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Abstract:
Africa’s ability to meet its human welfare needs and to
ensure a sustainable use of its natural resources are
currently not addressed by donor agencies that continue to focus on traditional relief and emergency activities., Instead, this would require considerable investment in science and innovation in general, and engineering in particular. This article argues that viable
strategies for building competence in engineering
should seek to link engineering training directly to infrastructure projects. The improvement of infrastructure,
again, will result in more private sector investment and
thus more opportunities for engineers.

Introduction
The international development community is facing
increasing pressure from the bottom-up to change its
focus from emergency and relief operations to longterm endogenous solutions based on the building of
technical competence, stimulating local entrepreneurship, and investing in infrastructure. [1]
Development partners need to pay more attention to
investing in people and promoting technological innovation rather than simply providing short-term palliatives
aimed at reducing the visible symptoms of low levels of
economic productivity. This shift will involve building
capabilities in key areas related to production, project
execution, and technological innovation.
Much of the work to build local competence entails
training in engineering and related management fields.
In other words, the challenge for Africa lies largely in its
ability to harness the world’s scientific and technical
pool and using it to solve local problems. Current investments in infrastructure offer a strategic starting
point for building capacity in engineering.
The term “infrastructure” is used here to mean the facilities, structures, associated equipment, services, and
institutional arrangements that facilitate the flow of
goods and services between individuals, firms, and governments.

Infrastructure represents a foundational base for applying technical knowledge in sustainable development and
relies heavily on civil engineering. Moreover,, infrastructure reduces the transaction costs in market exchanges
and thus attracts more economic activities and private
sector investment.
The following article highlights some the challenges of
infrastructure in Africa in transportation, electricity, water
treatment, research equipment and ICTs. It further emphasizes the importance of regional integration and
higher education to get the critical mass of financial and
human capital that is necessary to create and maintain
the different types

1.

Engineering and international development

Engineering has been marginal to international development practice in the last two decades. Earlier designs of
major infrastructure projects ignored critical socioeconomic and environmental factors and were quite frequently linked to macroeconomic distortions. Over time,
development agencies shied away from such projects
and underplayed the critical role of infrastructure in sustainable development. However, the failure of subsequent sustainable development strategies has forced the
international community to rethink the role of infrastructure and the associated engineering fields in sustainable
development.
Engineering can help reduce poverty by contributing to
sustainable development and alleviate hunger by providing the physical infrastructure needed to advance agriculture as part of an integrated strategy aimed at improving overall human welfare. [2] A nation’s ability to solve
problems and to initiate and sustain economic growth
depends in part on its capabilities in engineering, which
in turn determines the ability to provide clean water,
good health care, adequate infrastructure, and safe
food.
Building domestic competence in fields like chemical
and process engineering is critical to expanding the technological basis for improving healthcare. Engineering-
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based approaches (e.g., redesigning houses and remodeling landscapes) can help mitigate mosquito
breeding and malaria transmission, respectively, complementing efforts to develop new antimalarial drugs
and vaccines. [3]
Local technological capacity is indispensable for managing complex ecosystems, such as watersheds, forests, and seas, and for helping to predict (and thereby
manage) the impact of climate change and the loss of
biodiversity. Emerging fields such as industrial ecology
offer new opportunities for addressing ecological challenges. [4] The management of freshwater resources is
increasingly dependent on technological interventions
as well. Attention is also turning to the development of
drought-tolerant crops using both conventional breeding methods and genetic engineering.
But technological innovation can only have the desired
impact if placed in the context of long-term sustainable
development strategies, especially those associated
with greater regional diversity and experimentation. In
this regard, regional integration efforts across Africa
represent a major opportunity to apply technological
innovation in sustainable development, which in turn
requires significant investment in creating engineering
capacity.

2.

The importance of infrastructure

Poor infrastructure and inadequate infrastructure services are among the major factors that hinder Africa’s
sustainable development. [5] Without adequate infrastructure, African countries will not be able to harness
the power of science and innovation to meet sustainable development objectives and be competitive in international markets. Roads, for example, are critical to
supporting rural development. Emerging evidence suggests that in some cases low-quality roads have a more
significant impact on economic development than highquality roads. [6] In addition, all significant scientific
and technical efforts require reliable electric power and
efficient logistical networks. In the manufacturing and
retail sectors, efficient transportation and logistical networks allow firms to adopt process and organisational
innovations, such as the just-in-time approach to supply
chain management.

The Inga falls on the Congo, falls 96 m in 14 km and
flows at a rate of about 43,000 cubic m per second,
has the potential of providing at least 50,000 megawatt
(MW) compared to its current capacity of 700 MW .
Good engineering could help.
Infrastructure promotes agricultural trade and helps
integrate economies into world markets. It is also fundamental to human development, including the delivery
of health and education services. Infrastructural investments further represent untapped potential for the
creation of productive employment. For example, it has
been suggested that increasing the stock of infrastructure by 1 percent in a developing country context could
add 1 percent to the level of GDP. But in some cases
the impact has been far greater: the Mozal aluminium
smelter investment in Mozambique not only doubled
the country’s exports and added 7 percent to its GDP,
but it also created new jobs and skills in local firms. [7]
2.1
ICT infrastructure
The advancement of information technology and its
rapid diffusion in recent years could not have occurred
without basic telecommunications infrastructure. In
addition, electronic information systems, which rely on
telecommunications infrastructure, account for a substantial proportion of production and distribution activities in the secondary and tertiary sectors of the economy. It should also be noted that the poor state of Africa’s telecommunications infrastructure has hindered
the capacity of the region to make use of advances in
fields such as geographical information sciences in sustainable development. [8]
2.2.
General infrastructure services
Globalization of trade and investment demands that
countries upgrade their technological capabilities as a
source of competitive advantage. [9] Infrastructure con-
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tributes to technological development in almost all sectors of the economy, serving as its foundation and representing, in effect, technological and institutional investment. The infrastructure development process also
provides an opportunity for technological learning. [10]
Because infrastructure services act as intermediate
inputs into production, their costs directly affect firms’
profitability and competitiveness. Infrastructure services also affect the productivity of other production
factors. Electric power allows firms to shift from manual
to electrical machinery, extensive transport networks
reduce workers’ commuting time, and telecommunications networks facilitate flows of information. As an
“unpaid factor of production,” infrastructure increases
the returns to labor and other capital. The availability of
infrastructure may also attract firms to certain locations, which creates agglomeration economies and reduces production and transactions costs. [11] Infrastructure is a critical determinant of the destination of
foreign direct investment (FDI). [12] It is one of the key
factors that all types of investors consider in deciding
on the location, scope, and scale of their investments.
Infrastructure and technology development reinforce
each other. Expanded use of technology in sustainable
development depends on the existence of infrastructure while the introduction of new technologies contributes to improvements in infrastructure services.
Given their strategic importance to creating and sustaining knowledge, research facilities need to be defined as part of Africa’s critical infrastructure and managed as such. Many countries have well established
sections of the military that deal with civilian matters
on a routine basis. This function does not undermine
the military role of the armed forces, but instead gives
them new tasks that are consistent with a wider sense
of national security. The time has come to rethink the
role of the military in sustainable development and find
constructive ways in which the armed forces can contribute to long-term sustainable development in general
and technological innovation in particular.
All stages of an infrastructure project (including planning, design, construction, and operation) involve the
use of a wide range of engineering inputs and institutional as well as management arrangements. Given
their physical, organizational, and institutional complexity, infrastructure facilities and services require adequate technical capabilities on the part of engineers,
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managers, government officials, and others involved in
these projects.
2.3.
Infrastructure and engineering skills
All stages of an infrastructure project (including planning,
design, construction, and operation) involve the use of a
wide range of engineering inputs and institutional as well
as management arrangements. Given their physical, organizational, and institutional complexity, infrastructure facilities and services require adequate technical capabilities
on the part of engineers, managers, government officials,
and others involved in these projects.

3.

Africa’s poor infrastructure

Investing in infrastructure is emerging as a critical item on
Africa’s sustainable development agenda. This interest has
been inspired by the growing recognition of the role of infrastructure in sustainable development. It has also been
reinforced by the demand for adequate infrastructure in
the rapidly expanding urban areas. In 1980, for example,
only 28 percent of the African population lived in cities.
Today the figure stands at about 37 percent. Africa’s annual urban growth rate is 4.87 percent, twice that of Asia
and Latin America and Asia. This makes Africa the fastest
urbanising continent in the world. [13]
Africa’s demand for infrastructure across sectors is hardly
being met for the majority of people, with its worst sectoral
performance being in access to electricity. [14] Even where
such access exists, supply is unreliable and the quality of
services remains poor. [15] Generally, access to infrastructure services favors the rich and is more unequal in Africa
than in any other part of the world. [16]
3.1
Water treatment
There are major disparities in access to clean water in urban settings. Of Africa’s 280 million urban residents, over
150 million lack access to clean water and nearly 180 million do not have adequate sanitation. In turn, some 48
percent of African urban households have a water connection, compared to only 19 percent of informal settlements.
Similarly, 31 percent of urban households are connected
to the sewage system, but the figure for informal settlements is 7 percent. [17]
3.2.
Mobile phones
There is good news, however: the advent of ICTs is transforming the continent. [18] In 2001 Uganda became the
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first African country where mobile phones exceeded
land fixed lines. [19] The market has expanded from
under 20,000 users in 1993 to an estimated 18.2 million in 2003. [20] But despite such phenomenal growth
rates, much of Africa still remains disconnected from
the rest of the world because of poor communications
infrastructure. [21] Access to high bandwidth services
remains beyond the reach of most individuals and institutions. Similarly, prospects for enhancing private sector participation through improved telecommunications
are being undermined by poor infrastructure. [22]
3.3
Transportation costs
Transportation costs in Africa are the highest of any
region in the world. With landlocked countries having to
figure in transport costs of up to 75 percent of the
value of their exports, the continent faces extreme challenges to compete in global markets. [23] In Uganda,
for example, transport costs add the equivalent of an
80 percent tax on clothing exports. Freight charges for
imports are 70 percent higher in West and East Africa
than in Asia. Africa’s landlocked countries pay more
than double the rate of Asian countries for comparable
transport services. [24] Most of Africa is isolated from
major air and maritime routes, which allows access
only to high-cost, peripheral routes. [25] More than 20
percent of African exports reach the United States by
air. It is estimated that air transport costs account for
up to 50 percent of the value of exports to the United
States. [26] Internally, air transport costs across Africa
are up to four times the cost of getting the same goods
over the Atlantic. [27]
3.4.
Low private sector participation
A loss of focus on the importance of economic growth
in poverty reduction and a failure to appreciate the importance of infrastructure investment led to a drop in
infrastructure spending in Africa. Development policy in
the 1980s and 1990s asserted that infrastructure
would now be financed by the private sector. [28] From
1990 to 2002 infrastructure investment in Africa stood
at US$150 billion, of which only US$27.8 billion came
from the private sector. Nearly two-thirds of this
amount (US$18.5 billion) was for telecommunications.
[29] Unfortunately, private sector participation in infrastructure investment has not taken off in Africa, contrary to policy opinion. [30] Over an almost twenty-year
period, Africa has only managed to generate 230 projects in partnership with foreign operators, about half of
which are located in South Africa. Irrespective of the
South African bias of the data, the total number of pro-
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jects is small and so is the average size of projects in
Africa. The average project size is indeed less than half
of that in other developing countries. Africa’s share of
total (mostly foreign) private investment attracted by infrastructure across all sectors in the developing world is
roughly 1–2 percent (except in telecoms, 6 percent). [31]
3.5 Military expenditures at the expense of infrastructure
The war-torn economies in Africa are perhaps the hardest hit by the inadequate provision of infrastructure services, where physical infrastructure stocks (e.g., telecommunications, airports, ports, roads, and bridges) are often key targets during war. Although only a fraction of a
country may be directly affected by war, infrastructure
investment and maintenance is neglected in favor of
military expenditures. [32]
3.6
Natural disasters and the need for engineers
Africa is highly vulnerable to external shocks arising from
natural disasters such as cyclones, floods, droughts, and
earthquakes. The economic fragility arising from natural
disasters often deepens precarious economic and social
situations. Natural disasters tend to divert a large portion
of government and donor resources from otherwise essential infrastructure investment to emergency relief operations. [33] But natural disasters can also serve as a
stimulus for investing in engineering for disaster preparedness. Disaster management could therefore serve as a
foundation for building expertise in ecological engineering. [34]
3.7
Climate Change
An equally important dimension in Africa’s future is the
possible impact of climate change on infrastructure development. Africa’s high rate of urbanization is partly
reinforced by declines in rainfall in parts of Africa. [35]
These trends suggest that African countries will need to
invest in technologies needed for adapting climate
change, most of which will involve the use of a wide
range of engineering capabilities. [36]

4

Rejuvenating African economies

Investment in engineering can play a critical role in building Africa’s infrastructure and rejuvenating African
economies. However, such efforts need to be placed in
the appropriate national and regional policy contexts.
[37]
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4.1.
Regional integration
A common feature of African regional integration agreements is their recognition of the importance of engineering in sustainable development. Individual African economies are small and poorly endowed with the human,
physical, and financial resources necessary to develop
and harness engineering capabilities. The cost of building science and technology infrastructure often appears
to be an overwhelming task for national economies, especially in smaller and poorer states.

ing rail facilities, updating port and harbor operations,
setting up a new, integrated border post, and improving
telecommunications and other non-transport-related
facilities.

Cooperation in engineering can take various forms, including joint projects, information sharing, conferences,
building and sharing joint laboratories, setting common
standards for research and development, and exchange
of expertise. Furthermore, the sheer magnitude of the
necessary infrastructure development actually requires
regional cooperation in project design and implementation to not only reduce costs but also facilitate greater
learning.

Research and development (R&D) activities for infrastructure should be established with research networks
as part of Africa’s critical infrastructure. Existing research facilities can be networked as part of regional
research cooperation, reducing duplication in the availability of such facilities and enhancing mobility and cooperation among researchers.

4.2
Identifying strategic opportunities
A key strategy in building up engineering capabilities in
Africa is to link training programs to infrastructure projects in growing fields. For example, expanding geothermal energy production in Eastern Africa (covering Djibouti, Eritrea, Ethiopia, Kenya, Tanzania, Uganda, and
Zambia) could be linked to engineering and environmental programs at various universities.
Transportation projects also provide similar opportunities. For example, the Maputo Corridor joint initiative of
South Africa and Mozambique, was aimed at addressing
the poor state of transport infrastructure while also creating linkages with other sectors. The corridor’s plans
included upgrading and constructing road links, improv-

Innovation: finding answers to real everyday
problems

Although foreign construction and engineering firms will
continue to be the main sources for infrastructure development, African governments should devise policies
both to encourage technology transfer and build local
capabilities in infrastructure projects.

4.3
Reinventing engineering education
African countries need to create indigenous capacity by
training scientists, technologists, and engineers in relevant fields. The most damaging legacy of the African
system of higher education is the separation between
research, training and practical activities. [38] Training
must suit current conditions and fulfill practical need,
anticipate future trends and prepare the next generation
of engineers accordingly. [39]
Broadening Africa’s technical skill base will involve increasing the number of women who train in engineering.
Providing incentives that encourage the participation of
women in higher education would place Africa in a strategic position to become an important locus for research
and technology development.
Addressing the sustainability challenge requires greater
investment in the generation and utilization of scientific
and technical knowledge. This goal can be achieved by
aligning the missions of universities and other institutions of higher learning with their government’s development goals, including those related to business incubation.
In addition to providing degree training, a new view is
emerging that places universities and research institutions at the center of community development. [40] In
facilitating the development of business and industrial
firms, universities can contribute to economic revival
and growth in their regions. This approach is based on
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by the United Nations to mean the “ability of individuals, organizations and societies to perform functions,
solve problems, and set and achieve goals.” Anne
Whyte, Landscape Analysis of Donor Trends in International Development, Rockefeller Foundation Series,
No. 2 (New York: Rockefeller Foundation, 2004), p.
24; Moses Oketch, “Determinants of Human Capital
Formation and Economic Growth of African Countries,” Economics of Education Review, Vol. 25, No. 5
(October 2006), pp. 554-564.

the strong interactions between academia, industry, government and relevant sections of civil society.

Conclusion
Africa’s ability to meet its human welfare needs, participate in the global economy, and protect the environment
will require considerable investment in science and innovation in general, and engineering in particular. Weak
infrastructure, for example, imposes critical limitations on
Africa’s capacity to utilize its abundant natural resources.
This situation is also closely associated with limited opportunities for engineering education in African universities. A number of international organizations are responding to this challenge by offering a variety of “capacity
building” projects in engineering.
Most of these efforts focus on training individuals and are
not directly related to regional sustainable development
efforts in Africa. This article argues that viable strategies
for building competence in engineering should seek to
link engineering training directly to infrastructure projects.
Africa’s focus on regional integration provides a policy
context in which such efforts should be embedded. Considerable innovation will be needed both in the design of
infrastructure projects and the functioning of training institutions. Support from governments and other sources
of funding for such activities represent an important step
in these advancing efforts to implement the MDGs.
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