their market capitalization, each 
exceeding $1 trillion, reflects the monetization of 
data across advertising, logistics, healthcare, and 
finance.

Again, the analogy to oil is instructive: just as 
oil catalysed industrialization, data fuel digital 
transformation. However, this concentration  
of data power raises concerns about monopolies, 
surveillance, and digital colonialism,17 especially in 
regions such as Africa, where local data infrastructure 
remains underdeveloped. 

The analogy to oil is instructive: just 
as oil catalysed industrialization, 
data fuel digital transformation. 
However, this concentration of 
data power raises concerns about 
monopolies, surveillance, and 
digital colonialism,74 especially 
in regions such as Africa, where 
local data infrastructure remains 
underdeveloped.
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FOUNDATIONS OF A DATA-DRIVEN 
ECONOMY: LEVERAGING DATA AS A 
KEY ASSET FOR ADVANCING FRONTIER 
TECHNOLOGIES
After demonstrating the importance of data value 
chains—through data generation, capture, storage, 
processing, organization, analysis, and information 
generation—and exploring data markets, this  
section highlights data’s crucial role in frontier 
technologies. It emphasizes how data enhance 
economic sectoral performance and drive ripple 
effects through technology value chains, impacting 
national, regional, and international economies.

DATA AS “NEW OIL,” FUELLING 
FRONTIER TECHNOLOGIES: 
THE TWO-WAY RELATIONSHIP 
BETWEEN DATA AND FRONTIER 
TECHNOLOGIES 
Without data, frontier technologies cannot function 
effectively. These technologies rely on transforming 
data into actionable capabilities. Data are used  
in various ways across frontier technologies, 
including blockchain, IoT, robotics, AI and machine 
learning, advanced automation, biotechnology, and 
smart cities. 

Blockchain. Blockchain is one of the main frontier 
technologies that liaise with data. It is a secure, 
shared database where real-time information is 
accessible to all participants in a network.18 But 
unlike traditional databases that store data in tables, 
blockchain stores data in digitally linked blocks 
(digital containers that store data).19 Blockchain is 
most often used as a digital ledger technology for 
organizing transaction data.20 Thus, without data, 
blockchain cannot function.

IoT. Blockchain has a key application in IoT.21 The 
IoT enables digital interconnection across machines, 
industries, and supply chain partners, generating and 
exchanging large volumes of data, and blockchain 
secures these networks against attacks and data 
tampering. IoT can function as both a use case for and 

a complement to blockchain, and both depend heavily 
on data.22 Combining IoT with data and analytics 
enables innovation and operational efficiency. 
Three data-focused criteria can be used to evaluate 
whether an IoT platform can meet organizational 
requirements: data management, integrating diverse 
datasets; cloud infrastructure ownership, ensuring 
data control; and edge processing,23 enabling local 
analytics without cloud reliance.24 Combining 
digitized machinery with IoT and data streams 
enhances supply chain efficiency.25

Robotics. While robotics has many applications, data 
remain essential, especially in emerging areas of 
these applications. Robotics technologies compare 
new data with stored information to determine the 
best course of action and generate data by integrating 
information technology with operational technology, 
enabling predictive maintenance and smoother 
operations.26 Robotics also supports data science 
tasks such as data cleaning, automation, analytics, 
and anomaly detection. Furthermore, robotics is 
increasingly integrated with AI and machine learning. 
Although not all robots use AI, future advancements 

Without data, frontier technologies 
cannot function effectively. These 
technologies rely on transforming 
data into actionable capabilities. 
Data are used in various ways 
across frontier technologies, 
including blockchain, IoT, robotics, 
AI and machine learning, advanced 
automation, biotechnology, and 
smart cities. 
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in robotics will be closely tied to progress in AI, lower 
costs of mobile components, and innovations in 
materials and design.27

AI and machine learning. AI and machine learning 
are fundamentally data driven. They are not only 
applications within robotics that automate and 
organize data, but they are also closely linked to 
data science—terms often used interchangeably, 
despite key differences. While AI, machine learning, 
and data science are interconnected, they serve 
distinct purposes: Artificial intelligence relies on 
continuous data input to improve decisionmaking 
over time. Machine learning uses algorithms to 
learn from data and make predictions. Data science 
focuses on managing, processing, and interpreting 

large datasets to support decisionmaking.28  AI 
increasingly depends on large and diverse data 
sources, known as “big data.”29 These datasets 
feed machine learning models, enabling them to 
learn and enhance performance without explicit 
programming. Despite their differences, the common 
thread among AI, machine learning, and data science 
is data.30 Without data, none of these technologies 
can function. Figure 4.5 illustrates how AI, machine 
learning, and deep learning31 in technology and data 
science are interconnected and build on one another. 
It also highlights different types of data, including 
structured data and unstructured data (also called 
rich data),32 and how they are combined with big 
data to support advanced analytics, insights, and 
decisionmaking. 
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Figure 4.5 Types of data and technologies

Source: ECA.

Advanced automation. A key feature of AI, machine learning, blockchain, IoT, and robotics is their ability to 
automate tasks. Advanced automation integrates these and other technologies to deliver intelligent, adaptive, 
and efficient systems.33 Like other frontier technologies, advanced automation depends on data, using 
data as an input and generating data as an output. For instance, it enables real-time data processing at the 
network edge, maintains data integrity and system reliability, and incorporates communication protocols and  
network architecture for seamless data exchange.34

Figure 4.5 Types of data and technologies
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Biotechnology. Biotechnology, combining biology and 
technology to improve quality of life, intersects with 
data through gold biotechnology, which analyses 
biological data, and purple biotechnology, which 
focuses on data protection.35 Biotechnology also 
integrates with data science in biotechnology data 
analysis and analytics.36

Smart cities. Smart cities integrate frontier 
technologies with urban areas. Smart cities use 
IoT devices, software solutions, communication 
networks, and other technologies such as application 
programming interfaces, AI, cloud computing, 
dashboards, machine learning, machine-to-machine 
communication, mesh networks, and digital twins.37 
Mesh networks link devices to multiple nearby 
devices, allowing data to be passed along alternate 
paths so the network continues to function even if 
one device fails. Digital twins are virtual models of 
physical systems that use real-time data to track 
performance, test scenarios, and anticipate potential 
problems before they occur. Like other technologies, 

smart cities rely heavily on data. For example, 
they use surveillance and sensor data to optimize 
traffic, energy use, public safety, and city services 
in real time, making urban living more efficient 
and responsive and enhancing citizens’ quality of 
life.38 This approach highlights the need for strong 
data governance and cybersecurity frameworks to 
safeguard privacy, prevent misuse, and maintain 
public trust, since smart cities also face risks such 
as excessive surveillance, data breaches, digital 
inequality, and dependence on complex technologies 
that may fail or be exploited. 

Table 4.1 summarizes the interaction between 
frontier technologies and data, showing data as input 
(raw material) and output for frontier technologies. 
The next subsection explores the importance of data 
from frontier technologies in performance across 
economic sectors. 
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Table 4.1 Summary of the interactions between frontier technologies and data

Frontier technology Data as input Data as output

Blockchain
Uses data to validate, record, and 
secure transactions in an immutable 
and decentralized ledger.

Transaction data, secure data, block 
metadata, and audit trails, which record 
immutable details of digital exchanges.

Internet of Things

Uses data collected from 
interconnected devices to monitor 
conditions, trigger responses, optimize 
device interactions, and enable real-
time decisionmaking.

Real-time data and sensor readings, 
device telemetry, usage statistics, and 
event alerts from interconnected devices.

Robotics

Uses data from sensors, cameras, 
and control systems to perceive 
environments, detect objects, perform 
complex tasks, control movements, 
make decisions, and execute precise 
physical actions.

Sensor data, movement logs, task 
completion reports, and environmental 
interaction data.

Artificial intelligence

Uses data from large volumes to train 
models, simulate human intelligence, 
detect patterns, make predictions, and 
make intelligent decisions, all while 
adapting over time.

Inference data, organized and classified 
data predictions, anomaly detections, 
and recommendation scores, based on 
processed input data.

Machine learning

Uses historical data, real-time data, 
structured data, and unstructured 
data to train models and algorithms, 
optimize performance, generate 
predictions, and automate insights 
over time.

Model predictions, classification labels, 
confidence scores, and training metrics.

Biotechnology

Uses biological data, such as genetic, 
cellular, or molecular information, 
to analyse biological systems 
and develop medical, agricultural, 
bioengineering, and genetic solutions.

Genomic sequences, biological assay 
data, lab experiment results, clinical 
outcome data.

Advanced 
automation

Uses data from sensors, machines, 
processes, systems, and user inputs to 
perform repetitive and complex tasks 
with minimal human intervention and 
high efficiency.

Process execution data, task execution 
data, error logs, efficiency metrics, and 
system status updates from automated 
tasks.

Smart cities

Collects, uses, and analyses integrated 
data from transportation, energy, 
public services, citizens, and the 
environment to manage infrastructure; 
improve urban services, operations, 
planning, sustainability, and quality of 
life; and enhance decisionmaking.

Urban sensor data, integrated urban 
data, traffic flow information, energy 
use statistics, air quality indices, 
environmental conditions, public safety 
alerts, and citizen feedback logs.

Source: ECA. 
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HOW DATA FROM FRONTIER TECHNOLOGIES ENHANCE ECONOMIC AND 
SOCIAL SECTOR PERFORMANCE 
This subsection shifts the focus to data, particularly the data generated through frontier technologies.  
It explores how these data can be leveraged to improve performance in finance, agriculture, manufacturing, 
transport, trade, health, education, and governance (figure 4.6).39 Across all these sectors, data play a vital role 
in guiding decisions, from initial project planning to ongoing monitoring, adjustments, and final evaluations. 

Figure 4.6 The data-driven economy through frontier technologies

Source: ECA. Finance. Finance stands out among the sectors 
most positively influenced by data from frontier 
technologies, especially blockchain, IoT, and AI. 
These technologies generate data that play a 
critical role in transforming financial services. The 
growing availability of data in finance has driven 
the adoption of AI techniques, reshaping how  
the sector operates.40 Data support all actors in the  
financial value chain, from institutions that provide 
financial services to individuals, businesses, and 
governments that use them. For financial institutions, 
access to real-time, high-quality data enables broader 
outreach, especially through financial technology 
solutions and mobile banking platforms. Data have 
allowed many African countries to achieve financial 
inclusion, through advanced digital finance. For 
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Across all sectors, data play a vital 
role in guiding decisions, from 
initial project planning to ongoing 
monitoring, adjustments, and final 
evaluations. 
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example, in 2024, the Central Bank of Rwanda further 
advanced digital finance by launching a pilot for a 
central bank digital currency, the Rwanda e-Franc. The 
initiative aims to promote financial inclusion, reduce 
transaction costs, and provide a secure, regulated 
alternative to private cryptocurrencies. The pilot is 
being tested through a closed user group involving 
selected financial institutions.41 This not only expands 
access to financial services but also grows customer  
bases and drives increased revenue.

The benefits go beyond the providers. Individuals 
and businesses, especially micro, small, and medium 
enterprises, gain greater visibility and trust within the 
financial system. Using data-driven insights allows 
lenders and investors to more accurately evaluate 
creditworthiness, close information gaps, and 
develop financial products that are more inclusive 
and tailored to real needs. As a result, micro, small, 
and medium enterprises can access financing more 
easily and on better terms, enabling them to grow, 
innovate, manage cash flow more effectively, and 
maintain long-term sustainability. By using data to 
boost earnings, financial institutions also enhance 
their ability to make informed decisions, incorporating 
data analytics to spot trends, build forecasts, 
and solve complex financial modelling scenarios.  
AI-driven tools can assess borrowers’ 
creditworthiness more efficiently, streamline 
underwriting, and optimize portfolio management.42

Risk management is another area where frontier 
technology data have a major impact. Financial 
institutions can detect fraud more effectively 

and assess potential risks with greater accuracy. 
For instance, a pyramid scheme disguised as a 
cryptocurrency investment defrauded hundreds of 
Rwandans through the Telegram and WhatsApp 
platforms. Thanks to data generated by frontier 
technologies, the Rwanda Investigation Bureau 
arrested key suspects and launched a nationwide 
public awareness campaign on digital scams.43

On the user side, access to risk-related data allows 
individuals and businesses to make better investment 
decisions and select loan products more confidently. 
Moreover, the data-driven expansion of financial 
services has broader implications. Increased access 
to financial products empowers consumers by 
offering more personalized services and unlocking 
deeper insights for investment. For clients with limited 
credit history, data analytics can open doors to credit 
through alternative credit scoring, thus enhancing 
financial inclusion. Governments also benefit from 
these advancements, since as financial activity 
grows, so does the tax base, allowing for higher 
public revenue. Technologies such as blockchain 
and automated monitoring systems also combat tax 
fraud and evasion, making financial systems more 
transparent and accountable. 

Finance stands out among the 
sectors most positively influenced 
by data from frontier technologies, 
especially blockchain, IoT, and AI. 
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Agriculture. Data, especially big data, play  
a transformative role in agriculture. Data not only 
increase farm income when used effectively but 
also streamline every stage of fieldwork, from 
selecting the right crops and preparing the soil 
to planting and harvesting. One of the most 
valuable contributions of data, processed through 
AI and machine learning, is the ability to forecast 
weather conditions, including rainfall. Accurate 
predictions are vital, as rainfall influences which 
crops can be cultivated during specific seasons. 
Equally important is understanding the soil itself; 
by analysing data, farmers can identify which crops 
are best suited to their land, maximizing yield  
and profitability.

AI-driven data insights also guide when, where, and how fertilizer should be applied, ensuring efficiency  
and reducing waste. In addition, drones used for irrigation help reduce reliance on unpredictable rain 
patterns. When combined with geospatial data, they can accurately target specific areas, improving water use  
and crop health. The data collected by AI-equipped drones, covering moisture levels, soil composition, 
and crop condition, are instrumental in boosting yields and minimizing waste, laying the groundwork for 
precision agriculture. Integrating IoT and AI also enables real-time monitoring of plant development, helping 
farmers adjust irrigation, solar energy use, and fertilizer application as needed. Agribusiness also has an  
important role in this ecosystem. With the right data, agribusinesses can enhance productivity and drive higher 
economic returns. 

Data, especially big data, play a 
transformative role in agriculture. 
Data not only increase farm income 
when used effectively but also 
streamline every stage of fieldwork, 
from selecting the right crops and 
preparing the soil to planting and 
harvesting. 

An African farmer in his field with a tablet in his hand, technology in agriculture in Africa..© Adobe Stock
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Data are increasingly being used in agriculture for 
economic transformation in Africa. The United 
Republic of Tanzania and South Africa provide  
two examples. 

“Agriculture remains the backbone of Tanzania’s 
economy, and data innovations are transforming this 
sector. In 2024, the government launched the Data 
for Digital Agricultural Transformation program to 
leverage frontier technologies for farming. Under 
this initiative, digital platforms are being introduced  
to deliver real-time data to farmers—such as weather 
forecasts, pest outbreak alerts via mobile phones, 
and market price information through SMS services. 
Drones and satellite imaging are also being piloted to 
monitor crop conditions (for instance, assessing crop 
health or drought stress from aerial imagery). Early 
results show increased yields and resilience where 
these tools have been tested. Farmers receiving SMS 
price updates have been able to negotiate better and 
decide when and where to sell produce, improving 
their incomes. Remote sensing data has helped 
predict harvests and guide agricultural extension 
services to areas in need of support. In Dodoma and 
other pilot regions, smallholder farmers have reported 
improved decision-making, such as optimizing 
planting dates based on weather analytics. This 
use of data thus contributes to food security and 
economic empowerment in rural communities.”44 

South Africa is advancing smart agriculture in the 
Western Cape by leveraging data from three key 
frontier technologies: IoT sensors that monitor soil 

conditions and crop health, AI systems that predict 
weather trends and pest outbreaks, and drones and 
automation technologies that enhance efficiency  
and optimize farming operations.45 

Manufacturing. Manufacturing enjoys advantages 
from data derived from frontier technologies. For 
instance, big data analytics and the growing value 
of data tracking are reshaping industries throughout 
the private sector, including among micro, small, and 
medium enterprises.46 When combined with cutting-
edge technologies such as machine-to-machine 
communication, IoT, cloud computing, cybersecurity 
tools, advanced robotics, AI, smart sensors, 
augmented and virtual reality, and three-dimensional 
printing, these innovations are transforming 
manufacturing in South Africa. The government 
there is developing an industrial strategy based on 
economically competitive technology platforms 
that address economic and social imperatives to 
improve competitiveness and prepare for the fourth 
industrial revolution.47 As a result, South Africa now 
ranks among the world’s 30 most diversified and 
integrated supply chains. It holds the leading position 
in Africa on both the frontier technology readiness 
index and the Logistics Performance Index.48 The 
country also boasts one of the largest information 
and communications technology markets on the 
continent, with a particularly strong electronics 
sector. Beyond South Africa, data generated through 
robotics, AI, and machine learning have a critical role 
in driving innovation and efficiency across modern 
manufacturing systems.49 

Transport. Data provided by frontier technologies 
such as blockchain, IoT, and AI are transforming how 
transport systems are managed. The data enable 
secure and efficient online booking systems, helping 
customers make informed choices based on their 
destination or transit points. Transport providers can 
also use the data to enhance services, streamline 
operations, and increase profitability, creating 
mutually beneficial partnerships across companies. 
Data from AI and machine learning also support 
predictive maintenance from sensors embedded in 
vehicles. Machine learning algorithms can process 
sensor data to anticipate maintenance needs, which 
is especially valuable in managing large fleets, such 
as those used in public transit systems.50 

A notable illustration of data for transport in Africa 
is Shuttlers, a Nigerian transportation technology 

South Africa is advancing smart 
agriculture in the Western Cape 
by leveraging data from three key 
frontier technologies: IoT sensors 
that monitor soil conditions and 
crop health, AI systems that predict 
weather trends and pest outbreaks, 
and drones and automation 
technologies that enhance 
efficiency and optimize farming 
operations.
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startup that uses digital tools to improve commuting 
for professionals and organizations in busy cities 
such as Lagos.51 Cofounded by a previous eTrade 
for Women advocate for English-speaking African 
countries, Shuttlers focuses on scheduled shared 
rides and data-enabled planning.52 

Passenger and traffic flow management in airports, 
seaports, and bus and train stations is also made 
more efficient through data processed by AI and 
machine learning. Databases from blockchain and IoT 
ensure secure and tamper-proof data recording while 
providing real-time logistics tracking. mentioned In 
intelligent transportation Systems, data, robotics, 
and AI work together to optimize operations, 
enabling smart parking systems, route optimization, 
road safety improvements, flight route planning, 
passenger profiling, air traffic control, baggage 
handling, crew scheduling, fraud detection, and 
intelligent public transport systems.53 Additionally, 
advanced GPS technologies supply vital real-time 
location data that support nearly every aspect of 
modern transportation. 

Trade. The impact of frontier technology data is 
particularly strong in the growing field of e-commerce. 
Today, integrating data with frontier technologies has 
become essential for streamlining trade operations 
and enhancing efficiency. This includes faster 
delivery times, real-time shipment tracking, cost 

reduction, and increased revenue—the core elements 
of modern, data-driven commerce. Using data in trade 
has the potential to substantially accelerate regional 
economic integration, particularly in advancing the 
goals of the African Continental Free Trade Area 
(AfCFTA). 

As digital trade expands, it plays an increasingly 
important role in enhancing the effectiveness of the 
AfCFTA. And a stronger AfCFTA is essential for the 
growth of digital trade across Africa. Through such 
initiatives as the Digital Transformation Strategy 
for Africa (2020–2030) and the AfCFTA Protocol 
on E-commerce, the AfCFTA provides a strong and 
coherent framework for managing data in the trade 
sector, particularly in digital trade. Together, these 
initiatives, which are still under way, could create 
broad opportunities for the continent to harness 

The Digital Transformation Strategy 
for Africa (2020–2030) and the 
AfCFTA Protocol on E-commerce, 
the AfCFTA provides a strong and 
coherent framework for managing 
data in the trade sector, particularly 
in digital trade. 
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frontier technologies and data to advance digital 
trade, improve the quality African citizens’ life, 
strengthen existing economic sectors, support 
diversification and development, and promote 
continental ownership. This approach could position 
Africa not only as a participant but also as a producer 
in the global digital economy.54 

By combining data with IoT, businesses gain better 
visibility across their supply chains. In addition, data 
paired with blockchain technology support secure 
digital transactions, strengthening trading activities 
from the producer to the end consumer and adding 
value at every stage of the supply chain. Data 
combined with frontier technologies contribute to the 
diversification and interconnectivity of global supply 
chains.55 In these dynamic systems, customers 
often become traders themselves, and vice versa. 
Blockchain could bring efficiency gains in several 
other trade areas, including cross-border clearance, 
stakeholder coordination, payment processing and 
trade finance, trade-risk management, trade data 
reporting and management, and traceability of value 
chains and transparency of supply chains, such as 
cargo integrity, corridor management, authorized 
economic operators, and rules of origin.56 

Data combined with AI and machine learning 
can help address complex logistical and pricing 
challenges more efficiently, optimizing revenue 
while cutting down on operational costs and saving 
time. In addition, IoT-generated data support real-
time tracking, enhance risk management, and help 
detect fraud. Blockchain databases further ensure 
transaction transparency and accountability, making 
digital trade not only faster but also more trustworthy. 
In 2020, Morocco’s customs agency launched  
a blockchain-based project in cooperation with DHL 
and the German International Cooperation Agency to 
develop an ecosystem for sharing the data of parties 
to all international transactions (traders, express mail 
service, customs, and the like) in a secure manner 
among stakeholders for improved coordination and 
faster administration.57 Thus, using data from frontier 
technologies positions digital trade as a core enabler 
of scale and competitiveness.

Health. The healthcare sector is experiencing major 
transformations thanks to data powered by frontier 
technologies, as data quality and trust are crucial 
for healthcare. It is one of the fastest-growing areas 
for such innovations. Blockchain databases have  

greatly improved pharmaceutical supply chains  
in several countries. Real Can (also known as 
Ruikang), a China-based pharmaceutical wholesaler, 
partnered with China Zheshang Bank to develop  
a blockchain-based supply chain financial system 
that has enabled faster, more reliable data 
processing, improved assessment of financing 
needs, and streamlined payments across nearly 
1,000 pharmaceutical manufacturers.58 The result: 
stronger upstream supply chain relationships.59

In remote and underserved regions, geospatial data 
combined with drone technology are being used 
to deliver vaccines, medications, and other critical 
treatments, contributing to better public health 
outcomes. Data science, managed by AI and machine 
learning, has revolutionized diagnostics and routine 
medical checkups, helping detect and manage cancer, 
heart disease, diabetes, and even mental health 
issues more effectively. The importance of clinical 
trial data and electronic medical records is growing 
in healthcare, particularly when managed through 
blockchain systems.60 These technologies not only 
ensure data integrity but also allow healthcare payers 
and providers to access trusted information. 

Data from surgical robots, powered by AI, machine 
learning, and deep learning, are assisting surgeons 
with complex procedures by improving precision 
and enabling the early detection of diseases through 
enhanced image analysis.61 Additionally, data from 
IoT devices support real-time health monitoring, 
especially through intelligent remote patient 
monitoring systems, which are becoming essential 
tools for chronic disease management and post-
surgery care. 

While the literature highlights how data, particularly 
from frontier technologies, has enhanced the 
health sector for economic transformation, some 

While the literature highlights how 
data, particularly from frontier 
technologies, has enhanced 
the health sector for economic 
transformation, some African 
countries are implementing  
data-driven health initiatives.
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African countries are implementing data-driven 
health initiatives. In the United Republic of Tanzania, 
the health sector has benefitted from innovative 
data systems such as the Tanzania Immunization 
Registry, implemented in 2016 as part of the 
Better Immunization Data Initiative. The electronic 
immunization registry is integrated with the vaccine 
supply chain system. Health workers in more 
than 3,700 facilities use a digital platform (with 
tablets and barcode scanners) to record childhood 
immunizations and track vaccine stock. This data-
driven approach has improved the accuracy and 
timeliness of immunization records, making it easy 
to identify children who miss vaccines and target 
follow-ups. Early analyses showed increases in  
on-time vaccination rates, as clinics can send 
reminders and ensure no child “falls through the 
cracks.” It also reduced vaccine waste by monitoring 
inventory in real time.62

Education. Data quality and trust are paramount in 
identity systems and education records, which—
while not “statistics” in the publishing sense—are 
foundational data for many indicators (such as school 
enrolment and literacy). In education and vocational 
training, the demand for data-driven technologies 
continues to grow. In 2021, the Rwanda Education 
Board introduced an AI-supported placement system 
to assist in allocating students to public secondary 
schools based on their national exam performance 
and school preferences. While the system aimed to 
increase efficiency and fairness, some schools and 

parents raised concerns about misplacement and 
lack of transparency in how decisions were made. 
As a result, the board updated its school database 
and synchronized it with real-time enrolment figures, 
a public dashboard was introduced to allow students 
and parents to verify placement results, and the 
system’s algorithm rules were published to enhance 
trust and understanding. This case demonstrates 
how transparency, citizen feedback, and data 
validation can improve fairness in automated public 
service delivery.63 

A wide range of data frontier tools have been 
developed to enhance the quality of teaching and 
learning. These include interactive smart boards, 
e-textbooks, educational technologies, augmented 
and virtual reality platforms, metaverse environments, 
and wearable technologies. All these innovations, 
made possible by data, are reshaping how education 
is delivered. They not only simplify the teaching and 
learning process for both educators and students 
but also expand access to quality education and 
advanced training opportunities that were previously  
limited or unavailable, especially in remote or 
underserved areas. Ethiopia introduced a blockchain 
database for identity and education records, 
embarking on a high-profile project with Input Output  
Hong Kong, the company behind the Cardano 
blockchain platform, to create a blockchain-based 
student and teacher ID and academic record system. 
Announced in 2021, this Ministry of Education–led 
initiative aims to issue 5 million secondary school 
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students a blockchain-based digital identity that 
will carry their education records throughout their 
academic life.64 The benefits envisioned include 
reducing fraud (no fake degrees), increasing efficiency 
in recordkeeping (no lost files), and giving students 
a portable, trusted record of their qualifications, 
which could even be used internationally.65 If 
successful, Ethiopia’s project could be expanded 
beyond education to broader digital identity, which is 
fundamental for many public services and statistics. 

The United Republic of Tanzania is another example 
of successfully applying data-driven decision- 
making in education. The country introduced school-
based surveys and analytics to improve student 
wellbeing and learning outcomes and has been 
developing an education management information 

system that collects detailed school data (enrolment, 
attendance, exam results, and infrastructure) on 
a digital platform. The platform allows education 
policies to be more inclusive—ensuring girls, rural 
students, and other groups are not left behind.66

Governance. Data from frontier technologies  
have enabled governments to expand their tax 
base, reduce tax fraud, and combat tax avoidance 
more effectively. Big data also play a key role in  
combating corruption, conducting trend analysis, 
and producing more accurate economic forecasts. 
Blockchain data in particular contributes to 
transparency and helps create sustainable incentive 
systems, while IoT database platforms support 
real-time monitoring of government activities and 
service delivery. Data combined with robotics have 
markedly improved personnel safety in the field, 
especially in high-risk environments, by supporting 
reconnaissance and surveillance missions.67 
Similarly, data from robotics integrated with AI and 
machine learning have an important role in military 
operations, supporting surveillance, reconnaissance, 
and bomb disposal and enabling informed 
decisionmaking based on real-time intelligence.68

Cybersecurity and protecting critical infrastructure are 
key governance areas in harnessing data, especially 
data from frontier technologies, for economic 
transformation. Some African countries, including 
the United Republic of Tanzania and Rwanda, have 
developed a government cybersecurity strategy. 
Recognizing escalating cyber risks, Tanzania’s aims 

Data from frontier technologies 
have enabled governments to 
expand their tax base, reduce  
tax fraud, and combat tax 
avoidance more effectively. 
Big data also play a key role in 
combating corruption, conducting 
trend analysis, and producing  
more accurate economic forecasts.
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to secure the country’s digital infrastructure and data 
assets and ensure a “secure and resilient cyberspace 
for efficient and effective delivery of public services.” 
It lays out objectives such as enhancing protection 
of government information and communications 
technology systems, improving cyber incident 
response, building cybersecurity skills, and fostering 
international cooperation on cyber threats. The 
country has taken measures to monitor and guard 
critical systems (including National Bureau of 
Statistics databases) against intrusion. By 2024, 
Tanzania’s efforts were reflected in improved 
rankings on the Global Cybersecurity Index in Africa.69 
Still, recent incidents have prompted even more 
stringent actions: the government has upgraded 
network firewalls, instituted security audits across 
ministries, and run public awareness campaigns 
on cyber hygiene. These steps aim to protect 
government-held data, as well as the broader digital 
economy, from disruption, thereby maintaining trust 
in digital services and upholding national sovereignty 
in the digital realm.70 

Rwanda was among the African countries most 
targeted by malware attacks in 2023, with 46 per cent 
of industrial control system computers registering 
malicious activity. In response, the country established 
the Rwanda Computer Security Incident Response 
Team under the National Cyber Security Authority.71 
The team operates 24/7 and coordinates with the 
government and the private sector to detect, respond 
to, and mitigate cybersecurity incidents. The use of 
data in governance for economic transformation is 
not limited to cybersecurity. The country adopted 
a national data-sharing policy in 2025, marking a 
major milestone in the country’s data governance 
journey. The policy will foster greater collaboration 
among government institutions, reduce duplication 
of efforts, build a skilled workforce capable of 
addressing frontier digital challenges, and unlock 

the full value of data to support improved, evidence-
based decisionmaking.72 

Spillover effects. The analysis above has shown the 
direct impact of data from frontier technologies on 
sectoral performance. But these data also exert 
indirect effects across the economy. For example, 
data-driven innovations in finance can boost 
agricultural development by improving access to 
credit and insurance. Such indirect effects of data 
from frontier technologies are often multilayered, 
reflecting the deep interconnection between sectors, 
and can result in broad spillover effects. Even 
sectors that seem unrelated to data from frontier 
technologies may benefit indirectly through these 
links. In this way, data from frontier technologies 
can enhance domestic production more than 
proportionally. These spillovers are not limited to 
national borders; because national sectors are linked 
to those in other countries, regional integration can 
amplify the benefits, forming regional value chains of 
frontier technologies. At a broader level, this extends 
into global value chains, enhancing cooperation and 
technology diffusion worldwide.

Data-driven innovations in finance 
can boost agricultural development 
by improving access to credit and 
insurance. Such indirect effects of 
data from frontier technologies 
are often multilayered, reflecting 
the deep interconnection between 
sectors, and can result in broad 
spillover effects. 
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CONCLUSION
Africa’s economic growth remains volatile, and data 
are increasingly recognized as both a diagnostic tool 
and a strategic asset for driving transformation across 
key sectors. Data characteristics offer business 
opportunities for African economies. Being a defining 
resource in the digital era and described as the “new 
oil,” data are renewable and multiply in value when 
analysed and shared. Data, unlike oil, are not based 
on natural endowment and can be developed owing 
to strategic approaches and business initiatives.  
With a youthful population, expanding mobile 
penetration, and growing innovation ecosystems, 
Africa is poised to harness the data revolution, 
leveraging frontier technologies with suitable 
investment in infrastructure, skills, and regulation.

Moreover, data play a crucial role in various frontier 
technologies. Just as oil has long been a critical 
raw material for the economy, data have become 
essential for powering frontier technologies (data 
becomes the “new oil” powering technological 
advancement). There is a two-way relationship 
between data and frontier technologies: data serve 
as the foundational input for these technologies, and 
frontier technologies process and transform data into 
more structured, secure, and usable forms. Chapter 
2’s empirical results highlight a critical distinction 
between readiness to adopt frontier technologies and 
readiness to benefit from them. While many African 
countries have made progress in data-generation 
systems, these advances have not consistently 
translated into sustained productivity gains. Adoption 
without complementary capabilities can yield weak 
or even negative outcomes, as firms and public 
institutions struggle to integrate new technologies 
into production processes, decisionmaking, and 
service delivery. 

This gap arises because the capacity of frontier 
technologies to generate transformative outcomes 
depends not only on the availability of data but 
critically on data readiness, including quality, 
representativeness, interoperability, governance, and 
institutional use of those data. While data volumes 
are increasing across Africa, gaps in data readiness 
continue to constrain effective advanced analytics 
and AI. 

Where skills formation, institutional quality, and 
productive capacity lag, data-driven technologies 
tend to remain confined to pilots or parallel systems, 
raising costs without improving efficiency. In 
this context, data governance reforms—covering 
standards, interoperability, privacy, and statistical 
capacity—are not ancillary technical issues but 
core productivity enablers. They determine whether 
digital and data-driven technologies are embedded 
in operational systems and translated into durable 
efficiency gains, rather than remaining isolated 
innovations with limited economy-wide impact. 

African countries have made considerable 
progress in producing data and statistics to inform 
decisionmaking in the region and beyond, particularly 
in official statistics. With the data revolution, Africa 
is increasingly integrating into the data value chain. 
But systemic constraints still limit the emergence 
of strong and inclusive data ecosystems. Two 
critical challenges stand out: the data value chain, 
which still needs to be developed, and the risk of 
biased or incomplete data. This risk is particularly 
salient for AI and machine learning, where biased, 
unrepresentative, or externally sourced datasets may 
distort outcomes, reduce predictive validity, and lead 
to unintended exclusion when models are deployed 
in African contexts. Broader structural, institutional, 
and social factors compound these issues. 

Beyond data, the effective use of frontier technologies 
increasingly depends on access to affordable 
computing infrastructure, cloud services, reliable 
energy, and technical support systems. Limited 
access to high-performance computing and scalable 
cloud resources remains a binding constraint for 
many African institutions seeking to move from 
descriptive analytics to advanced AI applications. 

Addressing these challenges requires prioritized 
action in three areas: strengthening data and 
artificial intelligence governance frameworks to 
ensure trust, equity, and data sovereignty; investing 
in interoperable data infrastructure, computing 
capacity, and specialized skills across the data value 
chain; and fostering regional coordination to enable 
cross-border data sharing, scale, and innovation 
under regional initiatives such as the AfCFTA.
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CHAPTER 5 LESSONS LEARNED, 
OPPORTUNITIES, CHALLENGES, 
AND RISKS IN ADOPTING FRONTIER 
TECHNOLOGIES IN AFRICA

The rapid advancement of frontier technologies offers new opportunities for Africa’s economic 
transformation. But frontier technologies are not new to the continent. Several African countries have 
already been deploying frontier technologies in sectors such as health, agriculture, manufacturing, and  
financial services—demonstrating the continent’s capacity and ongoing engagement with global 
technological progress. 

A complex set of constraints, including fragmented policies, insufficient government support, financial and 
investment barriers, infrastructure deficits, gaps in human and institutional capacity, inability to access 
regional and international market opportunities,1 and issues related to equality and inclusion limit the 
adoption and impact of frontier technologies by African governments, businesses, and communities. This 
restricts the positive impact these frontier technologies could have on a broad range of stakeholders, 
including citizens, entrepreneurs, and public and private institutions. In addition to these challenges, adopting 
frontier technologies comes with considerable risk. These include concerns related to cybersecurity, data 
privacy, technological unemployment, digital divide, dependence on foreign technology, regulations and 
ethics, financial and investment risk, and environmental impact. A comprehensive understanding of these 
challenges and risks is crucial for developing strategies that can unlock the transformative potential of 
frontier technologies in Africa for the benefit of all. 

Chapter 2’s dynamic analysis confirms that frontier technologies do not automatically translate into 
productivity or growth. Skills development and industrial activity consistently emerge as the strongest and 
most durable channels, while finance and information and communication technology infrastructure play 
supporting roles. This explains why many technology initiatives in Africa succeed at the pilot stage but fail 
to scale or deliver economy-wide impacts.

Using a systemic categorization, this chapter provides a framework for rethinking how Africa can navigate 
and address constraints, prioritizing equity, scalability, and sustainability, as outlined in the AU Digital 
Transformation Strategy.2 Building on the groundwork established in the previous chapters, this chapter 
also presents lessons from practical case studies of challenges faced by frontier technology initiatives in 
various sectors across the continent. Furthermore, it discusses unique opportunities on the continent that 
have the potential for scalability and sustainability in promoting economic inclusion and equity as countries 
embrace frontier technologies. The chapter also explores gender and youth perspectives, including issues 
of human capital development through approaches such as mapping the share of graduates in African 
countries across different sectors, notably science, technology, engineering, and mathematics (STEM) and 
information and communication technology. 
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LESSONS FROM SUCCESSFUL INITIATIVES 
Numerous studies, including the findings in chapter 
2 and 3 of this report, indicate that technological 
innovation alone does not ensure successful frontier 
technology programmes and initiatives in Africa. 
Elements such as infrastructure, digital literacy 
investment, technical support, adequate financing, 
and established policy and regulatory frameworks 
also play major roles. The empirical analysis in 
chapter 2 provides a unifying explanation for why 
the outcomes of frontier technology initiatives have 
varied widely across countries and sectors. The 
results indicate that productivity and income gains are 
most durable when technology adoption is coupled 
with skills development and industrial activity. By 
contrast, information and communication technology 
expansion alone generates limited and sometimes 
short-lived effects, consistent with the observation 
that many initiatives deliver visible improvements in 
access or service delivery but struggle to generate 
economy-wide productivity transformation.

This provides an evidence-based lens for interpreting 
the case studies that follow. Successful initiatives 
tend to be those that build human capital  
and institutional capability alongside technology 
or embed technology adoption within productive 
sectors and value chains, where scale, learning, and 
spillovers are possible. Conversely, initiatives that 
focus narrowly on digital tools without addressing 
skills, institutional effectiveness, or productive 
capacity may show early gains but weaker medium-
term impacts. 

Several successful initiatives across key sectors 
demonstrating how these factors contribute  
to positive outcomes are given below. 

ZANZIBAR’S DIGITAL HEALTH ID 
SYSTEM
Zanzibar is transforming its healthcare by moving 
from free services to a social health insurance 
system. Central to this change is Kadi ya Matibabu, 
a digital health card that gives each citizen a unique 
ID and connects them to clinics, making healthcare 
use and costs easy to track in real time. This system 
aims to boost transparency, streamline operations, 
and guide funding decisions based on data.

The Kadi ya Matibabu programme has achieved  
a 92 per cent enrolment rate, involving approximately 
1.6 million residents across all 11 districts and  
268 health facilities.3 Outpatient visits have increased 
by 15 per cent, and patient information processing 
times have dropped by 35 per cent. More than 
500,000 medical transactions a year are recorded 
through integration with the national Matibabu 
Information System and the Ministry of Health’s 
electronic records. Quality improvements are evident, 
with more than 800 digital quality improvement plans 
developed using the PharmAccess SafeCare model, 
resulting in a 20 per cent rise in facility compliance 
scores over the past year.

This integrated approach helps the government 
better allocate resources, ensures fair access to 
services, and supports evidenced-based policy 
decisions as Zanzibar works toward universal health 
coverage. The partnership between the Ministry of 
Health and PharmAccess has rolled out SafeCare–
based quality improvement plans with facility-
specific roadmaps for hospitals and clinics on 
what to fix, in what order, and how to track progress 
across all districts, providing digital plans, an online 
resource library, and benchmarking tools for ongoing  
facility progress.4 

Successful initiatives tend to be 
those that build human capital 
and institutional capability 
alongside technology or embed 
technology adoption within 
productive sectors and value 
chains, where scale, learning, and 
spillovers are possible. 
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SOUTH AFRICA’S BMW PLANT
Frontier technologies are transforming Africa’s 
manufacturing sector. Since 2015, the BMW 
plant in Rosslyn, South Africa, has experienced 
substantial advancements by integrating Industry 
4.0 technologies, focusing primarily on automation. 
The plant employs Internet of Things (IoT)–
enabled robots and uses artificial intelligence  
(AI)-assisted inspections, incorporating visual quality 
checks powered by AI, as well as remote software 
updates. These enhancements have improved 
quality control, system reliability, and accuracy and 
while minimizing waste.5 

As a result, Rosslyn has become BMW’s major global 
supplier of the X3 PHEV, exemplifying how Africa 
can strengthen its position in the global automotive 
value chain. The impact of these automation 
initiatives is quantifiable, with production capacity 
increasing from approximately 71,353 units in 2015 
to a cumulative 403,114 units of the third-generation 
X3 in 2024, a 5.6-fold increase.6 Employment figures 
also reflect positive trends: direct employment rose 
from about 2,900 in 2015 to approximately 3,000 
in 2023, while indirect jobs expanded from around 
5,000 to more than 49,000.7 

By leveraging frontier technologies, Rosslyn 
transitioned from traditional sedan assembly lines 
(3 Series) to a fully retooled facility for the X3 PHEV. 
This leap enabled the plant to close the technology 
gap rapidly, positioning Rosslyn alongside BMW’s 
newest plants in Europe by achieving Industry 4.0–
ready production capabilities.8

Frontier technologies 
are transforming Africa’s 
manufacturing sector. Since 
2015, the BMW plant in Rosslyn, 
South Africa, has experienced 
substantial advancements 
by integrating Industry 4.0 
technologies, focusing primarily 
on automation. 

Photo: Aerial view of the BMW Plants-Rosslyn, South Africa. © Umbra Lab, Inc., CC BY 4.0, via Wikimedia Commons
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TOGO’S LAND INFORMATION 
SYSTEM
Togo digitized its land registry using a modern 
land information system built on geographic 
information system mapping tools, relational 
geospatial databases, electronic document 
management systems, and web-based e-government 
platforms, all integrated with the national digital 
ID. As of 2022, the country has digitized more than  
99 per cent of land titles, and the land registry is now 
fully dematerialized.9

Holding a legal land title in Togo increased the 
probability of agricultural investment by 13 per cent, 
and where customary rights (as opposed to formal 
title) existed, the increase was 21 per cent compared 
with no recognized rights. Digitized land rights are 
strongly correlated with increased investment by 
farmers, which in turn raises productivity, implying 
economic benefits at the household and agricultural 
sector levels.10 Togo’s digital land registry facilitates 
secure land title registration, boosting farm-level 
investment and productivity, which then raises 
agricultural output, rural incomes, and food security.

EGYPT’S E-TAX SYSTEM 
In 2022, Egypt rolled out a national e-invoicing and 
e-receipt mandate under the e-tax system, requiring 
all taxpayers to issue electronic tax invoices, and in 
2023, it required entities to issue electronic invoices 
in order to import or export or deal with customs.11 In 
2025, the Egyptian Tax Authority (ETA) reported that 
its digital platforms held 3.5 billion e-invoices and 
receipts, a massive database that the government 
says it will use for better tax administration, 
compliance monitoring, and economic analysis.12 
Overall tax revenue growth reached about 30 per cent 
in the 2023/2024 fiscal year, with income tax revenue 
up 36 per cent and value added tax revenue up 23 per 
cent, due in part to e-tax measures such as the unified 
payroll tax system and e-invoicing and e-receipts. 
Average value added tax refund times have fallen to 
24 days from the 45 days stipulated in law, indicating 
a concrete efficiency gain for businesses’ cash flow.13

There is emerging evidence of impact on compliance 
and enforcement. Between 2020, when the e-invoice 
system was launched, and 2023, Egypt’s tax 
authorities collected EGP 8.8 billion ($286 million) 
from 7,305 tax evasion cases that presumably 
would have been harder to detect before the shift  
from paper to digital invoicing.14 A positive, 
statistically significant relationship exists between 
adopting the electronic invoice tax system and 
taxpayer compliance.15 
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LESSONS FROM UNSUCCESSFUL 
INITIATIVES
The success stories highlighted above, along with 
those in chapter 3, clearly demonstrate the pivotal 
role of frontier technologies in driving transformation 
across multiple sectors in Africa. The case studies 
underscore how strategically adopting frontier 
technologies—from digital identity management 
and automation to artificial intelligence and IoT—
can yield tangible, large-scale benefits in health, 
manufacturing, and beyond.

But for policymakers, implementers, and stakeholders 
to learn from past experiences, anticipate potential 
risks, and design more effective interventions, 
it is equally important to consider examples 
where projects have faced setbacks or failed. 
This reflective approach ensures that investment  
in technology and development is effective and avoids 
repeating previous mistakes. The examples below  
illustrate how the absence or weakness of critical 
enablers can undermine the success of technology-
driven projects. 

AGRICULTURE
Ghana launched the Esoko platform in 2005 to 
provide farmers with direct access to information 
on weather updates, market prices, and agronomic 
advice on their phones. Leveraging frontier 
technologies such as mobile communications, cloud-
based data analytics, and SMS-based information 
delivery, Esoko aimed to empower smallholder 
farmers by increasing their bargaining power while 
reducing harvest losses. The platform harnessed 
mobile connectivity to disseminate real-time market 
and weather data while using digital tools for two-
way communication and feedback between farmers 
and extension agents, ensuring timely access to 
critical agricultural information and advice.16 Despite 
promising uptake in the initial stages, farmers’ long-
term engagement remained very low. In Northern 
Ghana, 81.4 per cent of farmers were aware of the 
digital services available, but only 12.12 per cent had 
consistently used the services.17 The primary reasons 
were low digital literacy, limited internet access, 
and inadequate technical support. Additionally, 
unsustainable finance led to financial deficits 

once donor support was withdrawn, meaning that 
platforms struggled to generate sufficient revenue 
from farmers, who were either unwilling or unable 
to pay for SMS-based services.18 But opportunities 
exist to create a digitalization for smallholders 
that is sensitive to the current and future structural 
limitations of smallholder agriculture, including  
low literacy and limited access to digital tools, to 
ensure agriculture digitalization reaches its full 
potential in Africa.

TRANSPORT
In Nigeria, IoT and its application in several ride-
hailing applications have emerged to compete with 
established players such as Uber.19 Founded in 2014, 
Oga Taxi, was the pioneer indigenous ride-hailing app, 
offering a local alternative for commuters. Another 
indigenous app, T-Cap Rides was founded in 2018 
and introduced a unique feature allowing passengers 
to negotiate fares directly with drivers. In 2017, Alpha 
Rides, also homegrown, sought to disrupt the market 
with different ride options, including office shuttles 
and limousines. GoAfrik, which launched Taxigo 
Nigeria in 2018, aimed to provide a comprehensive 
logistic platform, including taxi booking and courier 
services. All these businesses faced challenges 
related mainly to the frontier technologies used 
and well-funded foreign competitors such as 
Uber, inconsistent policies and regulatory hurdles, 
operational costs, and poor road infrastructure, 
resulting in high vehicle maintenance costs. These 
examples illustrate how indigenous ride-hailing 
platforms may struggle to survive in the absence of 
strong and sustainable infrastructure and financing.

E-GOVERNANCE
Uganda’s biometric National ID system, Ndaga 
Muntu, was launched in 2014 to create identification 
for access to social services in Uganda.20 By 2020, 
25.9 million people were registered, but 17.4 million 
citizens were unregistered due to financial and 
technological barriers, bureaucratic inefficiencies, 
and infrastructure gaps.21 The majority of  
the unregistered population consisted of women, the 
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elderly, and minorities, which posed a challenge to 
accessing healthcare services and welfare benefits.22 
Key challenges associated with the system include 
insufficient transparency, underdeveloped legal 
and accountability frameworks, limited system 
integration, inadequate data protection measures, 
and the lack of effective remedies for those who are 
excluded.

EDUCATION
The New Partnership for Africa’s Development’s 
E-School Program highlights that achieving lasting 
impact requires a comprehensive, multi-stakeholder 
approach that integrates technology, people, finance, 
and governance. The programme was launched 
in 2003 to equip 600,000 African schools with 
computers, internet access, and digital curricula 
within 10 years.23 It failed to achieve its goal by 
2013 due to several factors, including lack of clear 
objectives, misalignment among stakeholders, 
weak institutional capacity, insufficient financial and 
human resources, funding shortfalls after donor and 
partners withdrew, failure to establish sustainable 
financing mechanisms (which hindered scalability 
and disabled the transition from the pilot to continent-
wide implementation), an unreliable electricity 
supply (which left information and communication 
technology labs unused or underused, and limited 
teacher training and support for the programme 
(resulting in minimal integration of digital tools into 
the learning process, further hampering the success 
of the programme).24 

Kenya’s Kissi County Digital Literacy Programme 
was launched in 2016 to integrate digital technology 
into education by providing laptops with e-learning 
content to students in public primary schools 
across the country. More than 20,000 devices were 
reportedly distributed to 23,951 schools by 2020.25 
According to an assessment of 250 primary schools 
in Kissi County, 75.2 per cent  of teachers reported 
difficulty using the computers, highlighting a wide 
gap in digital skills.26 This highlights the necessity for 
capacity building in information and communication 
technology to develop appropriate skills, knowledge, 
and attitudes for the effective use of devices and 
learning support. 

The lessons learned matrix in table 5.1 provides  
a structured approach for synthesizing evidence from 
diverse countries and sectors on adopting frontier 
technologies in Africa. Rather than presenting 
lessons as isolated observations or best practices, 
the matrix organizes learning around six core 
pillars that capture the systemic conditions shaping 
adoption outcomes. The pillars are based on their 
recurrence, explanatory power, and relevance. By 
grounding the pillars in cross-cutting patterns, the 
matrix provides a disciplined basis for synthesizing 
lessons that are both analytically robust and policy-
relevant across African contexts.
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Table 5.1 Lessons learned from adopting frontier technologies in Africa

Political 
leadership

Institutional 
capacity and 
coordination

Financing, 
public-private 
partnerships, 
and fiscal 
sustainability

Sequencing, 
scalability, and 
learning

Human capital 
and digital 
literacy

Productivity, 
structural 
transformation, 
and inclusion

Ensure 
sustained 
political 
leadership, 
bureaucratic 
alignment, and 
institutionalized 
changes. 

Provide 
strong cross-
ministerial 
and national–
subnational 
coordination.

Structure 
financing and 
public-private 
partnerships to 
align incentives 
and allocate risk 
appropriately.

Sequence 
actions around 
enabling 
foundations 
and 
prerequisites.

Scale functional 
digital literacy 
and capability 
for citizens, 
workers, 
and small 
and medium 
enterprises.

Target adoption 
that changes 
firm behaviour 
and productivity.

Use centre-of-
government 
delivery units 
to unblock 
implementation.

Clear 
institutional 
mandates 
across 
regulation, 
delivery, and 
oversight.

Assess full 
lifecycle fiscal 
costs, including 
operations and 
maintenance and 
upgrade cycles.

Scale initiatives 
only where 
political, 
fiscal, and 
institutional 
readiness 
exists.

Design inclusion 
mechanisms 
to prevent 
widening 
divides.

Anticipate 
employment 
impacts and 
manage 
transitions.

Systematically 
document 
and learn 
from stalled 
or reversed 
initiatives.

Develop 
interoperable 
standards 
and shared 
digital public 
infrastructure.

Align donor, 
development 
finance 
institution, and 
private finance 
with national 
technology 
priorities.

Ensure that 
pilot initiatives 
have clear 
criteria for 
scale, exit, or 
redesign.

Align skills 
systems with 
priority sectors 
and labour 
demand.

Link technology 
adoption to 
industrial 
clusters and 
value chains.

Ensure youth 
and gender 
inclusion 
through political 
and budgetary 
commitments.

Build capacity 
in core 
functions 
that enable 
scaling and 
enforcement.

Match capital-
intensive 
projects 
to realistic 
timelines and 
fiscal space.

Embed 
adaptive 
learning, 
feedback, and 
iteration into 
delivery.

Expand 
applied and 
intermediate 
digital skills at 
scale.

Integrate 
informality and 
spatial inequality 
into design.

Transparent 
governance, 
public 
communication, 
and 
accountability"

Strengthen 
cybersecurity 
and data 
protection 
institutions to 
build trust.

 Results-
based and 
performance-
linked funding.

Use peer 
learning and 
regional 
benchmarking 
to accelerate 
diffusion.

Prepare 
workers for 
transitions from 
automation and 
platformization.

Align skills 
deployment 
with sectoral 
upgrading and 
firm demand.

The lessons learned matrix in table 
5.1 provides a structured approach for 
synthesizing evidence from diverse 
countries and sectors on adopting 
frontier technologies in Africa.

Source: ECA elaboration. 
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IMMENSE OPPORTUNITIES TO PROMOTE 
ECONOMIC TRANSFORMATION IN AFRICA 
THROUGH FRONTIER TECHNOLOGIES
Africa is rapidly adopting frontier technologies, such 
as digital payments, advanced logistics, AI, data-
driven platforms, blockchain, cloud computing, IoT, 
mobile connectivity, and geospatial information 
systems, which are reshaping the continent’s 
economy and society. This section highlights how 
these innovations—through initiatives such as the 
African Continental Free Trade Agreement (AfCFTA) 
and the integration of digital systems into education, 
cross-border trade, financial inclusion, agriculture, and 
resource management—present major opportunities. 
It provides an overview of how strategically using and 
governance of these technologies can drive progress 
towards the Sustainable Development Goals  
and support equitable, inclusive growth.

IMPLEMENTING THE AFRICAN 
CONTINENTAL FREE TRADE 
AGREEMENT
Digital technologies are reshaping industries in Africa 
and bringing transformative innovations in trade 
and other cross-border transactions. The AfCFTA 
provides a game-changing framework to boost 
trade-led growth, unlock regional value chains, boost 
competitiveness, and ensure that Africa transitions 
from supplying raw materials to producing high-
value goods and services. AfCFTA implementation is 
fundamentally supported by a unified digital market 
framework that requires integrating digital frontier 
technologies to fully realize the intended benefits. The 
Africa Digital Trade Protocol plays a pivotal role in this 
integration. Adopted as part of the AfCFTA’s broader 
strategy, the protocol aims to create a harmonized 
regulatory environment for digital trade across the 
continent. It establishes common standards on such 
issues as cross-border data flows, e-commerce, digital 
payments, cybersecurity, consumer protection, and 
digital identity. By reducing regulatory fragmentation 
and promoting interoperability, the protocol enables 
African businesses—especially small and medium 
enterprises—to participate more actively in regional 
and global digital markets. Frontier technologies 

are poised to be a transformative force for 
operationalizing the AfCFTA through the Africa Trade 
Gateway, a suite of five digital platforms designed as 
a single window to support and promote African trade 
and AfCFTA implementation.  The gateway digital 
ecosystem comprises  multiple critical enablers 
within the framework established by the Africa Digital 
Trade Protocol:

•	 MANSA, Africa’s due diligence platform, 
provides a single source of primary data for 
conducting customer due diligence on African 
entities, financial institutions, corporations, and 
small and medium enterprises. It also provides 
a complementary collection of information 
on investment in Africa, country profiles, 
and products and services traded by African 
countries. MANSA’s has had a major impact: by 
consolidating reliable data, it reduces information 
asymmetry and mitigates risks associated 
with cross-border transactions. The increased 
transparency and trust accelerate investment 
flows, supports compliance with anti–money 
laundering and counter-terrorism financing 
standards, and reduces the cost and complexity 
of due diligence for African businesses and 
international partners.

•	 The Pan-African Payment and Settlement 
System (PAPSS) was established in July 2019 to 
enable efficient payment for intra-Africa trade in 
national currencies, promoting intra-Africa trade, 
minimizing risk and boosting financial integration 
across Africa, as well as to support AfCFTA 
implementation. It provides substantial benefits 
to end users—including businesses, traders, 
and consumers—by reducing transaction costs 
through local currency payments, expediting 
and enhancing the reliability of cross-border 
transactions, and facilitating greater market 
access for small and medium enterprises and 
entrepreneurs. Additionally, the system fosters 
financial inclusion by integrating unbanked 
populations into the formal financial sector, 
strengthens the security and transparency of 
payment processes, and indirectly contributes to 
more stable economic conditions by supporting 
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improved monetary policy with real-time data 
provided to central banks. The PAPSS network 
has shown steady growth, with Algeria and 
Morocco joining in 2025, taking the total number 
of countries in the network to 18.26

•	 The TRADAR Club is a member-driven network 
aimed at empowering international businesses 
and executives to transform trade and investment 
in Africa through trusted trade intelligence and 
advisory services with innovative digital tools 
and networking opportunities, helping members 
discover new markets, grow their businesses, 
save time, access dedicated expert support, 
post and respond to new business opportunities, 
network, meet business and trading partners, 
and the like. 

•	 ATG Connect serves to connect business service 
providers across Africa. It provides freight and 
logistics connectivity solutions that allow for 

frictionless matching of requests with providers 
on the platform. Customers can obtain quotes 
for the pickup and delivery of goods to and from 
any location in Africa at competitive prices. 

•	 The African Trade Exchange Platform  
is a business-to-business and business-to-
government e-commerce platform launched by 
ECA in May 2022 to help small, medium, and 
large African businesses tap into new markets in 
Africa and optimize their supply chains (box 5.1).

Digital technologies are 
reshaping industries in Africa 
and bringing transformative 
innovations in trade and other 
cross-border transactions.

© Adobe Stock
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Box 5.1 Growing trade opportunities with the African Trade Exchange Platform

The African Trade Exchange 
Platform (ATEX) is a digital tool 
created by ECA and the African 
Export-Import Bank with support 
from the African Union and the 
African Continental Free Trade 
Area (AfCFTA) Secretariat to 
boost trade under the AfCFTA. 
Part of the Africa Trade Gateway, 
ATEX is integrated with the Pan-
African Payment and Settlement 
System to simplify cross-border 
payments and currency conversion 
and offer affordable and secure 
transactions. Its main aim is to 
reduce costs and make intra-Africa 
trade easier, especially for small 
and medium enterprises facing 
high transaction barriers.

ATEX played a crucial role during 
global supply disruptions from the 
Ukraine crisis by helping African 
countries access essential goods 
such as food, fuel, and fertilizer. By 
consolidating demand continent-
wide, it boosts Africa’s market 
power and lowers procurement 
costs. The African Export-
Import Bank supports ATEX with 
financial tools that reduce costs 
and currency risks for vulnerable 
economies. Partnerships, such as 
with the World Food Programme’s 
Food and Agricultural Resilience 
Mission, streamline logistics 

during crises. Major companies 
such as the OCP Group and 
Dangote are interested in joining, 
and pooled procurement is under 
way in several countries. These 
efforts stabilize supply, create jobs 
in logistics and digital services, 
increase local revenues, and 
promote economic diversification 
and higher incomes across Africa.

ATEX’s achievements are 
attributable to robust institutional 
collaboration, effective financing 
mechanisms, and policy 
coherence within the AfCFTA 
framework. Engaging key 
continental organizations such 
as ECA, the African Export-Import 
Bank, the AfCFTA Secretariat, and 
the African Union provides strong 
governance and essential political 
backing. The African Export-
Import Bank’s financial solutions 
specifically address structural 
challenges in African trade finance, 
facilitating broader involvement 
from both government and the 
private sector. Additionally, 
integrating with the Pan-African 
Payment and Settlement System 
ensures that the requisite digital 
infrastructure and payment 
systems are established, enabling 
scalable operations across 
various markets. Collectively, 

this integrated approach—
encompassing policy, finance, 
and digital infrastructure—
cultivates trust and resilience 
while fostering inclusive access to 
trade opportunities across Africa’s 
diverse economies.

Scaling ATEX across Africa 
requires broader participation and 
integration. Regional economic 
communities and the AfCFTA 
Secretariat can deploy ATEX to 
support businesses, governments, 
and stakeholders by boosting 
trade, commerce, and investment. 
Beyond emergencies, ATEX can 
connect African suppliers with 
buyers and strengthen intra-Africa 
value chains. With greater platform 
compatibility, more small and 
medium enterprise involvement, 
and partnerships in logistics and 
digital solutions, ATEX could 
evolve from a crisis tool into a 
driver of economic growth. The 
platform also aims to make trade 
flows more predictable, enhance 
transparency, reduce transaction 
costs, and advance AfCFTA’s goal 
of an integrated African market.
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Integrating these platforms provides a strong 
foundation that is crucial for realizing the objectives 
of the AfCFTA. By digitizing and optimizing the 
trade value chain—from initial matchmaking and 
negotiations on ATEX to payment and settlement 
via PAPSS—these systems substantially lower 
barriers to entry for African enterprises. This 
strategy promotes financial inclusion, increases 
transparency, and contributes to a unified continental 
market. By leveraging frontier technologies, the 
AfCFTA is building the digital infrastructure needed 
to sustain intra-Africa trade, economic growth, and 
industrialization across the continent.

The African Medical Supplies Platform, a joint 
initiative of the African Union’s African Centre for 
Disease Control, ECA, the African Export-Import Bank, 
and African Union Special Envoy Strive Masiyiwa—
launched to ensure equitable access to medical 
supplies during the Covid-19 pandemic—employs 
aggregated demand, transparent pricing, and efficient 
logistics similar to the principles implemented by 
ATEX. Looking ahead, adopting frontier technologies 
such as blockchain can fast-track the AfCFTA 
implementation by providing a tamper-proof 
digital ledger for cross-border transactions and  
regulatory compliance, which increases trust 
and transparency among participating countries. 
Additionally, blockchain can enhance supply chain 
traceability and anti-fraud measures, making it easier 
to monitor the movement of goods and verify their 
origin, quality, and compliance with standards.

IMPROVING EDUCATION 
OUTCOMES 
Education has a major economic value. The African 
e-learning market was estimated at $3.4 billion in 
2024 and is expected to reach $7.7 billion by 2033; 
more than 60 per cent of universities in Africa 
offer online programmes.27 This does not include 
those accessing specialized, shorter courses at top 
universities abroad to learn the specific skills needed 
to compete in global online job marketplaces. 
Frontier technologies present Africa’s growing youth 
population with more opportunities to learn and 
acquire innovative skillsets, narrowing existing gaps. 
Frontier technologies, especially AI, offer a powerful 
opportunity to transform education in Africa, making 
it more accessible, affordable, and responsive to the 
continent’s unique needs. 

Frontier technologies offer innovative solutions to 
address the shortage of teachers, learning materials, 
libraries, laboratories, and role models, as well as 
ways to overcome language barriers, among other 
challenges. In addition to addressing the quantity 
of teachers, these technologies can also enhance 
the quality of teaching. For example, online training 
platforms, virtual classrooms, and AI-powered 
professional development tools can help educators 
improve their skills, stay updated with the latest 
teaching methodologies, and share best practices 
across regions. Given Africa’s linguistic diversity 
(more than 2,000 languages), AI language models are 

Frontier technologies offer 
innovative solutions to address 
the shortage of teachers, learning 
materials, libraries, laboratories, 
and role models, as well as 
ways to overcome language 
barriers, among other challenges. 
In addition to addressing the 
quantity of teachers, these 
technologies can also enhance 
the quality of teaching. © Adobe Stock
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being explored to translate open education resources 
into local languages at scale. The Masakhane project, 
a pan-African research effort, uses AI to machine 
translate math and science lessons from English 
or French into Amharic, Hausa, and Swahili, among 
others.28 This effort brings indigenous knowledge 
production and integration of African languages into 
the global digital arena by drastically reducing the 
cost of translation.29 The community-participatory 
nature of such initiatives creates representative and 
scalable datasets, thereby increasing human capital 
development and laying the foundation for future 
wage and income growth on the continent. 

Machine learning for predictive analysis enables 
learners and educators to identify challenges and 
students with learning difficulties. In Kenya, one 
education nongovernmental organization piloted a 
machine learning model to identify students at risk 
of dropping out based on such factors as irregular 
attendance or low academic scores.30 The model’s 
predictions serve as an early warning system that 
can allocate limited resources (counsellors, grants, 
and the like) to the students who need them most 
and thus improve student retention.31 

Digital tools are improving the teaching and learning 
environment by automating teachers’ routine tasks 
such as grading, content creation, and administrative 
work.32 In Rwanda, more than 75 per cent of 

stakeholders in a secondary school case study 
reported improvements in student engagement, 
academic performance, and operational efficiency 
through the use of real-time insights and automation 
of repetitive processes.33 

LEVERAGING CRITICAL MINERALS 
ENDOWMENT 
Frontier technologies such as digital traceability, 
blockchain, and biometrics are reshaping Africa’s 
mining sector, especially in areas with complex 
supply chains and considerable informal artisanal 
mining. These tools support key policies on 
formalizing artisanal mining and responsible 
sourcing by improving traceability, worker rights, 
and environmental standards. For example, pilot 
projects in the Democratic Republic of the Congo 
use smartphone apps, digital ledgers, and biometric 
systems to track minerals such as cobalt (box 5.2). 
These technological advances not only enhance 
mining operations but also align with key African 
Union strategies, including the Africa Mining Vision 
and the African Green Minerals Strategy. As a result, 
adopting frontier technologies is central to Africa’s 
pursuit of becoming a global leader in ethical and 
sustainable mineral production.
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Box 5.2 Traceability technology for artisanal cobalt in the Democratic Republic of the Congo

In a series of pilot responsible 
sourcing and traceability initiatives 
across artisanal cobalt sites in 
eastern Democratic Republic 
of the Congo, nongovernmental 
organizations, a few forward-
looking processors, and donor 
programmes introduced a 
packaged frontier technology 
solution: a smartphone app 
for site registration with digital 
ledgers (blockchain or tamper-
evident databases) to record 
transactions and simple biometric 
ID and QR codes on metal 
batches. The system linked 
miners, cooperatives, local traders, 
and refiners (who consent), 
creating a verifiable paperless 
chain of custody from pit to plant. 
It reached thousands of miners 
during the evaluation period.1

The pilots produced measurable 
site-level productivity and income 
gains for participating miners: 
evaluation data from the Mutoshi 
pilot found higher output per 
worker during the project and 
reported higher monthly earnings 

for some women (about $34 
a month on average for many, 
with some moving into roles 
paying $100 month).2 Programme 
monitoring by Better Mining and 
partners documented extensive 
engagement.3 Better Mining 
covered roughly 55,000 miners, 
monitored about 20 per cent of 
accessible artisanal cobalt sites 
in the region, and trained and 
provided technical support to 
hundreds of local stakeholders in 
2021.

The pilots also enhanced 
transparency in transactions 
and offtake. Mutoshi and related 
offtake arrangements exhibited 
greater price transparency and 
buyer–cooperative relationships. 
But these arrangements did not 
insulate miners from broader 
global price shocks.4

Programmes created trained local 
roles (monitors, cooperative staff, 
and trainees) and enhanced skills 
and institutional capacity at the 
site level. Still, available reports do 

not provide a consolidated, sector-
wide tally of new formal jobs 
(such as data clerks or logistics 
coordinators) directly attributable 
to traceability technology alone.5

The pilot outcomes align with 
the Africa Mining Vision goals 
(formalizing artisanal mining, local 
value capture, and governance) 
and with the African Green 
Minerals Strategy intent to 
produce critical minerals under 
higher social and environmental 
standards, while illustrating that 
scale, sustained finance, and 
long-term buyer commitments are 
required to convert pilot gains into 
durable, economy-wide impacts.6

1. RCS Global 2021. 
2. Silva et al. 2019. 
3. RCS Global 2021. 
4. Hotter 2023. 
5. RCS Global 2021. 
6. African Union 2009, 2025.

INCREASING INTEREST IN NUCLEAR ENERGY 
Small modular reactors represent a new generation of nuclear technology that advances access and productivity. 
With capacities under 300 megawatt electric per unit, these compact facilities can serve decentralized or 
off-grid applications without the massive infrastructure investment associated with conventional nuclear 
plants.34 Their modular design enables incremental capacity expansion, aligning with Africa’s growing yet 
distributed energy demands. Additionally, their stable baseload complements renewable generation. Thirteen 
African countries—Algeria, Ethiopia, Ghana, Kenya, Morocco, Namibia, Niger, Nigeria, Rwanda, Senegal, 
Tunisia, Uganda, and Zambia—are eyeing nuclear technology integration. In a high-case scenario, nuclear 
capacity could triple by 2030 and increase 10-fold by 2050, requiring more than $100 billion.35 To integrate 
nuclear energy into the energy mix, African countries have to address challenges related to human capacity, 
industrial capabilities, financing resources, appropriate regulations, and supporting infrastructure, including 
infrastructure for waste disposal.
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CREATING JOBS
Frontier technologies and generative AI technologies 
such as ChatGPT and Copilot represent a major 
shift in AI accessibility and utility. Unlike earlier 
breakthroughs confined to specialist domains, these 
tools enable users to perform both routine tasks, such 
as organizing data, and complex creative outputs, 
such as creating text, art, and music. Generative AI 
offers greater potential for enhancing productivity 
by augmenting human labour rather than replacing 
it, particularly in low- and middle-income countries.36 
While AI may displace 92 million jobs globally, it is 
also projected to create a remarkable 170 million new 
jobs, a net gain of 78 million—providing compelling 
support for AI’s impact on job creation.37 Frontier 
technologies thus operate not only as labour-saving 
tools but also as catalysts for entrepreneurship, 
innovation, trade expansion, and new forms of 
employment.

Chapter 2 provides empirical evidence that places 
these labour market effects in a dynamic perspective. 
In particular, the skills pillar exhibits a short-run 
negative effect on productivity before turning 
strongly positive in the medium term. This pattern is 
consistent with the presence of training, reallocation, 
and adjustment costs that initially dominate, even 
when long-run returns to skills and technology 

adoption are substantial. In labour market terms, this 
implies that job displacement and mismatch risks 
are most acute during the early transition phases—
especially in economies with large informal sectors 
and limited reskilling systems—rather than being 
permanent outcomes of technological change.

The policy implication is that labour market 
responses to frontier technologies must be designed 
as transition policies, not just as long-term human 
capital investment. Sequencing matters. Rapid 
technology diffusion without parallel investment in 
skills systems, active labour market policies, and 
social protection can widen inequality and deepen 
skills mismatches. By contrast, sustained investment 
in skills development eventually raises productivity 
and supports job creation as new technologies are 
absorbed, adapted, and scaled across firms and 
sectors.

At the same time, AI’s impact on labour markets 
depends not only on the pace of technology adoption 
but also on non-technological factors, including 
the relative costs of capital and labour, prevailing 
economic structures (including the flexibility of labour 
and product markets), and societal acceptance of 
new technologies and their applications. These 
factors can either amplify or mitigate AI’s effects, 
resulting in vastly different outcomes across sectors 
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and countries.38 The global digital revolution and 
advances in frontier technologies require an adaptive 
and digital skilled workforce. Africa has the most 
youthful population of any region in the world, with 
a median age of 19, compared with 32 in Asia and 
in Latin America, 33 in Oceania, 39 in North America, 
and 42 in Europe.39 This provides opportunities to 
train adaptive, creative, and innovative youth who 
also consume digital and innovative technologies, 
creating a market scope. The youth could be 
supported in leveraging frontier technologies and 
engaging in entrepreneurship through targeted 
training, innovation labs and innovation funds to 
facilitate access to finance, and other measures. 

The ECA Alliance for Entrepreneurial Universities in 
Africa addresses youth and graduate unemployment 
by bridging gaps between academia, research, and 
industry. It fosters partnerships among universities, 
policymakers, and the private sector to update 
curricula, encourage entrepreneurship, and provide 
practical skills training through collaborative projects, 
internships, and mentorships. It also establishes 
innovation labs and startup incubators within 
universities to turn academic research into market-
ready solutions and advocates for innovation funding 
to support young entrepreneurs. The initiative aims 
to produce digitally skilled graduates capable 
of leveraging frontier technologies and driving 
sustainable economic growth in Africa. The primary 
goal of implementing new workplace technologies 
is to enhance productivity and competitiveness. 
This is frequently accomplished by replacing 
human labour with machinery or software, enabling 
automated execution of tasks formerly performed 
by people. Classic examples include the tractor, 
the combine harvester, the forklift, and desktop 
publishing software, all of which have streamlined 
operations and reduced the need for manual effort.40 
Understanding AI’s potential productivity impact 
on different sectors can help in identifying areas of 
human labour likely to be affected. Generative AI 
could unlock $61–$103 billion in economic value 
across Africa.41 In South Africa alone, productivity 
gains from generative AI are estimated to contribute 
approximately 0.5 percentage points to GDP growth 
through automation.42 Furthermore, demand for 
digital skills in Africa (excluding North Africa) is 
expected to grow faster than in other global markets, 
with an estimated 230 million digital jobs expected in 
the region by 2030.43 

The effect of AI on jobs in Africa will be felt 
across multiple sectors, including retail trade, 
telecommunications, consumer packaged goods, 
mining, heavy industry and energy, and banking 
and financial services, given their potential for  
driving unrealized economic value in relation to 
generative AI. 

Retail and wholesale trade is the sector in Africa with 
the highest potential for AI and frontier technology–
related productivity gains and subsequent labour 
impacts. In 2020, Africa had the second highest 
number of people working in the sector globally 
(64.2 million). The sector accounts for 13.9 per 
cent of the continent’s total employment, including 
18.8 per cent of female employment and 10.1 per 
cent of male employment.44 Women dominate the 
sector’s employment, accounting for 58 per cent of 
total employment. Excluding North Africa from these 
figures paints an even starker picture, with women 
accounting for 63 per cent of total employment.45 

Taking advantage of the continent’s comparative 
advantage in herbal medicine

The exceptional depth of Africa’s biodiversity and 
resilient indigenous knowledge system constitute a 
major comparative advantage. Fusing these assets 
with the growing capacity in frontier technologies will 
expose wealth in Africa’s herbal medicine sector. The 
continent is home to about a quarter of the world’s 
plant species, many of which have been studied only to 
the level of extracts. This untapped biological wealth 
can be integrated with AI and bioinformatics for 
compound screening, genomics, and metabolomics 
for target identification, blockchain for traceability 
and intellectual property protection, and advanced 
bioprocessing for scalable production. When this 
happens, Africa can move from being a raw material 
supplier to a global hub in phytomedicine. If supported 
by global institutions such as the United Nations 

Retail and wholesale trade is the 
sector in Africa with the highest 
potential for AI and frontier 
technology–related productivity 
gains and subsequent labour 
impacts. 
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to digitize traditional knowledge, apply data-driven 
validation, and align with global regulatory science, 
Africa is uniquely positioned to lead a new frontier 
where ancestral herbal wisdom is transformed into 
evidence-based technology-enabled therapeutics for 
global health. 

HARNESSING FRONTIER 
TECHNOLOGIES FOR THE 
SUSTAINABLE DEVELOPMENT 
GOALS 
In recent years, frontier technologies have contributed 
to achieving the Sustainable Development Goals 
across several sectors (table 5.2).46 By sustaining the 
current momentum of adopting frontier technologies 
and addressing the gaps in policies, capacity, 
and financing, Africa can close the Sustainable 
Development Goals achievement gaps more quickly 
and become a global case study for inclusive and 
sustainable adoption of frontier technologies. The 
leap from mobile-first to AI-driven, equitable digital 
economies is already under way, and how Africa 
manages this transition will determine whether the 
transformative promise of frontier technologies 
becomes a reality for all, leaving no one behind.

Africa has made progress in 12 of the 17 Sustainable 
Development Goals, but the pace remains too slow 
to meet the 2030 targets. Of 144 measurable targets, 
only about 10 are on track, more than 100 require 
accelerated action, and nearly 30 are moving in the 
wrong direction.47 Frontier technologies therefore 
present one of the most powerful opportunities to 
fast-track progress and bridge this gap.

Digital and frontier technologies such as AI, IoT, big 
data, and biotechnology can positively influence 
up to 128 of the 169 SDG targets.48 When guided 
by inclusive governance and sound policies, these 
technologies can drive progress across health, 
education, agriculture, and climate action while 
reducing inequalities both within and between 
countries.49

Technology’s impact is strongest when aligned with 
national development priorities. Digital innovation 
and better data governance directly improve 
productivity and institutional efficiency across 
Africa’s key sectors.50 AI and frontier technologies 
can also accelerate Sustainable Development Goal 
outcomes in developing economies when supported 
by inclusive, gender-responsive approaches.51

If Africa sustains its momentum in adopting new 
technologies while addressing the remaining policy, 
financing, and capacity gaps, it can narrow the 
Sustainable Development Goal achievement gap 
by 2030. Frontier technologies should be seen as 
tools to advance inclusive growth, environmental 
sustainability, and social equity—not as ends in 
themselves. The continent’s transition from a mobile-
first to an AI-enabled, data-driven economy offers a 
unique chance to leapfrog traditional barriers and 
build digital ecosystems that are equitable and people 
centred. How Africa governs this transformation 
will determine whether the promise of frontier 
technologies becomes a lived reality for all, ensuring 
that no one is left behind on the path to achieving the 
Sustainable Development Goals.

The continent’s transition from 
a mobile-first to an AI-enabled, 
data-driven economy offers 
a unique chance to leapfrog 
traditional barriers and build 
digital ecosystems that are 
equitable and people centred.
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Table 5.2 Frontier technology alignment with the Sustainable Development Goals and Agenda 2063

Note: This table is only illustrative and does not display an exhaustive alignment of frontier technologies with the Sustainable Development Goals 

and Agenda 2063 goals.

Source: ECA elaboration.
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CHALLENGES AND RISKS IN ADOPTING 
FRONTIER TECHNOLOGIES IN AFRICA
While frontier and emerging technologies hold 
great promise for Africa, they also bring a set of 
risks, challenges, and open questions that must 
be addressed to ensure the technology is used 
responsibly and equitably. Most of these have 
been touched upon in sector discussions; here we 
consolidate the key cross-cutting issues.

The Chapter 2 results suggest a practical 
prioritisation of these constraints. The strongest 
and most persistent productivity effects come from 
skills development and industrial activity, implying 
that weaknesses in human capital systems and 
productive capabilities represent the most binding 
constraints on sustained technology dividends. ICT 
deficits remain important but appear to operate 
largely as an enabling condition rather than the main 
driver of durable productivity gains. By contrast, weak 
or volatile effects for R&D and finance suggest that, 
in many settings, these channels are constrained 
by long gestation periods (R&D) and misallocation 
(finance) and therefore require complementary 
reforms to become effective.

CHALLENGES
Infrastructure deficit 

Many regions in Africa experience limited access 
to reliable electricity, broadband, and computing 
resources, which restricts the adoption of frontier 
technologies such as AI systems, particularly those 
relying on cloud computing or big data. Power 
interruptions and high internet costs or slow speeds 
can disrupt technology services—for instance, an AI 
diagnostic tool cannot function without consistent 
power or network connectivity. In addition, the 
continent faces considerable challenges in energy 
transition, as the shift from traditional energy sources 
to more sustainable and renewable options remains 
slow and uneven. One key challenge in Africa is the 
wide disparity in internet connectivity between rural 
and urban areas. The limited access to technology 
infrastructure, including digital devices, remains a 
major barrier to adopting frontier technologies for 
innovation. This, in turn, affects access to education 

and decent jobs especially for youth, underserved 
groups, and the rural population. 

Energy and water consumption 

Another key barrier to adopting frontier technologies 
such as building data centres in Africa is high energy 
and water consumption. Data centres use about 415 
terawatt-hours, or 1.5 per cent of global electricity, 
and a single 1 megawatt site can consume up to 25.5 
million litres of water a year for cooling—equal to what 
around 300,000 people need each day. This strains 
local utilities and raises costs, especially where 
renewable infrastructure is limited, while worsening 
water scarcity. These challenges underscore the 
need for investment in sustainable energy and water 
solutions to enable Africa’s digital growth. For Africa 
to seize the growth and transformation opportunities 
embedded in frontier technologies and growing 
global data centres, a detailed assessment of energy 
and water requirements, investment requirements, 
and potential regional hubs is recommended. 

Data challenges

Data availability and quality. Frontier technologies rely 
on access to relevant, high-quality, and standardized 
data. But Africa continues to experience challenges 
with data scarcity and fragmentation. In healthcare, 
language processing, financial services, environment, 
and agriculture, many local datasets are limited or 
incomplete. For instance, there is a notable shortage 
of medical image collections in African hospitals, 
annotated speech data for diverse African languages, 
and reliable records for agricultural markets. This 
limited data availability hampers the development 
of tailored technological solutions and restricts 
innovation across the continent. 

Data value chains. Efficient data movement across 
collection, storage, processing, analysis, access, 
and use drives innovation and growth. But in Africa, 
gaps persist in official statistics, especially for 
informal economic and social activities. National 
statistical offices are improving administrative data, 
but challenges with integration, fragmented systems, 
and quality issues remain in health, agriculture, 
education, and labour markets.
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Limited access to high-performance computing and 
expensive cloud services hinders local data storage, 
processing, and advanced analytics. While the 
Statistical Data and Metadata eXchange has improved 
accessibility, siloed data across agencies and sectors 
remains a barrier to integration and innovation. 
Clear data-sharing policies and transparent markets 
are essential for allowing collaboration, protecting 
privacy, and enabling African businesses to leverage 
valuable datasets—particularly those owned by 
private firms.

Data and other operating costs. Affordable, reliable 
access to large datasets is vital for AI, IoT, big data 
analytics, and machine learning, yet high data costs 
limit startups and researchers in Africa. Factors such 
as internet pricing, infrastructure, and regulations 
create barriers, with Africa (excluding North Africa) 
facing an average cost per gigabyte 1.3 times the 
global rate in 2023. For many African businesses, 
internet expenses are unsustainable and restrict data 
use, resulting in the region consuming the least data 
globally. Between 2019 and 2024, monthly broadband 
traffic in Africa increased from 77 gigabytes per 
subscription to 159, compared with a global jump 
from 141 to 311.

Digital skills and capacity gaps

Across Africa, the shortage of expertise in advanced 
fields such as AI, IoT, and blockchain limits the 
capacity of public and private institutions to manage 
and analyse data systematically and harness the 
power of data to support frontier technologies. 
Africans account for only 1 per cent of the global 
AI talent pool.52 This strikingly low figure highlights 
both the underrepresentation and the substantial 
skills gap on the continent. Few universities offer 
specialized degrees in these disciplines, and many 
of the continent’s most promising researchers and 
engineers pursue careers abroad, attracted by better 
resources and opportunities. This brain drain means 
that governments and businesses often depend 
on foreign experts or prepackaged technology 
solutions, which can hinder the development of 
locally tailored innovations. Building local capacity 
is essential to ensure that Africa’s adoption of 

frontier technologies is sustainable and inclusive. To 
tackle these challenges, a variety of initiatives have 
emerged. Regional workshops such as Deep Learning 
Indaba bring together students from across Africa 
to learn directly from international experts. Major 
technology companies—including Google and IBM—
are launching training and scholarship programmes 
focused on digital skills and AI development. 
Ethiopia and Nigeria are exploring integrating frontier 
technology education into school curricula to create 
a pipeline of future talent. 

Skills mismatch and gender gap

Advanced skills and capabilities are crucial for 
harnessing the full potential of frontier technologies 
in Africa. While these technologies offer the promise 
of more inclusive economies and societies and 
address environmental concerns, they also render 
some jobs obsolete. The quality of education and the 
mismatch between the skills the education system 
provides and the evolving needs of labour markets 
are challenges in Africa. Digital skills are increasingly 
essential, but only 50 per cent of African countries 
have integrated computer skills into school curricula, 
compared with 85 per cent in other world regions.53 
Similarly, education systems in Africa fail to prepare 
students with the agriculture and agro-processing 
skills required for rural development. This mismatch 
undermines education’s potential to empower the 
youth population to support Africa’s development 
and meet future labour market needs. 

Between 2017 and 2021, the average share of matched 
graduates54  shows persistent skill mismatches 
across African subregions, with none exceeding 53 
per cent proper alignment (figure 5.1).  North and East 
Africa perform better, yet nearly half of graduates in 
those subregions remain mismatched, indicating 
weak labour market absorption. Southern Africa 
shows both high overeducation and undereducation, 
suggesting labour market segmentation and 
credential inflation. Central Africa registered the 
lowest match rate and highest undereducation, 
reflecting inefficiency in graduate employment 
outcomes. 
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Figure 5.1 Education and labour market alignment (%)

Source: ECA elaboration based on ILO (2025a).

Science, technology, engineering, and mathematics occupations and the gender gap

Based on 2022 data from 16 African countries, public administration and community, social, and other 
services host the highest number of STEM occupations (47.7 per cent), followed by trade, transportation, 
accommodation, and food and business services (23.5 per cent) and manufacturing (12.6 per cent) 
(figure 5.2).55 Across six sectors, men accounted for about 69.7 per cent of total STEM employment, women 
for 30.3 per cent . This reflects a persistent gender employment gap in STEM occupations, with the imbalance 
most pronounced in industrial sectors, while service-oriented sectors show greater gender inclusion, with 
women accounting for 49.6 per cent of employment and men for 50.4 per cent. 
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Source: ECA elaboration based on ILO (2025a).

In Botswana and Egypt, the percentage of female 
employees in public administration and community, 
social, and others services is higher than that of 
male employees, (54.0 per cent  versus 46.0 per 
cent in Botswana and 55.8 per cent versus 44.2 per 
cent in Egypt between 2021 to 2023). But in Rwanda 
and Zambia, the gender imbalance is wider, even in 
the public administration and services sector (38.5 
per cent versus 61.5 per cent in Rwanda and 33.1 
per cent versus 66.9 per cent in Zambia). Closing 
this gender and overall employment gap in STEM-
intensive sectors could greatly increase Africa’s 
workforce productivity and economic growth. 

Governance and regulatory preparedness 

Adopting frontier technologies in Africa depends 
on effective governance. While initiatives such as 
the African Union’s Continental Artificial Intelligence 
Strategy and national AI policies are a step forward, 
regulators must balance innovation with safeguards. 
Comprehensive and transparent frameworks are 
required to ensure responsible management, broad 

access, and equitable distribution of benefits 
while mitigating risks. The challenge is twofold: 
a regulatory framework that is too loose may 
enable harmful practices or unchecked risks, 
whereas overly restrictive rules could stifle the 
transformative potential of these technologies. 
The rapid evolution of frontier technologies often 
outpaces traditional policymaking, making it difficult 
for regulations to stay current. To navigate this, 
several African countries have begun to experiment 
with regulatory sandboxes—controlled environments 
where new technology solutions can be tested 
under the watchful eye of regulators. For example, 
Kenya and Rwanda have successfully piloted 
sandboxes in the financial technology sector, and  
similar models could be adapted to oversee and 
innovate in AI-driven healthcare, smart agriculture, or 
digital identity systems. Another pressing concern is 
the fragmentation of standards and policies across 
the continent. 
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The impacts of generative artificial intelligence on 
African jobs 

The widespread adoption of generative AI has 
sparked public interest and debate over societal and 
economic impacts, often without sufficient analytical 
frameworks. For policymakers, researchers, industry 
leaders, and workers, understanding these shifts 
is critical to anticipating implications for labour 
markets, innovation, and governance. Overall, 
generative AI offers greater potential for augmenting 
human labour than replacing it, particularly in low- 
and middle-income countries.56 In the short term, 
developed countries are generally more likely than 
developing countries to experience rapid labour 
market adjustments and rising wage inequality due 
to AI. Generative AI will have a major impact across 
all sectors of industry.57 But for developing countries, 
labour market impacts from rapid technological 
change depend on both domestic innovation and 
technological advances abroad that reshape global 
production and trade patterns.58 

In the context of AI, productivity and human 
labour are related in four important ways, where 
productivity gains achieved through AI affect human 
labour dynamics, often simultaneously, having both 
positive and negative implications (figure 5.3).59 To 
understand the impacts on Africa’s labour dynamics, 

it is thus also necessary to identify how African 
countries are poised to benefit from such productivity 
gains. Over the long term, technological progress 
has generally reinforced—rather than diminished—
the overall demand for human labour. Nevertheless,  
the disruptive impacts of new technologies cannot 
be overlooked, as emphasized in chapter 2. 
Technology-driven job losses tend to occur quickly, 
whereas creating new employment opportunities 
often requires time. Moreover, new jobs frequently 
differ from the ones displaced in terms of industry, 
required skills, and geographic location, increasing 
the risk of worker displacement and presenting 
challenges for policymakers tasked with managing 
workforce transitions.60 

Figure 5.3 The impact of artificial intelligence on jobs

In the context of AI, productivity 
and human labour are related 
in four important ways, where 
productivity gains achieved 
through AI affect human labour 
dynamics, often simultaneously, 
having both positive and negative 
implications.
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Figure 5.3 The impact of artificial intelligence on jobs

Source: Adapted from UNCTAD (2025c). 
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Labour costs play a central role in a firm’s 
decisionmaking on the potential benefits and 
productivity gains from automation. This explains 
why developing countries with abundant low-cost 
labour have experienced limited impacts from 
automation. The generally low wages in many 
developing countries—particularly in the services 
sector—are likely to continue mitigating the 
incentives for automation and reducing the risk of 
job displacement in the near future.61 Furthermore, 
to prevent deskilling and reduce the risk of brain 
drain to developed countries, developing countries 
must enhance labour market opportunities, offer 
continuous upskilling and reskilling to leverage 
new opportunities, and establish clear career 
development pathways.62 Promoting regional 
mobility programmes—such as the African Union’s 
Digital Skills Agenda and human resource mobility 
under the AfCFTA—can also mitigate deskilling. 
These initiatives enable workers to access training, 
certification, and employment opportunities across 
borders, facilitating the sharing of best practices and 
fostering a more resilient and adaptable workforce. 
By supporting regional collaboration on digital 
skills development and harmonizing qualifications, 
countries can better retain talent within the continent 

and ensure that African workers remain competitive 
in the evolving digital economy.

Generative AI has been described as a double-edged 
sword for Africans. On the one hand, it offers the 
potential to expand access to education, training, 
and skills development, enabling African youth and 
others to advance. But on the other hand, disruptions 
in labour markets, together with existing rigidities, 
may exacerbate unemployment and reinforce or even 
amplify existing social and economic inequalities 
across the continent.63 

The challenges matrix in table 5.3 classifies 
challenges of frontier technology adoption by the 
time horizon of policy response. Challenges requiring 
immediate policy attention are those that can quickly 
block adoption, undermine trust, or generate fiscal 
and political risks if left unaddressed. Incremental 
challenges are best tackled through sustained 
programmes and institutional strengthening over 
several years. Long-term structural challenges reflect 
deep-seated constraints such as infrastructure and 
energy systems that require multi-year investment 
and coordination. This matrix can help policymakers 
prioritize actions, sequence interventions, and align 
responses with institutional capacity.

© Adobe Stock
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Table 5.3 Challenges in adopting frontier technology in Africa

Challenge Policy priority tier Why this tier applies Indicative policy focus

Governance and 
regulatory preparedness

Immediate policy 
attention 

Unclear rules undermine 
trust, stall investment, 
and fragment 
implementation.

Minimum viable 
regulation, mandate 
clarity, sandboxes, and 
interim guidance.

Data availability and 
quality

Immediate policy 
attention 

Weak data break 
interoperability, targeting, 
and system credibility.

Priority datasets, 
data standards, 
and interoperability 
protocols.

Data and other operating 
costs

Immediate policy 
attention 

Unbudgeted recurrent 
costs cause post-pilot 
collapse and fiscal 
stress.

Lifecycle costing, 
operations and 
maintenance budgeting, 
procurement reform.

The impact of generative 
artificial intelligence on 
jobs

Immediate policy 
attention 

The impact can be 
job creation, job 
transformation, job 
displacement, or job 
disparities. 

Promoting 
entrepreneurship, 
reskilling, redeployment, 
and inclusion policies. 

Science, technology, 
engineering, and 
mathematics (STEM) 
occupations and the 
gender gap 

Incremental action The gender gap results in 
skills shortages, slower 
innovation, wider income 
inequality, and exclusion.

Inclusive STEM 
education, mentorship, 
and targeted 
scholarships for girls and 
women.

Digital skills and capacity 
gaps

Incremental action Skills pipelines and 
institutional capacity 
take time to build.

Civil service upskilling, 
small and medium 
enterprise extension 
services.

Skills mismatch and 
gender gap

Incremental action Mismatch reflects labour 
market and access 
barriers.

Demand-driven training, 
apprenticeships, and 
targeted gender support.

Infrastructure deficit Long-term structural Infrastructure 
development requires 
large capital investment 
and coordination.

Broadband expansion, 
power, and logistics 
investment.

Energy and water 
consumption

Long-term structural 
change 

Usage depends on the 
energy mix, efficiency, 
and water governance.

Efficiency standards, 
renewables, grid 
upgrades.

 

Source: ECA elaboration. 
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RISKS
Data governance: privacy, sovereignty, and protection 

Managing data growth in the digital era requires 
effective national and regional governance 
frameworks. While some African regions have 
implemented data protection and cybersecurity 
laws, comprehensive data governance legislation 
remains limited in most countries. Many lack 
national cybersecurity strategies, incident response 
teams, and critical infrastructure protections. 
This heightens vulnerability to cybercrime, cyber 
espionage, and systemic digital disruptions, 
identified as among Africa’s top emerging risks in 
recent regional assessments.64 This gap can result 
in data availability, access, and management not 
being consistently addressed, leading to fragmented 
approaches and challenges in responding to emerging 
risks. Advancing global technology, including AI, 
introduces ethical considerations and necessitates 
that governments balance citizen protection and 
sovereignty with efforts to develop data systems 
that are inclusive, equitable, and reliable. These 
issues can affect economic development, contribute 
to inequality, and create barriers for local startups 
seeking access to vital datasets, which may lead to 
greater reliance on foreign platforms and resource 
outflows.

In response, the African Union Data Policy 
Framework, launched in 2022, aims to treat data as a 
strategic asset by promoting common standards and 
governance mechanisms, fostering trust, ensuring 
privacy and security, facilitating cross-border data 
flows, and supporting data use for innovation, 
economic change, and broader policy development. 
In this regard, ECA helps Member States mitigate 
risks related to data breaches, regulatory uncertainty, 
and exclusion, while enabling innovation, cross-
border data flows, and regional integration. This 
integrated approach ensures that technological 
development in Africa supports trust, accountability, 
and inclusive economic transformation rather than 
reinforcing existing digital and technological divides. 
For instance, in partnership with the GIZ Office of 
the African Union, ECA is taking a leading role in 
shaping the continent’s data future by spearheading 
the development of comprehensive national data 
governance strategies that are in line with the 
African Union data governance framework in several 

countries, including Burundi, the Democratic Republic 
of the Congo, Mozambique, and the United Republic 
of Tanzania.65 These efforts are complemented by 
capacity-building workshops, technical assistance, 
and knowledge-sharing platforms, all geared towards 
empowering Member States to manage, protect, and 
leverage their data assets. 

Absence of open, usable data 

Developers in AI, machine learning, and IoT often 
depend on imported datasets, which may not 
accurately reflect African conditions and can result 
in less effective solutions. Collecting new local data 
is possible but generally requires substantial time 
and resources. The quality of available data also 
varies, with public statistics sometimes outdated or 
incomplete.

Financial and investment risks 

Limited access to capital, high interest rates, and 
underdeveloped venture capital ecosystems restrict 
the ability of local startups and established firms to 
invest in cutting-edge infrastructure and innovation. 
Investors may be deterred by perceived political 
and regulatory uncertainties, currency fluctuations, 
and the high costs of technology deployment on 
the continent. Furthermore, the absence of tailored 
financial products and risk mitigation instruments 
makes it challenging for both public and private sector 
actors to efficiently allocate resources towards long-
term technological projects. As a result, many African 
countries remain dependent on foreign investment 
and donor funding, which can be unpredictable 
and subject to shifting global priorities, ultimately 
hindering sustainable growth and the scaling of digital 
solutions. In this context, public-private partnerships 
are critical for mobilizing resources and fostering 
collaboration among government, the private 
sector, and other stakeholders for developing and 
deploying selected technologies. With an enabling 
environment for innovation and investment, public-
private partnerships can bridge the financing gap by 
pooling resources and sharing risks, while leveraging 
the strengths and expertise of each sector.

Storing data outside the continent

Africa’s data are often kept in paper or isolated 
electronic formats, hindering access due to poor 
infrastructure, limited expertise, and low investment. 
Africa’s data centre capacity (307 megawatts) is less 
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than 2 per cent of the global total, and the continent 
will need at least 1,200 megawatts more by 2030.66 
Relying on overseas servers increases costs, latency, 
and risks to security, privacy, and sovereignty, 
particularly for sensitive data such as medical, 
financial, and security data.

Over-dependence on foreign technology

Dependence on imported hardware, software, 
cloud infrastructure, and specialized components 
exposes African economies to supply shocks, price 
volatility, and technology lock-in.67 Limited domestic 
manufacturing and research and development 
capacity further restrict opportunities for local value 
addition.

Few internet service providers

The limited number of internet service providers in 
Africa leads to higher costs and less competition. 
Data markets are fragmented and informal, and data 
centre infrastructure is thinly spread, with nearly half 
the continent’s 211 data centres located in just four 
countries. As a result, prices for space, power, and 
connectivity are higher than in more competitive 
markets. Building a 1 megawatt data centre is much 
more expensive in some African countries: $15 
million in Nigeria in 2024, compared with the global 
average of $10 million, ranking the country seventh in 
the world.68 Additionally, markets with fewer mobile 
data operators pay substantially more per gigabyte 
than those with greater competition.

Power instability

Power instability raises operating costs because 
businesses need backup systems and extra security, 
which increases service prices. The 2025 World Bank 
Enterprise Surveys indicate that 51.1 per cent of firms 
in Sub-Saharan Africa own or share a generator and 
go about 14 hours a month without electricity, driving 
additional spending on fuel, maintenance, and backup 
equipment.69 Mobile operators in South Africa spent 
R174 million ($9.5 million) on backup batteries and 
R211 million ($11.5 million) on generators in 2024, 
and the electricity sector also reported R69 million 
($3.8 million) in costs linked to infrastructure theft, 
stressing the issues of extra security costs around 
power equipment.70 

Tax burdens and lack of incentives 

Most digital equipment is imported and faces duties, 
taxes, currency issues, and expensive logistics, 
making it unaffordable for small businesses and 
public institutions. Additional taxes on information 
and communications technology further limit access. 
For example, Uganda’s daily social media tax led to 
a loss of more than 2.5 million internet subscribers 
and a 25 per cent drop in mobile money transactions 
within months. Lack of skilled professionals further 
increases the cost of hiring and retaining expatriates. 
For instance, at a Kenyan telephony company, 
expatriate staff expenses represented 15.6 per 
cent of total employee pay and benefits for the year 
ending March 2024, despite a 17.7 percentage point 
drop from the previous year.71

Disruptive effects from new technologies

Job losses due to technology tend to occur quickly, 
while job creation often takes longer. And new 
roles associated with frontier technologies usually 
differ from those displaced in terms of industry, 
required skills, and location, thereby increasing the 
risk of job displacement and posing challenges for 
policymakers managing workforce transitions.72 
Labour market disruptions, combined with existing 
rigidities, can worsen unemployment and deepen 
or even magnify social and economic inequalities 
across the continent.73

Ethical and social risks 

The rapid deployment of frontier and emerging 
technologies such as AI, IoT, and blockchain brings 
with it a unique set of ethical and social concerns. 
Issues such as access to digital tools, data privacy, 
cultural representation in AI systems, and the 
potential for reinforcing existing inequalities are 
particularly relevant in the African context. These 
advanced systems can unintentionally reinforce or 
even intensify existing biases and social inequalities if 
their design and implementation are not handled with 
care. For instance, facial recognition technologies, a 
hallmark of the latest AI advancements, have been 
shown to carry racial biases. Deploying these tools in 
Africa without proper localization and inclusive data 
training increases the risk of misidentification, which 
could lead to wrongful surveillance or arrests within 
certain communities. Predictive analytics in policing 
or hiring, powered by algorithms trained on biased 
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or incomplete data, might disproportionately impact 
marginalized groups or neighbourhoods—replicating 
and deepening historical injustices. 

Trust and public awareness 

Adopting frontier and emerging technologies across 
Africa hinges on public trust. Local communities that 
perceive innovations such as AI, IoT, or blockchain 
as opaque or imposed from outside may resist 
engaging with these tools—for instance, harbouring 
doubts about digital health diagnostics or declining 
to use smart agricultural platforms. Earning trust 
requires well-designed public awareness campaigns 
that make the technologies relatable, showcase real-
world African success stories, and actively involve 
local communities in testing and shaping solutions. 
Transparency is essential.

The political economy of science, technology, and 
innovation funding

Political economy shapes science, technology, and 
innovation policies, meaning that the extent to which 
these policies can help African countries achieve 
their development aspirations is not straightforward. 
Science, technology, and innovation funding, who 
provides it, and what is funded are all choices that 
shape policymaking and how systems develop, 
with consequences for who wins and who loses 

and whether a country’s development objectives 
are achieved.74 Donors and foreign universities 
influence research agendas in some instances, 
meaning that research activities are not always 
aligned with government development priorities.75 
There is therefore a risk that science, technology, 
and innovation in Africa may not be autonomous in 
funding and direction. Science diplomacy could be 
used to foster strategic partnerships to implement 
African countries’ research priorities and build trust 
in science. It could shape the global research agenda 
with African priorities.

The risks matrix in table 5.4 organizes risks 
associated with frontier technologies by potential 
impact, reversibility, and the timeframe over which 
policy can effectively mitigate them. Immediate risks 
are those that can cause rapid loss of trust, legal 
exposure, or financial harm and therefore require 
early safeguards. Incremental risks can be reduced 
progressively through capability building, governance 
improvements, and market development. Long-term 
structural risks arise from foundational infrastructure, 
market structure, or sovereignty considerations that 
cannot be resolved quickly. The matrix supports 
proactive risk management by directing early 
attention to high-impact, hard-to-reverse risks.
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Table 5.4 Risks in adopting frontier technologies in Africa

Risk Policy priority 
tier

Why this tier applies Indicative risk management focus

Data 
governance: 
privacy, 
sovereignty, and 
protection

Immediate policy 
attention 

Weak protections and 
enforcement rapidly undermine 
trust, adoption, and political 
legitimacy.

Baseline data protection and 
cybersecurity regimes, enforcement 
capacity, and breach response.

Financial and 
investment risks

Immediate policy 
attention 

High uncertainty and fiscal 
exposure can quickly stall 
initiatives or create hidden 
liabilities.

Lifecycle costing, value-for-money 
tests, staged financing, contingent 
liability management.

Ethical and 
social risks

Immediate policy 
attention

Bias, exclusion, and misuse 
can emerge early and erode 
legitimacy, even in pilots.

Ethical guidelines, impact 
assessments, auditability, and 
grievance redress.

Trust and public 
awareness

Immediate policy 
attention

Low trust and misinformation 
can sharply reduce uptake and 
increase resistance.

Transparency, risk communication, 
community engagement, and digital 
literacy.

Disruptive 
effects 

Immediate policy 
attention 

Disruptive effects include 
automating routine tasks, 
transforming skill demands, and 
creating new roles.

Proactive reskilling, adaptive 
education systems, and inclusive 
policies.

Absence of 
open, usable 
data

Incremental 
policy action 

Open data ecosystems 
require sustained standards, 
stewardship, and quality 
improvement.

Priority datasets, open standards, 
data quality programmes, and trusted 
intermediaries.

Over-
dependence 
on foreign 
technology

Incremental 
policy action 

Reducing dependency requires 
capability building and 
procurement reform over time.

Open standards, modular 
procurement, local ecosystem 
development, and skills transfer.

The political 
economy 
of science, 
technology, 
and innovation 
funding

Incremental 
policy action 

Funding continuity depends 
on coalitions and multi‑cycle 
budget processes.

Multi‑year science, technology, 
and innovation budgeting, 
independent grant governance, 
performance‑based funding.

Storing data 
outside the 
continent

Long‑term 
structural change 

Local and regional hosting 
capacity depends on power, 
connectivity, and scale 
economics.

Regional data infrastructure strategy, 
local hosting incentives, resilience 
planning.

Few internet 
service 
providers

Long‑term 
structural change 

Market concentration and 
backbone investment change 
slowly and require structural 
reform.

Pro‑competition regulation, open 
access infrastructure, licensing 
reform.

Power instability Long‑term 
structural change

Reliable power is foundational 
for frontier technologies and 
requires major infrastructure 
investment.

Grid reliability upgrades, distributed 
energy solutions, and standards for 
critical digital infrastructure.

Source: ECA elaboration.
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This chapter reveals the multidimensional nature of the challenges and risks plaguing the adoption of frontier 
technologies for Africa’s economic transformation. Based on the analysis in the chapter and this report in 
general, figure 5.4 groups the identified challenges and risks into six categories: governance and policy gaps, 
financial and investment barriers, infrastructure deficits, human capital and capacity gaps, social and inclusion 
challenges, and market and ecosystem failures.

Figure 5.4 Categorization of challenges and risks in harnessing data and adopting frontier technologies in Africa

Governance and 
policy gaps 

Weak regulatory 
frameworks 

Fragmented regional 
policies 

Limited institutional 
capacity 

Slow policy updates, 
lagging behind  

Overlapping 
mandates 

Low stakeholder 
participation 

Financial and 
investment barriers 

High capital 
requirements 

Inadequate public 
financing 

Investor risk 
perceptions 

Currency instability

Limited venture 
capital 

High dependence 
on donors 

Infrastructure 
deficits 

Digital divide

High cost to connect

Limited internet 
access and usage 

Unreliable 
electricity grids 

Dependence on 
foreign data centres 

Poor logistics and 
transport 

Human capital and 
capacity gaps 

STEM education 
deficits 

Skills mismatch

Brain drain, loss of 
talent 

Weak industry 
university linkage

Limited research 
capacity and labs 

Unequal access to 
digital training 

Social and inclusion 
challenges 

Gender gaps, women 
underrepresented  

Rural communities 
excluded 

Youth barriers 
limited funding 

Lack of awareness

Language and 
accessibility barriers 

Resistance to 
change 

Market and 
ecosystem failures 

Failure in innovation 
adoption 

Trust deficits

Fragmented 
ecosystems 

Weak consumer 
protection 

Limited 
interoperability 

Few exit pathways 
for startups 

Figure 5.4 Categorization of challenges and risks in harnessing data and adopting frontier 
technologies in Africa

STEM is science, technology, engineering, and mathematics.

 

STEM is science, technology, engineering, and mathematics.

Source: ECA elaboration.



ECONOMIC REPORT ON AFRICA 2026 GROWTH THROUGH INNOVATION: Harnessing data and frontier technologies for Africa’s economic transformation

 188

CONCLUSION
This chapter presents an analysis of various approaches to adopting frontier technologies in Africa, 
highlighting both effective and less effective practices, as well as areas requiring further attention to support 
industrialization and structural transformation. The findings demonstrate that frontier technologies such 
as AI, IoT, blockchain, renewable energy solutions, and advanced robotics can support African economies 
in transitioning from dependence on raw commodity exports to higher-value production and services. For 
instance, integrating clean energy technologies is enabling more reliable and sustainable power supplies 
for industry and households, thus fostering new business models and rural electrification. Applying these 
advanced technologies has improved manufacturing processes, streamlined logistics, reduced operational 
costs, and brought greater transparency to trade, thereby strengthening the competitiveness of local industries 
and supporting inclusive economic growth. 

But the experiences and analysis presented in this chapter outline effective and less effective approaches, 
along with areas that may need additional consideration. The findings reinforce the necessity of ongoing 
evaluation, flexible approaches, and adaptive policymaking as Africa implements technology for development. 
Drawing on the comprehensive review and the realities outlined in this chapter, chapter 6 presents a series 
of policy packages designed as actionable frameworks tailored to Africa’s unique context, aiming to address 
the governance and policy gaps, financial and investment barriers, infrastructures deficits, human capital and 
capacity gaps, social and inclusion challenges, and market and ecosystem failures identified in this chapter. 
The policy packages also directly confront critical issues related to data, such as fragmented and informal data 
markets, limited data centre infrastructure, high connectivity and storage costs, and barriers to data access 
and use. Chapter 6 also outlines key priorities and practical forward-looking steps for stakeholders, providing 
a roadmap for translating the lessons learned into concrete strategies that will accelerate the continent’s 
digital transformation and industrial advancement.
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CHAPTER 6  
POLICY OPTIONS AND ACTIONS 

Africa stands at a critical point in its development, with a demographic dividend uniquely positioned to enable 
it to leapfrog technologically. The continent's economy is rapidly diversifying, with services accounting for 
48.8 per cent of GDP, industry for 26 per cent (manufacturing representing 11.3 per cent), and agriculture 
for 17.9 per cent.1 This transition signifies a move towards knowledge-driven economic activities. Frontier 
technologies are playing a vital role in this shift, offering Africa a chance to bypass traditional structural 
transformation pathways and infrastructure challenges to explore new pathways for growth. 

But this report highlights several obstacles—including infrastructure gaps, such as limited access to 
broadband internet, inadequate supply of modern sources of energy, and insufficient research and 
development facilities. Additionally, a skills shortage persists, particularly in digital literacy and technical 
expertise, which limits the full use of frontier technologies. Governance and regulation issues are also 
prominent, characterized by fragmented international cooperation and geopolitical tensions that hinder 
progress and innovation. Finally, economic disparities within and between countries may result in uneven 
diffusion of technology, worsening existing social and economic inequalities.

The empirical analysis in chapter 2 provides direct support for the report’s core policy message: frontier 
technologies can be transformative for Africa, but their economic dividends are conditional on ecosystem 
readiness. The results indicate that industrial activity delivers the most consistent productivity gains, 
while skills development yields increasing returns in the medium term after short-run adjustment costs. 
Information and communications technology deployment is necessary but insufficient, with modest and 
time-limited effects when pursued in isolation.

This evidence implies that Africa’s frontier technology agenda must be framed as a productivity strategy 
rather than a connectivity strategy. Policies focused solely on digital access risk producing “shallow 
digitalization” without sustained productivity transformation. The priorities are thus to embed technology 
adoption in productive sectors and to invest in human capital and complementary capabilities that allow 
frontier technologies to be absorbed, adapted, and scaled.

This report aligns with the Science, Technology, and Innovation Strategy for Africa 2034, adopted in July 
2025, which details the strategic framework for Africa's pursuit of inclusive and sustainable development, 
aimed at developing, embracing, and using frontier technologies to improve the continent’s vital sectors 
(box 6.1). The strategy seeks “to harness the transformative power of science, technology, and innovation 
in accelerating Africa's transition into a knowledge-based and innovation-driven continent.” 
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Box 6.1 The Science, Technology and Innovation Strategy for Africa 2034

The Science, Technology and 
Innovation Strategy for Africa 
2034 is a comprehensive blueprint 
focused on transforming Africa 
through science, technology, 
and innovation and guiding the 
continent towards an integrated, 
prosperous, and peaceful future 
driven by competitive capabilities 
in those domains. It deliberately 
selects sectors and thematic 
areas aligned with national and 
regional priorities, including 
agriculture, health, information 
and communications technology, 
energy, and the environment. The 

strategy aims to boost support 
from governments, regional 
economic blocs, academic 
institutions, civil society, the 
private sector, and international 
partners. 

The strategy begins with improving 
food and nutrition security through 
smart agriculture, precision 
farming, and sustainable crop 
management that tap into Africa's 
vast agricultural potential. It 
then prepares for emergencies 
by advancing medical research, 
developing vaccines, and 
strengthening health information 

systems. It also promotes 
developing an integrated and 
connected Africa, featuring top-
tier digital infrastructure, robust 
cybersecurity, and innovative tech 
solutions. Additionally, it works 
to ensure access to affordable, 
reliable energy by focusing on 
renewable energy, green hydrogen, 
and sustainable infrastructure. 
Ultimately, it addresses 
biodiversity loss and water 
scarcity while enhancing climate 
resilience through innovative 
environmental monitoring and 
conservation technologies.

© Adobe Stock
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SUMMARY AND CONCLUSIONS
Although Africa’s GDP growth is expected to 
increase in the medium term, this report highlights 
a divergence among oil-importing, oil-exporting, 
and mineral-rich economies. Growth in oil-importing 
countries was supported by the decline in crude 
oil prices in early 2025, which reached as low 
as $60 per barrel in May 2025, following global 
uncertainties caused by US tariffs and weaker-than-
expected demand in Brazil, China, and India. But 
this decline in oil prices is likely to have a negative 
impact on Africa’s major oil-exporting countries, 
especially those that export crude oil, such as 
Algeria, Angola, and Nigeria. For most oil-exporting 
countries, petroleum products constitute more than 
80 per cent of exports, making them vulnerable to 
increased volatility and uncertainty. Many African 
countries continue to face challenges in diversifying 
their exports, and it remains crucial that they seize 
the opportunities offered by the African Continental 
Free Trade Area.

African countries have faced considerable fiscal 
pressure since the Covid-19 pandemic, including 
high public debt, rising interest rates, and increasing 
demand for public spending. The average fiscal deficit 
is expected to return to pre–Covid-19 pandemic 
levels in 2025–26, as countries gradually stabilize 
their fiscal positions through spending rationalization 
and improved domestic revenue mobilization. Many 
African countries have implemented electronic 
tax filing and payment systems to improve the 
efficiency and effectiveness of tax administration, 
thereby increasing tax collection. They have also 
adopted biometric technology to ensure that public 
programmes are well targeted and have broader 
coverage, thus optimizing government spending. 
But these measures need to be further expanded to 
strengthen domestic resource mobilization, which 
requires greater investment in infrastructure and 
policy frameworks. 

Poverty, inequality, and unemployment remain 
major development challenges in Africa. The Least 
Developed Countries, located mainly in the Sahel 
and Central Africa, experienced the largest increases 
in both monetary and multidimensional poverty. 
Africa has also seen unprecedented urban growth, 
driven primarily by high fertility rates, the pursuit 

of employment opportunities, access to essential 
services, and displacement caused by conflict. The 
informal economy continues to dominate Africa’s 
urban labour markets, with more than 80 per cent 
of employment generated in the informal sector, 
making it the primary source of livelihood for urban 
populations. With the continent's young population, 
rapid urbanization, and a growing digital economy, 
frontier technologies such as artificial intelligence, 
data science, and financial technology have vast 
potential to transform economic structures, lift 
millions out of poverty, and bridge the gender digital 
divide.

The effects of frontier technologies and innovation 
vary across countries and sectors, requiring tailored 
strategies. A one-size-fits-all solution to accelerate 
the adoption of frontier technologies across 
countries and sectors in Africa does not exist. 
Instead, a maturity model approach may be more 
appropriate because it enables recommendations 
to be prioritized based on each country’s current 
circumstances—for example, focusing on reliable 
electricity supply before investing in large-scale 
data centres or pursuing joint investment in power 
production and data centres. Such a model should 
build on the efforts of the UN Regional Hub on Big Data 
and Data Science and the UN Data Science Leaders 
Network. Different technology-related actions are 
required for various sectors: climate-smart reforms 

The effects of frontier 
technologies and innovation vary 
across countries and sectors, 
requiring tailored strategies. 
A one-size-fits-all solution to 
accelerate the adoption of 
frontier technologies across 
countries and sectors in Africa 
does not exist.
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for agriculture, technology-enabled clusters and 
corridors to boost manufacturing, and digitalization 
to enable services to flourish (though it requires 
substantial human capital). Proper sequencing of 
technologies may also be required to enhance the 
effectiveness of an investment, such as investing in 
reliable electricity before data centres. 

Skills, industrial capacity, and finance are the key 
drivers of growth in Africa. Skills and industrial 
upgrades consistently boost productivity and output, 
while information and communications technology 
offers short-term gains in productivity. But financial 
systems need to be reoriented through innovation 
bonds, blended financing facilities, and regional credit 
lines to channel resources into high-productivity 
sectors. For example, Africa accounts for only about 
1 per cent of the global artificial intelligence (AI) and 
data science talent pool,2 highlighting a wide skills 
gap that could limit the continent’s participation in 
the data-driven global economy. Without skilled 
professionals, public and private institutions cannot 
effectively manage, analyse, or govern data. Closing 
this gap requires investing in education, training, 
and South–South cooperation to develop a pipeline 
of data scientists, engineers, and policy experts. 
Building human and infrastructural capacity is crucial 
not only for adopting frontier technologies but also 
for shaping global standards and ensuring Africa’s 
voice is heard in international data governance.

Institutional strengthening and regional cooperation 
are decisive enablers. Stronger governance, 
regulation, and public procurement systems can 
consolidate technology gains, while the African 
Continental Free Trade Area provides the scale to 
embed innovation in regional value chains. Frontier 
technologies must also be directed towards climate 
resilience—from precision agriculture to renewable 
energy—ensuring Africa’s transformation is inclusive 
and sustainable.

In the modern world, economic competitiveness is 
based on data. Data have evolved as a foundational 
resource, rivalling traditional sources of production 
such as land, labour, and money. For African 
economies, data’s potential extends far beyond 
efficiency benefits, as data can foster innovation, 
improve governance, and strengthen social 
development. Data are one of the most important raw 
materials that economies need to collect and analyse 
in usable formats to make informed decisions and 
improve operations. Data’s integration with frontier 
technologies such as AI, blockchain, and Internet 
of Things is driving the global economy by creating 
new opportunities, increasing productivity, and 
fostering innovation.3 This provides a chance for 
Africa to make rapid and substantial strides in new 
development pathways. But Africa has an incomplete 
data value chain. Limited data centres, high 
processing costs, fragmented datasets, and weak 
integration undermine value creation. As a result, 
much of Africa’s data potential remains untapped 
or exported without local benefit. Developing robust 
data ecosystems will require investing in localized 
storage systems, affordable cloud computing, and 
interoperable systems that allow both public and 
private actors to unlock the economic and social 
value of data.

The cost of technology in Africa is very high, 
due mainly to inadequate infrastructure. Internet 
access costs in Africa are among the highest in the 
world relative to income, and data centre capacity 
accounts for less than 2 per cent of the global total. 
Power instability increases storage and processing 
expenses, while limited competition among service 
providers contributes to high prices. These barriers 
disproportionately impact startups, researchers, and 
small businesses, making data-intensive innovation 
unsustainable. Unless costs are cut through 
investment in energy supply, competition, and 
regional integration, Africa risks being excluded from 
the global data economy and remaining dependent 
on external platforms.
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POLICY OPTIONS FOR ENHANCED FRONTIER 
TECHNOLOGY CAPABILITIES
Effectively adopting frontier technologies in Africa 
extends beyond mere technological advancement. 
It requires comprehensive support through robust 
infrastructure, sustained investment in digital literacy, 
accessible technical assistance, adequate funding, 
and well-defined policy and regulatory frameworks. 
Addressing these foundational elements can lead 
to effective user engagement and meaningful 
economic development, paving the way for 
transformative outcomes from frontier technologies. 
Frontier technologies and innovation (measured 
by the frontier technology readiness index) deliver 
delayed but lasting dividends in African economies. 
Unlike broad innovation inputs that yield only short-
lived gains, frontier technologies generate sustained 
productivity and income growth, with positive effects 
compounding over the medium to long term. This 
section outlines a structured approach prioritizing key 
policy recommendations over the short-, medium-, 
and long-term horizons, providing a comprehensive 
roadmap for enhanced frontier technology 
capabilities. The criteria encompass infrastructure 
readiness, skills development, robust governance, 

financial support, strategic partnerships, sectoral 
focus, and a political commitment to inclusiveness 
and sustainability.

SHORT-TERM ACTIONS

Strengthening governance of frontier technologies

The governance of frontier technologies should 
maximize their benefits while minimizing associated 
risks, considering each country’s national plans, 
priorities, and aspirations. This involves establishing 
responsive legal, regulatory, and administrative 
frameworks, along with strong institutions to 
oversee their implementation. For instance, many 
African countries are adopting digital bills of rights—
frameworks that promote rights-based digital 
governance. These frameworks seek to uphold 
freedom, equity, safety, trust, innovation, and global 
well-being, ensuring that frontier technologies 
contribute to economic prosperity and social and 
environmental well-being.

© Adobe Stock
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While legal frameworks establish essential norms, 
standards, and practices, it is equally crucial to build 
and strengthen institutions that enforce and safeguard 
citizens’ rights, freedoms, and safety. Africa faces 
substantial gaps in cybercrime, with 95 per cent of 
respondents in one study citing inadequate training, 
limited resources, and a lack of access to specialized 
tools.4 Many countries lack basic information 
technology infrastructure to fight cybercrime: only 30 
per cent have an incident reporting system, 29 per 
cent have a digital evidence repository, and 19 per 
cent have a cyberthreat intelligence database. These 
deficiencies emphasize the urgent need to strengthen 
institutions that monitor, prevent, investigate, and 
prosecute cybercrimes.

The governance of frontier technologies should be 
treated as innovation infrastructure, with regulation 
used strategically to enhance market access, 
investment readiness, and long-term trust. Both 
developed and developing countries are investing 
heavily in this area. For example, global spending 
on AI governance software is projected to reach 
$15.8 billion by 2030, driven by the need to ensure 
accuracy, reduce bias, promote responsible use, 
and comply with tightening regulations. Further, 
several governance and regulatory institutions 
should facilitate and drive research, innovation, and 
entrepreneurship. Traditional compliance-focused 
approaches are no longer sufficient: advanced tools 
now enable even small or resource-poor groups to 
create deepfakes that could influence elections, 
deploy drones that disrupt critical services, break 
encryption protecting financial markets, or engineer 
genotype-targeted bioweapons. Such cases are no 
longer hypothetical but real threats that have already 
happened. Therefore, governments should combine 
robust laws and regulations with investment 
in awareness, capacity building, and protective 
technologies that detect, prevent, and trace misuse. 
This includes training, funding programmes, and 
targeted campaigns, especially for Africa’s many 
informal, micro, and small firms.

There is also an urgent need to raise public 
awareness of the benefits, risks, and safety issues 
associated with frontier technologies, as well as their 
relevant legal and regulatory frameworks. Helping 
citizens understand their rights, responsibilities, and 
potential vulnerabilities is essential to a safe and 
inclusive society. Such measures may also ensure 

that citizens avoid seemingly innocent actions that 
lead them to be on the wrong side of the law. 

Similar concerns extend beyond digital technologies 
to other frontier technologies such as genetic 
engineering, gene editing, and nanotechnology. For 
example, disclosing one individual's genetic makeup 
can have far-reaching implications for siblings, 
parents, children, and even future generations, 
all of whom share similar genetic information. 
This highlights the ethical and legal complexities 
surrounding the use of such technologies and the 
importance of inclusive, rights-based governance. 
It also underscores the importance of national and 
regional legislators actively participating in frontier 
technology governance. This requires legislators to 
be properly informed and adequately engaged.

Harnessing partnerships to advance frontier 
technologies

Partnerships are vital for gaining access to resources 
(funding, talent, and infrastructure), sharing the risks 
of failure, and navigating complex market entry 
rules. As the costs of research and development, 
infrastructure, and technology acquisition increase, 
partnerships between countries, businesses, and 
academia are expanding. For example, the US 
Stargate Project, which involves OpenAI, Oracle, and 
SoftBank, is expected to invest around $500 billion in 
AI infrastructure.5 African countries might also need 
to build similar alliances to meet the demands of 
many frontier technologies.

There is an urgent need to 
raise public awareness of 
the benefits, risks, and safety 
issues associated with frontier 
technologies, as well as their 
relevant legal and regulatory 
frameworks. Helping citizens 
understand their rights, 
responsibilities, and potential 
vulnerabilities is essential to a 
safe and inclusive society. 
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Partnerships may also be essential to reduce the costs 
associated with accessing frontier technologies, 
especially for poorer countries. For instance, the 
Pathogen Genomics Initiatives of the African Centre 
for Disease Control is a $100 million collaboration 
involving Illumina and Oxford Nanopore, providing 
vital next-generation sequencing machines and 
training; the Gates Foundation and the US Centers 
for Disease Control and Prevention (offering funding 
and technical assistance through the Advanced 
Molecular Detection programme); and Microsoft 
(supporting the design and construction of the Africa 
Pathogen Genome Initiative’s digital infrastructure, 
including access to high-performance computing and 
genomics software from its Life Sciences Division). 
These efforts enable several countries to access 
frontier technology solutions at reduced costs.

Partnerships among African organizations are equally 
important. To that end, ECA facilitated the creation 
of the Alliance for Entrepreneurial Universities in 
Africa6 and has been involved in building biomedical 
engineering innovation capacity for improved 
health outcomes. It developed a generic biomedical 
engineering curriculum that enabled universities on 
the continent to quickly generate programs tailored 
to their national and institutional needs. In addition, 
ECA has been instrumental in establishing the 
Origin Research and Innovation Labs, a continental 
platform designed to work with local communities to 
identify root causes of problems and bring them as 
challenges to a global community of solvers, using 
frontier technologies to address the Sustainable 
Development Goals.7 

African countries are encouraged to use science 
diplomacy proactively to align partnerships with 
the continent’s development goals, build research 
capacity, foster technological advancement, promote 
dialogue, and strengthen international and regional 
collaboration.

These efforts should be supplemented by 
international cooperation through Africa’s active 
participation in reforming the global financial 
architecture and in articulating the UN Framework 
Convention on International Tax Cooperation and 
financing for development outcomes, which could 
lead to measures that expand country tax bases, 
domestic resource mobilization, and fiscal space by 
leveraging the opportunities that come with frontier 
technologies.

MEDIUM-TERM ACTIONS

Promoting research and development, innovation, 
and entrepreneurship

Frontier technologies are driven by investment in 
research and development to create new products 
and services and enhance existing ones, enabling 
companies to stay competitive. Africa’s gross 
research and development spending across all 
sectors in 2023 was an estimated $36.1 billion (in 
purchasing power parity terms), or about 1.3 per cent 
of the global total of $2.75 trillion.8 Most of Africa’s 
research and development is carried out by the 
public sector rather than by industry, as in advanced 
countries, and most research and development 
spending is directed towards agriculture, natural 
sciences, health, and social sciences. Of the 22 
African countries with research and development 
data, 14 allocated less than 10 per cent of research 
and development spending to engineering and 
technology.9

Africa needs to grow its research and development 
base by increasing funding, creating centres of 
excellence in frontier technology development and 
adaptation, and improving the policy and regulatory 
environment for commercializing, seeding, and 
attracting technology startups (which in turn 
drives research and development investment). The 
continent could harness resources from international 
organizations such as the World Bank that fund 
higher education centres of excellence.10 Joint 
research centres among academia, industry, and 
government can build research and development 
infrastructure, develop research talents, and 
enhance entrepreneurial skills while fostering trust 
and working relationships. Entrepreneurial skills 
development could be promoted by embedding it in 
the curriculum of tertiary education programmes. 
Innovative funding mechanisms such as the Tertiary 
Education Trust Fund in Nigeria—which aims to 
rehabilitate and improve tertiary institutions by 
funding infrastructure, research, staff training, and 
instructional materials—should also be promoted.11 

African countries need to assess and prioritize 
their research and development investment in 
frontier technologies and industries. For instance, 
in which sectors and frontier technologies should a 
country direct most of its research and development 
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investment to achieve a strong return and positive 
spillovers? How can such an investment be 
directed to stimulate private sector involvement in 
sectors vital to the country? Should research and 
development investment focus on adapting and 
using tested and mature frontier technologies or on 
frontier technologies? 

Africa’s fundamental and applied research in frontier 
technologies is limited. The top 50 universities in AI 
publications are limited to six countries: Egypt (16), 
South Africa (11), Algeria (8), Tunisia (8), Morocco (6), 
and Nigeria (1). The highest ranked university in Africa 
for AI is placed at 430th globally, and the 50th ranked 
university in Africa is placed at 1948th globally. Still, 
the top 50 universities overall in Africa are spread 
across approximately 17 African countries, with the 
leading African university ranked 279th worldwide.12 
This indicates a growing gap in frontier technologies 
within Africa and between Africa and the rest of the 
world.

Reforming the international financing environment

Expanding investment in research and development, 
innovation, and entrepreneurship is increasingly 
constrained by structural features of the international 
financing environment. High debt service burdens, 
elevated sovereign risk premia, and limited access 
to long-term concessional finance reduce fiscal 
space and raise the cost of capital for innovation-
intensive investment. These constraints are 
reinforced by prevailing sovereign credit-rating 
practices, which tend to place limited weight on long-
term growth potential, climate-resilient investment, 
and development-enhancing public spending, while 
amplifying short-term macroeconomic volatility and 
external shocks. 

In this context, reforms to the global financial 
architecture—including improvements in sovereign 
debt resolution frameworks, expanded use of state-
contingent instruments such as climate-resilient 
debt clauses and debt-for-climate or debt-for-
nature swaps, and a stronger role for multilateral 
development banks in providing affordable, long-
maturity finance—are critical complements to 
national innovation and research and development 
policies. 

Equally important are reforms to the international 
credit-rating ecosystem, including greater 

transparency in rating methodologies, improved 
treatment of climate risks and long-term 
investment, and enhanced competition and regional 
representation in credit-rating provision, to reduce 
excessive risk premia and better align ratings with 
development trajectories.

A third, complementary priority is reforming the 
global tax architecture to address persistent revenue 
leakage and reduce reliance on costly external 
borrowing. Illicit financial flows, profit shifting, 
and aggressive tax avoidance by multinational 
enterprises continue to erode African tax bases. 
Ongoing negotiations towards a UN-led framework 
for international tax cooperation provide a critical 
opportunity to strengthen source-based taxation, 
improve the taxation of the digital economy, and 
enhance transparency and information exchange. 
For African countries, these reforms are central to 
generating sustainable domestic revenue that can 
support development spending without exacerbating 
debt vulnerability.

Overall, reforms to the global financial architecture, 
the international credit-rating ecosystem, and the 
global tax architecture are essential complements to 

Reforms to the global financial 
architecture—including 
improvements in sovereign 
debt resolution frameworks, 
expanded use of state-contingent 
instruments such as climate-
resilient debt clauses and debt-
for-climate or debt-for-nature 
swaps, and a stronger role for 
multilateral development banks 
in providing affordable, long-
maturity finance—are critical 
complements to national 
innovation and research and 
development policies. 
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national and regional policy action. When combined 
with stronger debt management, innovative financing 
instruments, and private capital through blended 
finance, thematic bonds, and regional capital markets, 
these reforms can help close Africa’s financing gap 
for frontier technologies.

De-risking investment in frontier technologies

Investing in frontier technologies entails considerable 
risk, particularly during the early stages of research and 
development. These risks are especially pronounced 
for smaller firms and startups, which often lack the 
financial resilience to absorb potential losses. In the 
biopharmaceutical sector, approximately 90 per cent 
of drug candidates entering Phase 1 clinical trials 
ultimately fail, highlighting the high-risk nature of 
early-stage innovation.13

To mitigate these risks and encourage private sector 
involvement, governments often offer various forms 
of financial support. In South Africa, research and 
development incentives include a 50 per cent tax 
deduction on qualifying research and development 
spending and a 150 per cent tax deduction for pilot 
or prototype plants used exclusively for research 
and development.14 Additionally, capital allowances 
for research and development–related machinery 
and equipment can be claimed on an accelerated 
basis—50 per cent in the first year, 30 per cent in the 
second year, and 20 per cent in the third year.15 These 

measures aim to lessen the cost burden and promote 
greater private investment in innovation.

Beyond tax incentives, governments can further 
reduce investment risk by providing sovereign or 
loan guarantees. These mechanisms offer partial 
or complete credit protection in the event of a 
project's failure, thereby encouraging lending and 
investment in high-risk ventures. Such schemes are 
well-established in mining and public infrastructure 
throughout Africa and can be tailored to support 
investment in frontier technologies.

Market guarantees also play a critical role in creating 
a more secure investment environment. These may 
include:

•	 Regulatory sandboxes or temporary flexible 
regulatory frameworks that enable real-world 
testing of innovative products and services 
(such as drones and AI).

•	 Fast-track approval pathways for breakthrough 
or high-impact technologies (such as 
biopharmaceuticals).

•	 Advance market commitments, including 
purchase guarantees or upfront payments upon 
successful delivery (such as Covid-19 vaccines 
and renewable energy).

•	 Exclusive provider agreements for public sector 
use.

© Adobe Stock
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For Africa, strategic policies and plans on 
frontier technologies and innovation should be 
based on research and scientific evidence and 
directly connected to industrialization, economic 
diversification, job creation, and national ownership.

•	 Public procurement programs designed to pilot, 
validate, and scale new technologies.

Ultimately, strategies to de-risk investment in frontier 
technologies should align with broader national 
objectives such as economic competitiveness, digital 
sovereignty, health resilience, or climate action and 
be tailored to the country’s innovation ecosystem 
and industrial capacity.

LONG-TERM ACTIONS

Developing inclusive and dynamic strategic policies, 
plans, and roadmaps 

Frontier technologies are advancing rapidly, 
necessitating strategic, adaptable, and inclusive 
policies, plans, and roadmaps. “Strategic” refers 
to a long-term approach, establishing clear goals, 
priorities, timelines, and coordination mechanisms 
over 3–20 years. “Dynamic” means policies 
must remain flexible, adaptable, and responsive 
to emerging trends and unforeseen challenges. 
Equally important, strategic policies and plans 
must be inclusive, considering the special needs 
of people with disabilities, in both design and 
implementation to ensure that diverse interests, 
concerns, opportunities, and risks across societal 
groups are considered throughout development, 
implementation, monitoring, evaluation, and 
revision. Singapore incorporates “white space” into 
its technology policies, with dedicated budgets for 
unexpected developments during implementation.

For Africa, strategic policies and plans on 
frontier technologies and innovation should be 
based on research and scientific evidence and 
directly connected to industrialization, economic 
diversification, job creation, and national ownership, 
as outlined in Agenda 2063: The Africa We Want. The 
Science, Technology and Innovation Policy Design 

and Implementation Guide, developed by ECA, 
advises that countries should:

•	 Establish a clear baseline and define where they 
aim to be and by when.

•	 Set specific priorities and measurable targets 
(see annex 6.1).

•	 Develop implementation plans detailing 
timelines, required resources, and the sources, 
responsible actors, and milestones.

•	 Include robust monitoring and evaluation 
systems that define responsibilities, intervals, 
reporting lines, and follow-up mechanisms.

•	 Build in flexibility for iterative adjustments.

All these elements should be collectively developed 
and agreed on by government, industry, civil society, 
and other stakeholders to obtain commitments, 
appreciate their challenges, find solutions, and 
achieve effective implementation (see annex 6.1).

To achieve this, a whole-of-government and 
integrated approach should be adopted when 
designing frontier technology and innovation plans 
and strategies—rather than restricting efforts to 
a single ministry or department. Countries might 
consider establishing presidential advisory councils 
or similar entities dedicated to science, technology, 
and innovation. These constitutionally mandated 
bodies, which include representatives from industry, 
academia, civil society, and government, are often 
chaired by the president or an equivalent high-level 
authority, depending on the governance structure. 
Their primary role is to provide strategic advice 
to executive leadership, ensuring broad political 
support and inclusivity in policy development and 
implementation. Several countries’ governments, 
Algeria, Egypt, Morocco, Rwanda, South Africa, and 
Tunisia, have demonstrated political commitment to 
innovation and entrepreneurship. The case of Algeria 
is illustrated in box 6.2.
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Box 6.2 Political leadership in innovation in Algeria 

Algeria demonstrates how high-
level political leadership drives 
innovation and puts it at the centre 
of national development. Its 
Ministry of Knowledge Economy, 
Startups, and Micro Enterprises 
aims to create a conducive 
environment for startups and 
micro-enterprises by providing 
resources, regulatory frameworks, 
and support systems. The 
ministry promotes innovation 
and technological advancement, 
supports the establishment and 
growth of startups, facilitates 
access to financial resources and 
markets for micro-enterprises, and 
enhances the competitiveness of 
Algerian businesses on a global 
scale. The ministry’s creation 
was part of a broader strategy to 
modernize the Algerian economy 
by embracing a knowledge-
based approach. The approach 
focuses on using human capital, 
technological advancements, 
and innovative practices to 
drive economic growth and 
development. 

The Algerian Startup Fund, 
initiated by President Abdelmadjid 
Tebboune in 2020, embodies 
the government’s commitment 
to developing a knowledge-
based economy and reducing 
dependency on hydrocarbons. 
It equips Algeria with a modern 
venture financing vehicle 
to accelerate economic 
transformation. The fund supports 
startups, adopting tools tailored 
to innovation risk (equity and 
quasi-equity). It was established 
in partnership with six public 
banks and aims to speed up 
investment decisions, deliver 
post-investment support (such as 
hands-on guidance and access 
to partner networks) and build 
export readiness. The president 
has set the ambitious target 
of creating 20,000 startups 
and 400,000 jobs by 2029. The 
government has taken major steps 
to achieve these targets, including 
developing a roadmap to boost 
innovation among young people, 
encourage entrepreneurship, 

and stimulate the creation of 
startups. It has also funded a 
large network of incubators, 
with universities playing a 
central role, enabling students to 
transform their final-year projects 
into startups. In addition, the 
government is mobilizing Algerian 
skills abroad via a dedicated 
digital platform to facilitate the 
remote creation of startups and 
encourage collaboration with 
local institutions. Since 2020, 
over 13,000 startups were created 
in Algeria. The government also 
demonstrates leadership at the 
continental level by organizing the 
annual African Startup Conference, 
a pan-African platform for 
innovation and entrepreneurship.

Building human capital development for the future

Only 13 per cent of African children can read and understand a simple story by the age of 10, just 15 per cent of 
upper secondary students are enrolled in technical and vocational education training, and the gross enrolment 
rate in tertiary education is 9 per cent (compared with 42 per cent globally).16 Efforts to broaden access and 
enhance performance are urgently needed to empower the population, especially youth and women, with the 
technology, entrepreneurial, creative, and problem-solving skills needed to use, design, and produce knowledge 
products.17 

Countries may need to develop comprehensive national education action plans that include prioritizing 
context-specific strategies for curriculum reform and the professional development of teachers, with a focus 
on practical skills. They also aim to promote and expand successful, context-specific solutions and models 
at the national and regional levels, such as the science, technology, engineering, and mathematics centres in 
Ethiopia, model schools in Kenya, and technical and vocational education and training in Sierra Leone. Kenya’s 
Competency-Based Curriculum and Zimbabwe’s Education 5.0 are other examples of such initiatives.



ECONOMIC REPORT ON AFRICA 2026 GROWTH THROUGH INNOVATION: Harnessing data and frontier technologies for Africa’s economic transformation

 206

Countries are encouraged to establish structured 
collaboration frameworks between universities and 
industry to ensure that education, particularly in 
science, technology, engineering, and mathematics 
(STEM), is aligned with industry and national needs. 
More importantly, collaboration among educational 
institutions, industry, and public entities should be 
open to all, not just STEM trainees. Moreover, they 
should promote mechanisms that provide industrial 
work experience to students. Policies to retrain 
personnel in universities and the public and private 
sectors in general to harness the opportunities 
offered by frontier technologies should also be 
promoted.

Countries may also need to develop platforms for 
building digital literacy skills that can equip the 
general population with the skills needed to safely, 
ethically, and productively apply frontier technologies 
in their work and daily lives. These could build on 
existing digital literacy skills that are open, secure, 
and accessible to all. Furthermore, countries could 
expand on existing tools, such as generative AI, that 
are context-specific (languages, accents, dialects, 
colours, traditions, practices, and the like). Similar 
measures can build a broader human capital base 
that can thrive in the rapidly evolving world.

Investing in hard and soft infrastructure 

Accelerating the adoption of frontier technologies 
will require substantial investment in both hard and 
soft infrastructure at the national and regional levels. 
Critical infrastructure, including data centres, high-
performance computing facilities, cloud computing 

platforms, and 5G networks, among others, is 
essential for enabling widespread digital technology 
use. Additional investment in science, technology, and 
industrial parks can support the commercialization 
of emerging innovations. Meanwhile, electric vehicle 
charging stations play a vital role in facilitating the 
mass adoption of clean transportation solutions.

The success of these advanced systems relies heavily 
on traditional infrastructure, such as dependable 
energy, transport, and communication networks. 
Effective postal and logistics services remain vital 
for supporting e-commerce and last-mile delivery. 

Accelerating the adoption of 
frontier technologies will require 
substantial investment in both 
hard and soft infrastructure at 
the national and regional levels. 
Critical infrastructure, including 
data centres, high-performance 
computing facilities, cloud 
computing platforms, and 5G 
networks, among others, is 
essential for enabling widespread 
digital technology use.
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POLICY SEQUENCING AND 
COMPLEMENTARITIES
Effective policy design rests on understanding 
how innovative data inputs and outputs interact 
with frontier technologies, including their drivers, 
consequences, and enabling conditions. This 
understanding is essential for determining whether 
policy interventions should be sequenced or 
deployed in a complementary manner to maximize 
development gains. Realizing these gains requires 
carefully considering expected returns on investment, 
public acceptability, and a country’s comparative 
advantage in adopting, using, and scaling different 
types of innovative data and frontier technologies.

Chapter 2’s disaggregated empirical results provide 
a concrete basis for sequencing reforms. A practical 
policy framework is to organize interventions into 
three overlapping and mutually reinforcing stages.

Stage 1—Build absorptive capacity (priority 
foundations)

Scale foundational and digital skills, strengthen 
education-to-employment pathways, and deploy 
transition-oriented labour-market measures. This 
stage is critical because investing in skills can 
generate negative short-run effects due to adjustment 
and training costs but strong positive effects in the 
medium term. The evidence implies that early and 
sustained investment in skills is necessary to manage 
transition costs and unlock longer-term productivity 
gains.

Stage 2—Embed technology in productive sectors 
(industrial and firm capability)

Prioritize the diffusion of frontier technologies 
into productive activities—particularly high-tech 

manufacturing, information and communication 
technology–enabled services, and digitally intensive 
production. Industrial activity is the most consistent 
contributor to productivity gains across all horizons, 
underscoring that technology policy cannot be 
effective in isolation. Industrial policy and technology 
policy must be jointly designed to support firm-level 
learning, scale, and diffusion.

Stage 3—Activate enablers that scale and sustain 
gains (finance and innovation systems)

Strengthen the allocation of finance towards 
productive and technology-intensive activities and 
deepen innovation systems. Weak and inconsistent 
finance effects indicate that financial deepening 
alone is insufficient unless it improves the quality 
of allocation. Similarly, research and development 
investment requires long gestation; growth payoffs 
depend on the prior existence of skills, firms, 
and industrial demand capable of absorbing and 
commercializing research outputs.

This sequencing should not be interpreted as linear. 
Information and communication technology and data 
infrastructure investment is needed throughout the 
process, but their growth dividends are maximized 
when skills development and productive capabilities 
advance in parallel rather than in isolation.

To operationalize this framework, countries 
should systematically profile the expected returns 
on alternative innovative data applications and 
frontier technologies. Cost–benefit analysis can 
help identify options with the greatest potential for 
scalability, sustainability, and replicability, focusing 
on quantifiable productivity, fiscal, and investment 

Governments could play a crucial role in both planning and funding infrastructure development, especially 
where long-term public benefits are involved. 

Africa also needs to invest in public digital infrastructure, which allows governments, businesses, and 
individuals to interact safely and efficiently online. These may include digital identity systems, payment 
platforms, data registries, cloud infrastructure, and secure communication networks. Such infrastructure forms 
the foundation for delivering digital public services, promoting financial inclusion, and enabling innovation in 
the private sector. Innovative financing mechanisms could be used to fund hard and soft infrastructure. For 
instance, taxes collected from mobile network providers could be reinvested into developing mobile network 
infrastructure.
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outcomes. These assessments should be 
complemented by evaluations of environmental and 
socio-cultural factors to ensure contextual relevance, 
public ownership, and political feasibility.

Finally, to ensure that frontier technology adoption 
supports economic transformation rather than 
growth alone—the central objective of this report—
policy choices must explicitly assess distributional 
and labour market effects. Pro-poor transmission 
mechanisms, particularly employment creation and 
job quality, should be evaluated alongside efficiency 
and environmental considerations. Understanding 
labour mobility, literacy and digital skills gaps, and 
workforce composition is essential for gauging 
whether frontier technologies can generate inclusive 
employment. At the continental level, comparative 
analysis can further support regional partnerships 
and cross-border specialization, enabling countries 
to leverage complementary capabilities in regional 
and global value chains.

To ensure that frontier 
technology adoption supports 
economic transformation rather 
than growth alone—the central 
objective of this report—policy 
choices must explicitly assess 
distributional and labour market 
effects.
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ANNEX 6.1 THE CASE OF THAILAND AI 
STRATEGY 2022–27
The aim of the strategy is for Thailand to have an effective ecosystem for developing and applying AI, which 
is expected to enhance the economy and improve our quality of life by 2027. This will be achieved through five 
strategies and 15 work plans. 

Strategy 1: Preparing Thailand's readiness in social, ethics, law, and regulation for AI application

	• At least 600,000 Thai people have awareness of AI law and ethics

	• An ai law and regulation is enforced

Strategy 2: Developing infrastructure for sustainable AI development

	• Increase Thailand’s Government AI Readiness index to rank among the top 50 globally

	• Increasing digital infrastructure investment 10 per cent a year to support AI development in both public 
and private sectors

Strategy 3: Increasing human capability and improving AI education

	• Creating more than 30,000 AI talents within 6 years

Strategy 4: Driving AI technology and innovation development

	• Strengthen AI technology by developing at least 100 R&D prototypes within 6 years

	• Wide adoption of AI research, development, and innovation helps create business & social impact of 
at least 48 billion Baht by 2027

Strategy 5: Promoting the use of AI in public and private sectors

	• The number of agencies (government, business, and new entrepreneurs) using AI innovation has 
increased to at least 600 agencies in 6 years

	• AI applications increase Thailand's AI competitiveness

	• Even without the rest of the details, this strategy has a clear aim, targets and measurable potential 
impact. 

Source: http://www.ai.in.th/en/about-ai-thailand/.
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STATISTICAL NOTE
This year’s Economic Report on Africa is based on 
the latest updated and harmonized data from a 
wide range of sources. The report draws on both 
economic and social data, organized into thematic 
groups such as growth, fiscal, monetary, trade, 
frontier technologies, innovation, commodities, 
poverty, inequality, human capacity, and energy. 
Data are sourced from international organizations, 
government departments, and independent peer-
reviewed articles, while specialized databases are 
clearly noted individually, where applicable. Data in 
this report may differ from previous editions due to 
recent revisions and updates. Unless otherwise noted, 
data cover all 54 ECA member states, organized in 
five subregions under UNECA’s classification: North 
Africa, West Africa, Central Africa, East Africa, and 
Southern Africa. Countries are also classified into 
economic groupings which include oil exporting, oil 
importing, and mineral rich countries, aggregated 
based on IMF country classifications.

The primary economic and social data variables 
are obtained from the United Nations Economic 
Commission for Africa’s (UNECA) own database, as 
well as leading international organizations, including 
(in alphabetical order) the International Labour 
Organization (ILO), the United Nations Conference 
on Trade and Development (UNCTAD), and the United 
Nations Department of Economic and Social Affairs 
(UN-DESA). The UN-DESA Global Economic Outlook 
database provides comparable data on GDP growth 
for all developing global regions and all African 

countries, with real GDP growth rates calculated 
using 2015 as the base year. Subregional growth and 
inflation rates for country groupings are derived as 
weighted averages, with weights based on GDP in 
2015 prices. The report also made use of statistical 
databases from the Economist Intelligence Unit (EIU), 
the International Monetary Fund (IMF), and the World 
Bank. These sources provide a robust foundation 
for analysing key economic indicators, trends, and 
forecasts across the continent.

The report incorporates thematic data to address 
specific areas of interest. Social variables, such 
as labor and gender equality, are sourced from 
ILO, UNDP, UNESCO, and the World Bank. Frontier 
technology and innovation-related data are drawn 
from UNCTAD, WIPO, ITU, Statistica, and the Africa 
Block Chain Report, while energy data are obtained 
from UNCTAD, the World Bank, and International 
Renewable Energy Agency (IRENA). 

In addition to the primary sources, the report 
incorporates data from selected government 
departments in African countries, as well as 
specialized databases such as ITedge, McKinsery 
and Company, Mapping AI Start-Ups in Africa, 
Precedence Research, Qureca, and Price Waterhouse 
and Coopers. Data from independent peer-reviewed 
articles are also cited both in the text and in the 
chapter-specific reference lists. All data from sub-
agency databases are also explicitly noted in the 
footnotes or below the relevant figures and tables.
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Harnessing data and frontier technologies offers significant opportunities for Africa to break from 
low-productivity trajectory and forge new pathways for inclusive and sustainable growth. Strategic 
adoption of frontier technologies across sectors offers the potential to leapfrog traditional development 
pathways, raise efficiency, support industrial upgrading, increase productivity, attract investment, create 
jobs, and promote economic diversification. Data, as a critical economic asset, and the new oil fuelling 
frontier technologies have also been instrumental in driving economic transformation worldwide and 
thus hold immense potential to accelerate Africa’s growth, innovation, and overall development. 

The Economic Report on Africa 2026, using a mixed-methods approach that includes empirical analysis 
and case studies, highlights the impact of innovation on economic growth and development through 
enhanced productivity. It also highlights the opportunities, risks, and challenges in harnessing data 
and frontier technologies and innovations to drive economic transformation, and the actions African 
countries can take to maximize the transformative potential. 

The report finds that enhancing Africa’s sectoral productivity and closing the productivity gap through 
technology and innovation requires differentiated strategies, with agriculture at risk of being left 
behind without climate-smart reforms, irrigation, and targeted finance. Manufacturing emerges as 
Africa’s anchor for structural transformation through technology and innovation-enabled clusters and 
corridors. And services thrive on digitalization and finance, but with limited human capital to sustain 
growth. Institutions and regional cooperation are decisive enablers for technology and innovation to 
flourish. 

What are the keys to harnessing data and frontier technology to enhance Africa’s economic 
transformation? 

•	 Strengthening governance structures and harnessing partnerships. 

•	 Promoting R&D, innovation, and entrepreneurship.

•	 Reforming the international financing environment and de-risking investment in frontier 
technologies.

•	 Developing inclusive and dynamic strategic policies, plans, and roadmaps.

•	 Promoting human capital development for the future. Investing in hard and soft infrastructure. 

•	 Taking advantage of the opportunities that come with implementing the AfCFTA to provide the 
scale to embed innovation in regional value chains.
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