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Abstract

The infrastructure deficit in most African countries is abysmal. This is evident from Nigeria - one of the most
developed nations on the continent - that was scored the following on a scale of 5: 1.64, 1.36, 1.29, 1.52 and
1.98 for transportation infrastructure, electric power, water, healthcare and oil & gas infrastructure respectively,
according to a survey conducted by the Nigerian Society of Engineers in 2017 (NSE, 2017). The same survey
referred to the housing situation as being “deplorable”. Nigeria is said to require more than US$15 billion
annually for the next 15 years to meet her infrastructure needs (Leigh, 2018). Only in 2017 did the country ever
come close to investing a third of the required funds in infrastructure. So, it is beginning to receive serious
attention through a multi-pronged approach, comprising of increased budgetary allocation and several funding
models, but it will still be a while before the benefits become apparent. Therefore, it is imperative that we
carefully evaluate how sustainable the approaches that have been adopted are; and, more importantly, how much
local content is involved in this development. This understanding is crucial for the acceleration of infrastructure
development as it is presently largely predicated, unsustainably, on foreign manpower and technologies, with
little or no input from the local engineers. The astronomical population explosion across the continent and the
consequences of conflicts and natural disasters indicate that it is now a matter of urgency to evolve and adopt
easily replicable models that would accelerate the provision of basic infrastructure. This paper will attempt to
proffer a model for actualizing this in a manner that sustainably internalizes aspects of innovations from foreign
lands that have been proven to be effective remedies; while at the same time managing to retain some of our
own long-standing cultural heritage.

Keywords: sustainable, infrastructure, cultural heritage, home-grown, innovations.

INTRODUCTION technology; but over-dependence on foreign loans,
Any decent solution aimed at addressing grants or aids and technology has serious drawbacks
infrastructural challenges must be holistic and long as suggested in the study by Brautiggm &
term. This is the only way to reap the benefits of the Knack(2004). African nations, when they can secure
massive investments required for their development. these, or are fortunate enough to be able to attract the
So, out of necessity, infrastructure development must right kind of foreign investment, must do so in a
follow carefully laid out master plans that have been manner that is sustainable. To undermine or ignore
painstakingly developed by, and with contributions local manpower and cultural heritage is counter-
from, all stakeholders. This helps to guarantee the productive. The quantum of local content in each one
integrity of the plan through the years, quite often, of the available developmental options should serve
decades, that it takes to actualize them. as the simple rule-of-thumb for acceptance. There are
Unfortunately, this has not been the case in Nigeria similar stipulations for the Nigerian Oil & Gas
and most other sub-Saharan African nations where Industry that are quite instructive(NOGICD Act,
political instability, conflicts, unhealthy rivalry, 2010).
debauchery and ineptitude have led to the outright
abandonment, mismanagement of the development This paper will seek to manage foreign
cycle, misinterpretation or manipulation of the plans investments/support in a manner that is not inimical
(Nyewusira & Nweke, 2014) (Olaifa, 2012)(OECD, to the growth of local content. It will also proffer a
2017). Add to this the paucity of funds, underrated practical approach that could potentially be easier for
in-country capabilities or the lack of it, and fiscal Africans to implement and, possibly, ameliorate
indiscipline, and it becomes crystal clear why many of the vices that have stifled development. We
infrastructure in these states is so appalling. This must optimize the benefits of foreign investments in
paper attempts to proffer remedies to address some of infrastructure development such that the future of
the infrastructure gaps. generations of Africans yet unborn is not mortgaged.
Therefore, it is imperative that we develop and
To bridge the gap and provide some much-needed strictly apply a model that guarantees the
basic infrastructure within the shortest possible time, internalization of learnings from the current stop-gap
we need external assistance by way of funding and measures being adopted with foreign assistance to

259



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 9(6):259-270 (ISSN: 2141-7016)

develop home-grown solutions that almost
completely rely on indigenous manpower and
innovations, and locally sourced materials. In

addition, all infrastructure development in the rural
areas must be performed entirely using local
manpower and innovations.

Aside from the obvious absence of good governance
in most African countries, there is also the less talked
about concern of there being no critically thought
through infrastructure vision and enabling strategies
that robustly take into consideration the
interdependencies and, most importantly, the
“multitude” of stakeholders (OECD, 2017). Beyond
the recognition of these facts, we must steadfastly
preserve the integrity of the visions, enabling
strategies and the associated plans. Africa’s
monumental infrastructural deficit stares all of us
straight in the face, particularly in Nigeria and the
rest of sub-Saharan Africa. The whole world is
watching. The time for half measures is up; it is time
for tangible and consistently positive action towards
closing the gap.

Most of the references refer to the so-called
traditional urban form, which seems to point to a
system of structures or formations that constituted the
settlements  of  pre-colonial ~ Africans.  For
convenience, this paper does not differentiate
between the rural and urban forms of pre-colonial
Africans and simply refers to them as traditional
forms. Having said that, this paper totally supports,
alongside several others, the idea of incorporating the
traditional forms into contemporary African societies.
However, the paper expands that thinking to,
unashamedly, insist that it must be a hybrid of
interacting/influencing cultures in today’s world. This
is informed by the fact that we cannot in all fairness
ignore proven superior technology to the detriment of
our people. In fact, to meaningfully actualize and
replicate traditional ideas would require a deliberate
effort by the governments of sub-Saharan African
countries towards building capacity in science and
engineering for the sole purpose of conducting the
research and development (R&D) required.

This paper is a simple perspective offered by a
practicing engineer. It will attempt to offer pointers to
home-grown solutions to the most pressing
infrastructure developmental issues in contemporary
Nigeria and, by extension, sub-Saharan Africa. The
paper will not deal with the details of investment
analysis, funding details and the bankability of
infrastructure projects. Emphasis is on aspects of the
planning and execution of infrastructure projects.

The Infrastructure of Pre-Colonial

Comprehensive literature on this subject is hard to
find. In fact, our schools only make passing remarks
about this topic. Only recently did the world begin to
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see African pre-colonial architecture in any kind of
positive light. The earlier widely held belief was that
it was either simply non-existent or inconsequential
(Prussin, 1974). Interest in the subject has increased
in the wake of renewed vigor towards finding lasting
solutions to the infrastructure challenge. Obviously,
some infrastructure existed before the advent of
colonialism. This is evident from the highly
organized “civilizations” that once existed in many
parts of Africa. History is replete with narratives of
great empires that once existed and ancient African
civilizations that showed signs of organized
structures.

The Ashanti Empire of Ghana is perhaps one of the
best examples of pre-colonial infrastructure in West
Africa. This empire expanded as its so-called “great-
roads” extended (Charney, 2015). Charney (2015)
believes the colonialists  superimposed their
infrastructure on the existing one, particularly road
infrastructure. Be that as it may, the sedentary, close
knit, agrarian life style of pre-colonial Africa did not
dictate the need for investment in massive road
projects for the most part (Asomani-Boateng, 2011;
Prussin, 1974). Furthermore, the buildings were
communal and engendered a mutual support system
for the occupants.

The traditional African forms were extremely eco-
friendly: they utilized minimal amounts of nature’s
resources sourced from the locale, blended naturally
with the environment, maximized space and offered
optimal protection against the elements at little or no
cost. They were made mostly from clay, earth, mud,
stones, bamboo and the grassland vegetation (Prussin,
1974), and utilized simple and inexpensive
construction procedures that were well understood by
the people (Asomani-Boateng, 2011). Figure 1
depicts the main structural forms that existed back
then and still abound in many parts of Sub-Saharan
Africa.

Even though urbanization is creeping into many
African rural areas, there remains a not-too-
surprisingly large number of the traditional forms still
“Intact” with several new ones still being built. The
crafts have been passed down through generations.
Even where modern innovations have been added, the
relics of the past are still obvious. The telltale signs
of how ancestors lived together are still visible,
undisturbed by modernity. These traditional African
forms described in the literature still dot the
landscape of most of sub-Saharan Africa’s rural
areas. And they will not disappear any time soon — a
clear testimony to their relatively low cost of
construction as well as resilience against the
onslaught of modernity. They do not follow the
norms of modern architecture as most of us know it,
but were built to serve largely only basic needs. The
specific materials and styles that are used vary from
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place to place and lend themselves easily to artistic
expressions as is the case with the Hausa building in
figure 2. Of course, the extreme climatic conditions —
deserts, rainforests, grasslands, mangrove swamps
and the coast - also play a prominent role in adopted
styles and the materials selected for construction.

In a nutshell, we had in place a system that embodied
all the basic trappings of a sustainable existence that
was unique to us, being completely in conformance
with our way of life and, importantly, nature. But, the
influence of other civilizations is inevitable — either
positively or negatively - at some point in history.
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Figure 1: Typical African Traditional Structural
Forms (Hull, 1976; Asomani-Boateng, 2011)

Influence of Colonialism
The influence of colonialism is profound: they
brought the good, the bad, and the ugly. Let us start
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with some good: no one can deny the fact that they
brought their technologies to the colonies, albeit only
to increase the efficiency of their operations and
improve their wellbeing. Regardless of the motives,
the railways, -electricity, some of the healthcare
infrastructure, schools and, arguably, religion were
good things. And some would argue that these were
an improvement on what existed or, quite commonly;,
did not exist at all. This is similar to the argument by
Bruhn & Gallego (2010) for the countries in the
Americas.

Let us dwell on some of the bad: there is irrefutable
evidence of massive pillaging and greed. The
colonialists were aggressive in their exploitation; and
they wasted no time in setting up the infrastructure
required to maximize their intentions. Hence,
wherever they could, they built upon what existed:
especially roads, paths, buildings, structures, etc. Can
this attitude be justified or explained by the popular
theory of humans being selfish at their core and
“survival of the fittest?”’In medieval times, what was
the central motive behind conquests and empire
expansion? It is believed, in some quarters, that the
colonialists could not have achieved their goals
without assistance from some locals. In fact, Agbo
(2010), although set in a contemporary African
context, opined that Africans underdeveloped
themselves. | agree. And it did not start today.

Perhaps the most poignant effect of colonialism on
Africans is the identity crisis that it has engendered.
This is ugly and persists even today. Our society,
governments and even the rest of the world have
completely discounted the original African way of
life and now measure everything based only on the
values of the colonialists. We have embraced western
cultures and values at the detriment of ours regardless
of the cost. The truth is: we completely adopted their
ways but never really adapted to them. We have done
a poor job of “copying” unlike many of the Asian
countries. The Asians are a very good example: the
likes of China and Japan have managed very well to
keep their identities intact while successfully copying
and improving upon the innovations of the west.

Another downside was the disruption of an
ecosystem that had evolved and subsisted for
thousands of years before their arrival. The extent of
their disruption is evident from the slums and abject
poverty that pervades the landscape, particularly in
urban areas. Fortunately, or unfortunately, the
influence of western civilization has come to stay.
What we must do now is to manage the situation in a
manner that does not ultimately rob us of our
identity...completely.

Many would argue today that the upside far
outweighs the downside, but one focus of this paper
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is to “borrow” from pre-colonial Africa what worked
back then for use today.

African Infrastructure Today

The launching of the Nigerian Infrastructure Report
Card in 2015 by the Nigerian Society of Engineers
(NSE) ushered in the first ever structured approach
towards ranking infrastructure using international
indices in Nigeria. This brings to about three the
number of African countries that have joined the rest
of the world in this endeavor (NSE, 2017). The other
two countries are Zambia and South Africa. The
latest report shows a decline in the ratings from the
previous report. Table 1 shows the 2017 rankings.

Infrastructure in Nigeria is generally in a very bad
shape and in dire need of urgent intervention. Added
to this is the absence of a well-cultivated culture, and
associated standards, for maintenance, which NSE
(2017) cited as being a key factor in the further
decline of the existing infrastructure.

Pervasive awareness of the infrastructure deficit both
locally and internationally (coupled with some
improvement in fiscal discipline and governance in
general), have prompted the present government of
Nigeria to embark on a massive, unprecedented
campaign to rectify this problem through a myriad of
approaches: increased budgetary allocation (starting
to see a consistency in allocation of circa. 30% to
Capital Projects as opposed to previous allocations
that were as low as 14% in 2015), infrastructure
bonds and debt funds, public-private partnership
(PPP), Sukuk, domestic and foreign institutional
investors, private investments and other funding
mechanisms. Indeed, there has been much-needed
upsurge in foreign investment in Nigeria’s
infrastructure, particularly by the Chinese. However,
be that as it may, the need for well-structured
investments in infrastructure to meet the needs of all
parties involved cannot be over-emphasized (Inderst
& Stewart, 2014 ). Furthermore, how sustainably are
these investments being made?

Table 1: 2017 Nigerian Infrastructure Ranking(NSE, 2017)

Sector Grades | Infrastructure
(5)

Electric Power 1.36 Generation, transmission, distribution and renewable energy.
Transportation 1.64 Roads and associated structures, rail, airports and seaports
Security and Law 1.24 Police Stations, Courts, Prisons, CCTV
Healthcare 1.52 Primary healthcare, hospitals (specialists, general and teaching)
Education 1.44 Schools (primary, secondary, vocational, technical and tertiary)
Oil and Gas 1.98 Oil and Gas Pipelines, Refineries, products distribution infrastructure
Tourism 143 Recreation centers, stadia, tourists’ attractions
Agriculture 1.55 Irrigation, storage and processing facilities
Water 1.29 Portable water supply, waste water disposal and dams
Emergency Response 1.79 Firs Stations and Accident Centers
Information and Communication 1.79 Internet Broadband, clod computing, telecommunications and Radio/TV infrastructure
Technology (ICT)
Housing* Mass housing schemes

* Deplorable

Sustainable Infrastructure Development Model
The correlation between infrastructure and the
economic growth of any nation has long been
established. The potential incremental GDP could be
up to 10% as commonly obtained in developed
countries. For this reason, infrastructure development
models must always be approached with the utmost
caution and with the realization that it is always
based on a long-term master plan that was developed
with a shared vision and, more importantly, with the
input of all relevant stakeholders. In addition, the
master plan must be holistic and integrated in a
manner that accounts for interdependencies.

Figure 3 depicts the infrastructure within the scope of
this paper — referred to as basic infrastructure. Prior
to the commencement of any meaningful
infrastructural development, there needs to be a
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vision of the end game. This vision is extremely high-
level and must be shared by the representatives of all
relevant stakeholders, typically a smaller group of
civil servants (the relevant executive arm of
government) and representatives of the people
(legislators). Not having a shared vision among key
stakeholders is a common cause of disruptions to
infrastructure development plans. A case in point is
the recent impasse between the Nigerian government
and the legislators which saw the latter incorporating
thousands of constituency projects of their own and
reducing funds meant for critical infrastructure
projects.
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Figure 3: Basic Infrastructure Conceptualization and Planning

The strategies for the actualization of the
infrastructure vision are also very high-level
endeavors facilitated by certified strategists and
inclusive of only the relevant civil servants and
representatives of the people. The same goes for the
planning aspect, which will, as a matter of principle,
require data gathering, which is one area where
Africans have been terribly deficient over the years
with dire consequences to the planning, delivery and
the adequacy of infrastructure projects. Figure 3
depicts infrastructure conceptualization. It includes
the planning stage, during which workshops should
be held to engage the people and seek their buy-in.

Figure 4 depicts the crux of this paper. It includes
what the author thinks are the most basic building
blocks for sustainable infrastructure development in
sub-Saharan Africa. It is by no means exhaustive —
hopefully, it will get improved upon — but uses this
present form to share what, in the author’s opinion, is
extremely crucial information for ensuring the
sustainability of the numerous infrastructure
initiatives currently ongoing in Nigeria and many
other parts of sub-Saharan Africa. The remainder of
this section will use the highlighted portions of the
figure to convey the author’s hands-on experience in
the areas within scope.
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Figure 4: Bedrock of Infrastructure Development in Africa

Critical Success Factors

The Nigerian Integrated Infrastructure Master Plan
(NIIMP) is indeed a long-term plan as expected. It
sets out Nigeria’s infrastructure requirements over the
next 30 years and includes an ambitious incremental
GDP contribution of up to 7.9% over the course of
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the 5-year period between 2014-2018 (National
Planning Commission, 2014). However, to ensure
that the NIIMP is successful, it needs to be
adequately backed by law. This requirement is
included in the NIIMP’s report of 2014 that was
approved in 2015 wherein the lack of a legal
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framework is identified as one of the challenges to
securing funding (National Planning Commission,
2014). Furthermore, it is expected that an “NIIMP
Act” would ensure that the vision is shared by all
stakeholders since the representatives of the people in
the legislator should be mandated to share the details
with their constituencies for their input. And,
importantly, a solid legal framework for NIIMP will
increase investor confidence and ensure the integrity
of the plan.

Bureaucratic bottleneck is the bane of businesses in
Nigeria and most other African countries. This year
alone, it has prompted several Executive Orders on
the “Ease of Doing Business” in Nigeria. Fortunately,
there has been marked improvement in Nigeria and a
few other African countries such as Zambia and
Malawi as reported by the World Bank(World Bank,
2017; Reuters, 2018). But the general perception of
the people is that while the government is anxious for
improvements, the civil servants that run the
bureaucracy, do not seem to share the same ideals.
Most of them appear un-motivated, sluggish and,
most definitely, unproductive. If the government does
nothing drastic to fix the civil service, doing business
on the continent will remain arduous. The solution
lies in entrenchment of adequate consequence
management for unprofessional conduct and other
wrong-doings, right-sizing, training and re-training
and overall improvement in the wellbeing of civil
servants.

Another critical success factor is the dearth of
standards. In fact, NSE (2017) pointed to the lack of
maintenance standards as being one of the reasons for
the decline in existing infrastructure in Nigeria. This
is an obvious fact to most Nigerian professionals.
But, that is not all: there is a general paucity of
standards for infrastructure development in Nigeria.
A lot of effort is going into this by the Standards
Organization of Nigeria (SON), but their efforts will
not be timely enough without massive collaboration
with the relevant professional bodies like the
Nigerian Society of Engineers, academia and
industry. It will also requirethe institution of a
structured review and adoption process that is easy to
implement, transparent and inclusive.

Immediately coming on the heels of standards is the
need for standardization of construction and
execution processes. For example: standardization
and prefabrication of structural elements, particularly
in suburban and rural areas to reduce cost; adoption
of surface dressing for all rural roads that require
surfacing (this should also become common in low
density parts of cities as is common in the UK);
structural concrete rigid pavements for heavily
trafficked trunk roads; etc. In many instances,
prefabricated elements can be produced centrally for
distribution through communal efforts.
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Nigeria and most African countries do not suffer for
the lack of plans, laws, or policies. What most of
them suffer from is poor governance. Infrastructure
development is quite susceptible to this and a key
component of poor governance is enforcement.
Obviously, this goes together with consequence
management. A government that is committed to
good governance will do its best to fix the nation’s
judiciary to ensure the timely dispensation of
consequences for defaulters. But this is only possible
where the executive and the legislators share
common goals and are transparent in all their
dealings.

Roles and Responsibilities

The roles and responsibilities of the various arms of
government and other stakeholders need to be clearly
spelt out to avoid the duplication of functions.

Alternative =~ Forms  or
Development Alternatives
This section pertains mostly to development options
for housing: modern houses, houses using traditional
forms and the hybrid houses. However, the
discussion will extend into other types of
infrastructure to which the same principles can be
applied such as transportation and healthcare.

more  generally,

The housing deficit in Nigeria is estimated at about
17 million housing units and the number is expected
to nearly double by 2043 (National Planning
Commission, 2014; National Planning Commission,
2015). More than 50% of the population of Nigerians
live in urban areas with 64% of them living in slums.
“The Center for Affordable Housing and Finance
(CAHF) estimates a total of $365 bhillion to curb the
deficit and this number is expected to grow at 2
million houses per year...” (NSE, 2017). In
comparison, the situation is similar in Ghana and
many other African country, but none as dire as the
Nigerian one.

There are concerted efforts towards ameliorating this
concern with the National Housing Policy of 2015,
government subsidized homes and mortgage to the
tune of N41 Billion in 2017 in addition to the transfer
of houses to about 4.3 million homes between 1991
and 2017 (NSE, 2017) and so many other initiatives
of government (National Planning Commission,
2015). Despite these efforts, the situation will still be
a far cry from where it needs to be. Obviously, the
government cannot afford mass housing for all even
if they wanted to; and, more importantly, is it not
more prudent to seek home-grown solution to reduce
these estimates that are based only on modern
architectural forms?

Indigenous research institutes and tertiary institutions
must be charged with the responsibility of developing
prototypes of affordable houses using a hybrid of the
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forms or an improvement of the traditional forms. We
deliberately cultivate

must

Table 2: Infrastructure Development Roles and Responsibilities

new methods of

constructing building based on the old ways and/or

Stakeholder

Responsibilities

Comments

Central or  Federal

Government

This is the arm of government (the executive)
that owns the NIIMP and manages its
implementation  through  provisioning  and
appropriations. They must ensure that a robust
planning and execution process is adopted for the
implementation of infrastructure projects, which
should always involve input from key
stakeholders within the executive arm, legislators,
State and Local Government officials.

The infrastructure projects are captured as capital projects
managed by the Miniseries, Departments and Agencies
(MDAs). So, the funds are inadequate, quite often the
execution strategy is poor and then the funds get
misappropriated by the MDAs. Beyond robust enforcement
and consequence management, the solution to this involves
understanding the technical loopholes that are exploited by the
officials of the MDAs. But this must be done in a manner that
does not introduce more bureaucracy. For instance, the
general reservation for Project Managementon all government
sponsored infrastructure project needs to be better managed:
there are great opportunities for synergy and optimization of
those provisions across projects.

State Government

This arm of government is responsible for its own
Infrastructure Master Plan, which for all intents
and purposes should augment the NIIMP. They
must also involve key stakeholders within their
states in the planning and execution of projects.

The states must each ensure that their master plans do not
conflict with the NIIMP. Conflicts between them leads to
inefficiency in the management of funds. Budget transparency
in Nigerian States is “deplorable” (CIRDDOC, 2015).
Budgets and infrastructure spending should all be public
documents. In fact, public knowledge and/or participation in
the overall procurement process should be mandatory as far as
practicable.

Local Government

This is the third tier of government, but also the
most impactful as it connects directly with the
common man, particularly in the rural areas.
Their planning and execution must involve the all
key stakeholders: the State and traditional
councils.

They are supposed to produce detailed integrated plans of
their own, but to the best of my knowledge, this arm is almost
inconsequential in the scheme of things in Nigeria. This is
wrong and needs to be addressed immediately. There should
be a clear link between the NIIMP, the States’ Plans and that
of the Local Government.Unfortunately, there is an
inequitable distribution of funds to this tier of government
through the subsisting revenue allocation formula (Akindele
& Olaopa, 2002). This too is wrong, but at the same time this
is the least transparent arm of government.

Legislators

Their responsibility is to put in place the
appropriate legislation to support infrastructure
development and ensure that their various
constituencies are provided for as much as
possible with the limits of available resources.

The NIIMP Act should be a key priority of their right now.
Presently, they are allocated some funds for so-called
constituency projects that either never get done or are
typically below standard and grossly inadequate. It is a waste
of money and serves only the selfish interest of most
politicians. These funds for constituency projects cannot
easily be scrapped, which is the preferred option, but can be
managed within a framework consistent with Local
State/Government Plans. These projects should all conform to
the same strict standards as the central or federal government
projects.

Traditional Institutions

The traditional rulers must be entrusted with
custody of the infrastructure within their
domain.They must ensure that their wards are
carried along in the planning and execution of
projects in their domain.

It should be their duty to sensitize the youths and every
member of the community towards protecting the assets and
reporting concerns/issues.

The People The people of Nigeria and Africa need to learn to | It is important for the people to understand that their leaders
hold their leaders accountable for the provision if | have a responsibility to work for them and not the other way
basic infrastructure. around.

Investors Protect  their  investments and  monitor | This could be the government, private investors or the public.
performance of the assets.

The Media The media is responsible for following up on the

entire value chain from budget provisioning to
allocation and project execution. The have a
primary role to play towards ensuring
transparency in governance. It is their job to keep
the public informed and aware of infrastructure
project delivery within their vicinity.

modern methods with a view to drastically cutting
There are huge opportunities for

down cost.

indigenous architects and engineers here to develop

cheaper alternatives and secure patents for them.
Examples include: roofing sheets/ceiling materials,
wooden doors and windows, indigenous sanitary

Road construction
traditional methods as stable bases and roadways can
be achieved using

wares and tiles, etc. the same logic can be applied to
the building structures of hospitals.

particularly lends itself to

locally available materials.

Obviously more research is required in this area.
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Lastly, sometimes it is not such a bad idea to Do
Nothing, particularly in rural areas for the following
reasons: to preserve the culture if there is no
immediate danger to people or to avoid the
adulteration of traditional sites; and if funds are not
immediately available. In both cases, the people must
be carried along in the decision making.

Prioritization

Due to the paucity of funds and urgent need,
government must prioritize and focus on certain key
areas: these are energy, housing, transport, water and
healthcare. This is our “core infrastructure stock”
(National Planning Commission, 2014) with energy
and transportation contributing the most to GDP.
Nigeria’s contribution of this duo to the GDP is less
than one third of the international benchmark
(National Planning Commission, 2014). There has
been a lot of improvement in some sectors, like
Telecommunications, without much government
intervention other than to regulate. Furthermore, due
to the rural-urban migration trend that has led to a
significant portion of the population moving to the
urban areas, resources must also be prioritized to the
urban areas over the rural areas.

Energy comprises of oil and gas and power sector,
but for this article, we shall limit its definition to
include only power and gas infrastructure. The power
sector has defied many attempts at improvement
through the years. Most of the funds that were
channeled to the sector over the years have been
misappropriated. As a result, in no other sector is the
poor state of Nigeria’s infrastructure more
pronounced. It becomes clear when Nigeria’s per
capita power consumption of 136 kWh per annum is
compared with South Africa’s 4,803 kWh (National
Planning Commission, 2014). In recent years though,
with increased fiscal discipline, there is much more
effort towards resolving the issues. In fact, the
portfolio of project presently included in the NIIMP
(National ~ Planning  Commission, 2015), if
implemented to the letter, should significantly
improve the situation albeit slowly. A significant
percentage of the power will come from gas
necessitating a commensurate improvement in gas
infrastructure. The document and the recent signing
of an agreement with Morocco to construct a gas
pipeline to that country indicate that this present
regime is extremely serious with the development of
gas infrastructure.

Unfortunately, as is common in Africa, there is no
commensurate mention of building in-country
capacity for gas-related works. To avoid a dearth of
gas technicians, it would be prudent to deliberately
start training Nigerians in this field proactively. The
same goes to other professionals and artisans in the
power sector. The energy section, particularly as it
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relates to gas infrastructure development, has the
potential for creating tens of thousands of jobs.

Housing was discussed in the previous section under
Alternative Forms. However, the desperate situation
with housing cannot be over-emphasized and, if this
paper contributes something, let it be for serious
consideration to be given to more research into
traditional forms and how they can be used in
conjunction with modern forms to significantly
reduce the cost of housing. Affordable housing is
only possible for most Nigerians by improved
traditional forms or an affordable hybrid combination
of architectural forms. Housing policies and
standards must be adjusted to incorporate these
alternatives.

Transport is the next big infrastructure stock. It
includes roads, airports, seaports, water transport and
railways. Railways and roads are receiving a
tremendous amount of attention today through a
myriad of funding schemes. The question is how
sustainably are these being executed? Nigerian
professionals, particularly engineers, must be allowed
to participate adequately to enable them take over the
maintenance of these assets upon completion. It
should not end there: the agreements should also be
written in a manner that allows for on-the-job training
for the sole purpose of technology transfer. The
medium to long term plan would be for this crop of
engineers to take on similar projects in future,
beginning with the small-scale jobs and graduating
into the big league when their competency has been
proven. This is necessary for the long-term
sustainability of infrastructure development.

The government must encourage institutions to
collate all available research efforts for use by
industry; and to conduct new research into road
construction to improve indigenous capacity for
constructing roads using home-grown technology and
materials. Also, Nigeria has some of the world’s
largest deposits of bitumen (Milos, 2015), which is
the key material for road construction that is currently
being imported. It is time to exploit this resource for
our road construction efforts, but as Milos (2015) so
eloquently explained, we must never forget the
lessons of the Niger Delta as it relates to oil and gas
exploration and its attendant environmental impact
and mismanagement of proceeds.

The water resources of Nigeria are grossly under-
utilized and mismanaged. It is to assuage this
situation that a National Water Resources Bill is
being proposed. It seeks to regulate and optimize the
use of Nigeria’s water resources. It is hoped that,
when it is passed by the legislators, it will adequately
address optimal use of Nigeria’s abundant water
resources for portable water supply, irrigation and
deforestation, sanitation, transportation and energy. It
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is also expected that it will address he current
concerns around the maintenance of the existing
dams, particularly in the North, that have silted up;
and the indiscriminate sinking of boreholes in many
parts of southern Nigeria with considerable potentials
for adverse impact on public safety.

Healthcare: presently there is only 1 healthcare
facility for every 6000 Nigerians (National Planning
Commission, 2015). This is made much worse by the
poor maintenance of the existing facilities. This is
one area that may not be very attractive to foreign
investors as most middle to low-income earners may
not be able to afford to pay. It is, therefore, inevitable
to combine orthodox medicine with traditional
medicine. The same argument that has been applied
to housing applies here too for the building
structures.

Execution Strategies

The conceptualization and planning phases are
typically done in-house, by the relevant government
agencies, sometimes with the assistance of
consultants. This stage includes the development of
estimates and securing funding. The execution
strategy is also a product of the planning phase. As
soon as that is sorted, government must begin to
implement the strategies and plans that have been put
in place. Infrastructure, by their nature, are executed
via contracts in one form or the other. Maintenance of
the infrastructure is commonly undertaken via a
combination of maintenance contracts and direct
labor.

In recent years, there has been an upsurge in
communal self-help efforts, particularly in the urban
areas. In Lagos, Nigeria, this trend is very common
among the many real estate development projects that
have sprung up in recent years; but more striking is
the trend among communities of people living within
proximity of each other organizing themselves into
so-called Community Development Associations
(CDA) and embarking upon self-help projects
(Akinsorotan & Olujide, 2006). This has been well
document and is appreciated and encouraged by the
Lagos State Government. By extension, this selfless
mentality can be exported to the rural areas and other
parts of the country where communities can easily be
used, under close supervision, to construct roads,
drainages, houses, healthcare centers, etc.
Government’s support can be through the provision
of materials and equipment in some cases. Using this
model, the government, particularly at the State and
Local Government levels, might also want to
consider the creation of prefabrication yards for the
casting of prefabricated components for deployment
across the region for community self-help projects.

For infrastructure projects, it is generally understood
that every opportunity to bid out the work
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competitively is always a great option and provides
the most chances of getting the work done at the best
price. Of course, this does not apply to situations
where the investor is also the contractor as is the case
with many of the Chinese-sponsored projects. In such
cases the only recourse is to local and international
benchmarks.

Another means of getting the best price, but far more
innovative solutions, is the case whereby companies
can compete for the job using their own innovations,
designs and approaches. This approach will engender
creative innovations and possibly unleash the creative
potentials of indigenous companies.

Nigeria has, over the years, experimented with direct
labor agencies for the maintenance of some
infrastructure, particularly roads, with some level of
success, but the potentials for significant impact has
been hampered by inadequate funding. This initiative
is a great idea and not only provides jobs, but also a
cost-effective means of maintenance if properly
managed. To this end, it will be necessary to re-jig
the approach by issuing them with clear mandates for
service delivery and the provision of appropriate
levels of funding. After which, their activities should
be closely monitored via hotlines to a dedicated
independent helpdesk.

There are a few challenges and opportunities that
must be highlighted:

With many of the key infrastructure projects in
Nigeria going to the Chinese, there is bound to
be communication challenges that we must guard
against: one key measure is to ensure that all
technical documents (including drawings) are
produced in both Chinese and English.
On-the-Job training must be provided at all
infrastructure project sites being managed by
foreigners with a clear view for the transfer of
technology.

The long-term management and maintenance of
the asset must be by Nigerians only.

There is a perceived lack of capacity to deliver
many types of infrastructure projects that has led
to a preference for foreign contractors. While this
is true in some cases, in many other cases, it
simply boils down to paranoia without due
consideration for the improvements that have
occurred over the years. This is extremely costly
to the Nigerian economy, especially as it relates
to productivity factors. This has led to unusually
high estimates for projects, which, unfortunately,
tend to reflect in the delivery as well. This notion
needs to be dispelled by getting the relevant
agencies to conduct regular surveys of in-country
capabilities assessment and making them
publicly available.

Considerations must be given to encouraging
settlement in rural and suburban areas through
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the provision of affordable housing and
transportation systems for conveying workers to
and from these areas to their places of work in
the urban areas.

Sustainers

The professional bodies are responsible for ensuring
the integrity of the plans and the long-term
sustainability of the infrastructure projects. They
belong to the core bodies of town planners and
engineers. A responsible government would pay
close attention to these professionals. The
professional bodies themselves need to collaborate
more closely with science and engineering
institutions of higher learning and industry to
engender greater interest in R&D.

The Town Planners will not only ensure the integrity
of the NIIMP, but also assist with enforcement; while
the engineers are required for the development of
infrastructure  standards, research work and
innovations for cheaper delivery of infrastructure
projects. So far, these professionals have been grossly
under-utilized. The easiest way to get them
reasonably involved in the scheme of things is
through robust local content monitoring. Government
must enact policies and legislations that sufficiently
empowers these professional towards maximizing
their potentials.

We must, as a nation, pay special attention to the
local workforce and ensure that they are employed in
sufficient number to participate in the ongoing
infrastructure projects. It is a scary sight when the
landscape is littered with the Chinese while our
youths remain unemployed. The existing NOGICD
Act (2010) for the Qil and Gas sector provides a good
starting point. It provides a set of guidelines for the
minimum numbers of local personnel to engage. A
modified version of that act is required for the
government infrastructure projects.

How much local content in terms of equipment and
materials is being utilized? The government must
provide for and task our engineers to ensure that
research and development efforts into indigenous
construction methods and materials takes center
stage. The relevant bodies must ensure that our
higher institutions of learning become more
productive, organized and research-focused in the
science and engineering space.

Limitations of Study and Future Work

This paper relies mostly on the over 30-years of
experience that the author has had working on
infrastructure projects in Nigeria. It lays no claim to
any extensive R&D efforts in the field, but raises
several poignant concerns, based on first-hand
experience, that urgently need to be addressed.
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Some of the areas where future work may be required
to progress some of the issues raised includes the
following:

In-country  capabilities and  productivity
assessment in terms of infrastructure
development needs to be thoroughly assessed
and reported objectively. This could potentially
increase patronage of indigenous firms and
possibly reduce the cost of infrastructure
projects. It also serves as the basis upon which
foreign companies price infrastructure projects in
the region.

How much R&D already exists out there,
unpublished and unutilized or under-utilized by
industry? A catalogue of these works,
particularly at universities needs to be made and
widely published.

What are the challenges with the utilization of
existing R&D in infrastructure development?

An examination of the effectiveness of the
inclusion of traditional methods into the curricula
and its impact on infrastructure development.
How effectively have the standards organizations
partnered with the academia, professional bodies
and industry to develop codes and standards?
Long term cost-benefit analysis of the
alternatives being suggested needs to be carried
out to establish the veracity of the claims herein.

RECOMMENDATIONS AND CONCLUSION
The peoples of sub-Saharan Africa are among the
poorest in the world not from the absence of wealth,
but by the hands of their own people. The colonialist
left an indelible mark — the good, the bad and the
ugly — but that was a long time ago. Enough time has
elapsed since then for the region to put its act back
together again. For how long can colonialists
continue to be blamed for what is obviously the direct
result of poor governance? What is more depressing
is how quickly we discard our cultural heritage for
those of the west and measure everything by their
yardstick. Isn’t it obvious that the region can take
what is best from influencing civilizations, like the
Chinese and the Japanese have done, without
completely discarding their identity?

The consequences of the poor governance have been
devastating. It has brought about a dearth of role
models for the youths to emulate; original values
have been largely eroded; poor work ethics and low
productivity are only a few of the consequences. It
has left the region lacking in the most basic
infrastructure: housing, transport and even power.

Affordable mass housing has proven elusive since
most people moved to the cities. Slums have sprung
up everywhere, yet, until recently, there were no
concerted efforts at ameliorating this trend. Even with
the best intentions this gap cannot be bridged fast
enough. The only way to do this is for governments
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to deliberately encourage research into affordable
housing that utilizes mainly locally available
materials, encourage standardization, and prompt the
speedy  development of suitable standards.
Institutions of higher learning in sub-Saharan Africa
must include in their curriculum courses that
highlight traditional architecture with a view to
incorporating them into contemporary designs
sustainably. A few examples include eco-friendly
indigenous roofing sheets, walls, windows, doors,
etc. They must set city boundaries to aid
developmental efforts and encourage people to live in
the rural or suburban areas and commute to work. But
what about transportation required?

Good trunk roads are quite expensive. We must stop
building poor quality roads by reviewing our
outdated standards and encouraging investments into
this sector. The people must be sensitized into
understanding that some roads need to be tolled.
Good things do not come cheap. Rural roads should
all be constructed by indigenous contractors. These
roads and low-density city roads should all be surface
dressed. We have completely discarded surface
dressing as a cheap surface for road pavements. The
direct labor maintenance agencies must be re-jigged
and repositioned to adequately maintain the existing
roads; it should not be business as usual. The
academia and industry must work together to invest
in R&D in road surfaces and the commercialization
of the results. The alternative modes of mass
transportation are the railroad and waterways.

We must applaud recent efforts by the government of
Nigeria towards the development of the railway
system in the country. The only concern is how
sustainably is it being executed. Aside from the
Chinese, GE has also indicated interest in investing in
Nigeria’s rail network. SON, the relevant divisions of
the Nigerian Society of Engineers and other
stakeholders must ensure that a common standard is
used by participating parties. In addition, they must
all adhere strictly to the local content requirements. It
is important to point out here that the standards
organizations of the countries should partner with the
academia, professional bodies and industry towards
the development of these standards.

It is heart wrenching to see the occasional boat on the
Lagos lagoon when the highway that runs parallel to
it is afflicted with an excruciating traffic jam daily.
This is a huge challenge to Nigerian engineers, the
créme de la creme of whom suffer the pains of the
gridlock every day.

This conclusion would be incomplete without
mentioning power supply. Years of mismanagement
have left that sector comatose — Nigerians and many
parts of sub-Saharan Africa are either perpetually in
the dark or experience epileptic supply of power.
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This is quite unfortunate as power is viewed as the
catalyst that could propel the region towards speedy
industrialization. In fact, it is a common saying in
Nigeria that all that government need do is to fix
power and leave the rest of the work to Nigerians.
Obviously, fixing power will improve GDP
significantly. Fortunately, evidence abound that there
are genuine efforts underway now. However, in
tandem with the efforts, we must proactively train the
technicians that will maintain the plants and we must
ensure local content requirements are met during the
planning and construction phases.

Housing, transport and power: these can be referred
to as the tripod for development. Prioritize and fix
these and the resulting incremental GDP could fund
the rest of the infrastructure requirements. Of course,
other  infrastructure  project  will  continue
simultaneously. A few other recommendations to
highlight for emphasis are as follows:

Government must pay very close attention to
extensive R&D towards fixing the infrastructure
gaps. Governments across sub-Saharan African
must engender very close collaboration between
their research institutes, universities and the
industry for the commercialization of R&D
findings. A good case in point is the Federal
Institute of Industrial Research (FIIRO) in
Nigeria where extensive R&D efforts are
ongoing in collaboration with the industry and
academia, but greater emphasis needs to be
placed on research into affordable infrastructure
development.

Government should regularly publish a portfolio
of viable infrastructure projects that foreign
investors might find interesting. Examples
include projects that will ease traffic jams in
congested cities like Lagos such as commercial
car parks and light rail systems as well as other
creative transportation systems.

Science and engineering R&D efforts must be
directed at resolving infrastructure deficits
mainly. Theses must include topics that directly
resolve infrastructure concerns. What about
completed theses on the subject? How effectively
have the findings been catalogues and utilized?
As a deliberate policy, government must
patronize indigenous firms and ensure that the
relevant professional bodies, with help from
designated institutions, closely monitor the
overall management of the projects.
Governments of the region must adopt local
content management principles as exemplified
by the NOGICD Act (2010).

It is pertinent now to mention the urgent need for
effective interface management among the various
tiers of government and the management of
interdependencies in infrastructure development. The
former will engender harmony between the tiers and
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shared ownership of the infrastructure vision. It will
also greatly reduce the wastage of resources. The
latter will aid the prioritization of resources and
improve cost efficiency.

Finally, it should be noted that the government
obviously does not have the resources to rectify the
infrastructure deficit, so all hands must be on deck to
assist them. Professional bodies like the Nigerian
Society of Engineers, academia and industry must
build the capacity required for contributing
meaningfully to policy formulation, R&D and
creative innovations to complement government’s
efforts.
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