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Abstract

Innovation is very imperative for the economic development of any nation. This article assessed the various sectors of the
Nigerian economy that need innovation; the defects in the legal framework for the protection of innovators in Nigeria;
investigated factors challenging technological innovation in the country. Data were collected from statutes and case laws,
textbooks and the internet. It was discovered that the level of innovation and technology in Nigeria is low and the Nigerian patent
law is weak. Factors posing challenges to innovation in Nigeria includes institutional framework; human capital;
research/innovation infrastructure; and sophisticated business community. This article recommended that the Government
should evolve policies that would address the challenges in technological innovations. The patent law needs amendment.
Modern research facilities should be established and human capital developed. In conclusion, the Nigerian economy can
compete globally if the above challenges are resolved.

1. Introduction

The classification of Africa as a third world, or an underdeveloped continent, despite its rich, human and material resources highlights
the fact that there is a fundamental problem with the harnessing and utilization of the human and material resources in the continent.'
The Global Innovation Index (GII) 2014 surveyed 143 economies around the world, using 81 indicators to gauge both their innovation
capabilities and measurable results. Mauritius, which tops the African countries in the ranking, came at the 40" position, followed by
South Africa at 53" and Tunisia at the 78" position. Nigeria was placed at the 110" position. The foregoing GII ranking has shown
that in a global and dynamic world, the economies that can remain flexible, adaptive, and innovative will reap the benefits of world
trade. This is because the global competitiveness of any economy depends on its science, technology and innovation (STI)
capabilities."In all ramifications of economic development, technology-dependent economies surpass economies dependent on their
natural resources.

However, there remain challenges to the diffusion of technology in Nigeria. First, the law does not encourage technological
innovation. Its capability to protect prospective innovators remains in doubt. Furthermore, Nigeria lacks human capital to man
effectively its sectors. Moreover, research facilities in the country are either inadequate or outdated. There are no effective policies to
serve as incentives to arouse local innovators and to attract foreign investors. Nigerian technological environment is discouraging.
Modern infrastructures are also required to encourage foreign direct investment (FDI).

2.1. Innovation, Intellectual Property Rights (IPRs) and Economic Development
A patent is a special right to the inventor that has been granted by the government through legislation for trading new products."A
patent is granted under the law to protect an invention that is new or essentially better in some way than what was made before." It
follows therefore that a patent may also be granted in respect of an improved version of an original invention. It is immaterial that the
improved version was not made by the original inventor. According to U. Uguru, a patent is a document, issued, upon application, by
a government office (or a regional office acting for several countries) which describes an invention and creates a legal situation in
which the patented invention can normally only be exploited (manufactured, used, sold, imported) with the authorization of the owner
of the patent.'Patent matters in Nigeria are governed by the Patents and Designs Act, Cap. P2, Laws of the Federation of Nigeria,
2004.
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According to Maskus, Dougherty and Mertha, economists have now recognized that there are stimulative effects of IPR protection on
economic development and growth." An inadequate set of IPRs, according to these authors, can stifle innovation and invention
processes even at low levels of economic development. Thus, as illustrated by them:

e “Tt is as important for firms to adapt new management and organizational systems and new product and quality control
mechanisms as it is to find new technologies. Those inventions can be quite costly and will be undertaken only when the risk
of their loss to unfair competition and trademark infringement is minimized. In an environment of weak protection, it is
difficult also to foster attitudes of creativity, invention, and risk taking. Rather, the economy stagnates in a mode favouring
copying and counterfeiting.”™"

Patents protect innovations, which in turn promotes economic development. Accordingly,
e “Economic development involves carrying out innovative activities. Innovation involves taking of risk... the basic function
of patent is to protect innovation and technology. According to Schumpeter, innovation would not occur in the absence of
patent protection or alternative mechanism for protection.”™"

The strength of IPRs enforcement efforts differs with economic development levels as noted by Maskus, Dougherty and Maskus.
According to them, on the part of poor countries, this reflects both an unwillingness to pay the costly administrative expenses and an
inability to manage complicated technological and judicial issues associated with IPRs."™

Furthermore, there is evidence that strengthened IPRs stimulate innovation in developing nations. For example, as narrated by
Sherwood, in a survey of 377 Brazilian firms by the Brazilian Ministry of Industrial Development and Commerce and the American
Chamber of Commerce, it was found that 80 percent of those firms would invest more in internal research and development (R&D)
and labour training if better legal Protection were available.”

Maskus, Dougherty and Mertha further opine that countries that have weak IPRs find themselves isolated from modern technologies.
Thus, they have high technology distance.™

2.2. Legal Framework for the Protection of Patentsin Nigeria

a. Patentable inventions™ and criteria for patentability™"

The Patents and Designs Act does not define the word invention. The Act however sets out the conditions under which an invention
will be deemed patentable. Accordingly, an invention is patentable:

a) If it is new, results from inventive activity and is capable of industrial application; or

b) If it constitutes an improvement upon a patentable invention and also is new, results from inventive activity and is capable

of industrial application.™
The Patents and Designs Act is also silent on the meaning of ‘capable of industrial application.’
Accordingly, the criteria for patentability are the following:

1. The invention must be new, must result from inventive activity and must be capable of industrial application.

The above criterion shows that newness or novelty (as it is commonly referred to) is a sine qua non for patentability. The Act
currently under review further explains when an invention is new. Thus, an invention is new if it does not form part of the state of the
art.” State of the art means —

e “Everything concerning that art or field of knowledge which has been made available to the public anywhere and at any time
whatever (by means of a written or oral description, by use or in any other way) before the date of the filing of the patent
application relating to the invention or the foreign priority date validly claimed in respect thereof, so however that an
invention shall not be deemed to have been made available to the public merely by reason of the fact that within the period of
six months preceding the filing of a patent application in respect of the invention, the inventor or his successor in title has
exhibited it in an official or officially recognized international exhibition.”*"

It follows from the foregoing that, apart from the singular exception of the invention being exhibited in an official or officially
recognized international exhibition within the period of six months preceding the filing of the patent application, publication by the
following means will invalidate novelty and render the product not patentable:
a) Oral disclosure.
b) Publication by document.
¢) Prior use.
2. The invention must constitute an improvement upon a patented invention and must also be new, must result from inventive
activity and must be capable of industrial application.
This second condition demonstrates the fact that an invention will also be deemed patentable if it constitutes an improvement upon an
existing patented invention.™ It is, therefore, immaterial that a process similar to it has already been invented.
b. Non-Patentable Inventions _
The Act also specifically enumerates inventions for which a patent can never be granted.”™ Accordingly, a patent will not be granted
for -
a) Plant or animal varieties or essentially biological processes for the production of plants or animals (other than micro-
biological processes and their products).

xvii
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b) Inventions, the publication or exploitation of which would be contrary to public order or morality, (it being understood for
the purposes of the paragraph that the exploration of an invention is not contrary to public order or morality merely because
its exploitation is prohibited by law.
c. Right to a Patent
The Patents and Designs Act provides a guide as to who has a right to a patent.
Persons who may apply to register a patent

1. Statutory Inventors
Section 2(1) of the Patents and Design Act provides —

e “_..theright to a patent in respect of an invention is invested in the statutory inventor, that is to say, the person who, whether
or not he is the true inventor, is the first to file, or validly to claim a foreign priority for, a patent application in respect of the
invention.”

The foregoing provision clearly indicates that the first to file a claim will obtain a right to a patent in respect of the invention. It is
immaterial that he is not in fact the true inventor. However, the Act further provides that the true inventor is entitled to be named as
such in the patent, whether or not he is also the statutory inventor, and the entitlement in question shall not be modifiable by
contract.™ The Patents Law, however, protects the true inventor. It provides —

e  “If the essential elements of a patent application have been obtained by the purported applicant from the invention of another
person without the consent of that other person (or his said successor in title) without the consent of that other person (or his
said successor) both to the obtaining of those essential elements and to the filing of the application, all rights in the
application and in any patent granted in pursuance of it shall be deemed to be transferred to that other or his said successor, as
the case may be.”™™

d. Procedure for Patent Application )
Every patent application must be made to the Registrar of Patens and Designs.”™™" The application must contain the applicant’s full
name and address; a description of the relevant invention with any appropriate plans and drawings; a claim or claims; and such other
matter as may be prescribed.”™" The aforementioned description must disclose the relevant invention in a manner sufficiently clear and
complete for the invention to be put into effect by a person skilled in the art or field of knowledge to which the invention relates.™"
Furthermore, the claim or claims as aforementioned must define the protection sought and shall not go beyond the limits of the said
description.”Finally, the application for patent must be accompanied by the prescribed fees; and where appropriate, a declaration
signed by the true inventor requesting that he be mentioned as such in the patent and giving his name and address; and if the
application is made by an agent, a signed power of attorney.™"
e. Examination of Application for Patent Grant .
Every patent application must be subjected to examination to ensure it conforms to section 3(1), (3) and (4).”" If on the examination
of the application it is discovered that the formal requirements of Rule 11 of the Patent Rules in the Act have not been complied with,
the Registrar must reject the application. Where, however, the examination shows that the application satisfies the requirements of
Rules 8 and 11 of the Patent Rules, then the Registrar is obliged to grant the patent,”" without further examination and, in particular,
without examination of the questions.™™
f.  Grant of Patent
Patent is granted by issuing the patentee a document containing the relevant number of the patent; the name and address of the
patentee; the date of the patent application and the grant; if foreign priority is claimed, an indication of the fact, and the number and
date of the application on which the claim is based and the name of the country where it was made; the description of the invention
(with any relevant plans and drawings) and the claims; where appropriate, the name and address of the true inventor.™
Notwithstanding the grant, the patent is granted at the risk of the owner without guarantee of their validity.™™
g. Rights Conferred upon a Patentee
A patent confers upon the patentee the right to preclude any other person from doing any of the following acts —
a. Where the patent has been granted in respect of a product, the act of making, importing, selling or using the product, or
stocking it for the purpose of sale or use; and
b.  Where the patent has been granted in respect of process, the act of applying the process or doing, in respect of a product
obtained directly by means of the process, any of the acts mentioned above.™"
h. The Scope of the Protection Conferred by a Patent
The scope of the protection conferred by a patent will be determined by the terms of the claims; and the description (and the plans and
drawing if any) included in the patent shall be used to interpret the claims.™"
Furthermore, the right under a patent —
a. Will extend only to acts done for industrial or commercial purposes and
b.  Will not extend to acts done in respect of a product covered by the patent after the product has been lawfully sold in Nigeria,
except in so far as the patent makes provision for a special application of the product, in which case the special application
will continue to be reserved to the patentee.™™"
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2.3. Innovation and Economic Development in Nigeria

There is virtually no sector of the Nigerian economy that does not need innovation. With time as we continue to enhance our
innovation capabilities, a larger percentage of the sectors of the Nigerian economy will become strong pillars of economic
development in Nigeria.

2.3.1. Oil and Gas Sector

The major compositions of energy in the world are crude oil, coal, solar etc. Crude oil however has always been the major source of
energy that is most important to countries of the world that have the drive for industrialization. Petroleum provides over 50% of all
commercial energy consumption in the world. The size, international characteristic and role assumed by the petroleum industry were
noted to have originated from the idea that petroleum is resourceful as it currently satisfies a wide variety of energy and related
needs.”™" Crude oil has played an important role in our modern civilization. It has transformed agriculture and industry and has
revolutionized the means of transport.”*" The production of crude oil is based on natural endowment, hence only few countries of the
world have the privilege of producing the commodity in commercial quantities.”*""

Nigeria is the 10th largest oil producer in the world.”™"™ She is also the world’s fourth largest oil exporter, with proven oil reserves
ranging from 25 to 35.2 billion barrels, with current production at close to 2.3 million barrels per day.™*™

The oil and gas sector plays a very dominant role in the economy of Nigeria. The oil and gas industry has been described as the largest
among all industries in the Nigeria. The Nigerian economy relies heavily on the revenue derived from petroleum products, as they
provide 70% of government revenue and not less than 95% of foreign exchange earnings.” The Nigerian government earns income
from oil through the sale of crude, gas; Petroleum Profit Tax (PPT), royalties and rent from the industry operators. Lack of
technological innovation in the Nigerian oil and gas sector has had negative implications on the nation. Oil and gas are not only
wasted but the Nigerian environment also depleted over the years due to lack of expertise. According to the 2008 BP Statistical
Energy Survey, Nigeria had proved natural gas reserves of 5.29 trillion cubic meters, 2.98% of the world total. Due, mainly, to the
lack of a gas infrastructure, 75% of associated gas is flared and 12% re-injected."" These flared gasses, if properly harnessed, will be
advantageous to the Nigerian economy. Again, crude oil exploration has led to environmental problems in the producing communities.
This has adversely affected livelihood activities in agriculture leading to low income.

Therefore, the oil and gas sector of Nigeria is in dire need of innovation. After decades of significant petroleum sector development,
Nigeria still relies heavily on international oil companies (IOCs) and overseas contractors for 95% of this activity. The resource
development has been carried out largely by the IOCs as operators in joint ventures with the Nigerian National Petroleum Corporation
(NNPC). The oil and gas sector is characterized by a low prevalence of technological innovation.™ In a research conducted on the
indigenous oil and gas SMEs in Nigeria, it was revealed that the dominance of product innovation was 17% while process innovation
was 22%. Therefore, the dominance of technological (product and process) innovations was low."The foregoing research also
suggests that a significant proportion (84.8%) of the Nigerian indigenous oil and gas firms do seek information from external sources
to support their innovativeness. Less than one quarter of the firms (15.2%) depended on internal information for innovation, either
within the firms or from the parent’s firm."

2.3.2. Agricultural Sector
In Nigeria, as in most developing countries, the main occupation of the people is agriculture and about 65% of the population is
engaged in it."" However, before the oil boom, a much more percentage of the population engaged in agriculture. In the 1960s, before
it turned to oil, Nigeria was one of the most promising agricultural producers in the world. Between 1962 and 1968, export crops were
the country’s main foreign exchange earner. The country was number one globally in palm oil exports, well ahead of Malaysia and
Indonesia, and exported 47 percent of all groundnuts, putting it ahead of the US and Argentina."""
According to Ragasa, crops remain the dominant agricultural activity in Nigeria. The crop subsector contributes about 85 percent to
the agriculture GDP, whereas livestock contributes about 10 percent, fisheries about 4 percent, and forestry about 1 percent. Of the
crops subsector, roots (in particular, cassava and yam) dominate in tonnage, though cereals (maize, sorghum, rice, and millet) are
becoming important for the domestic demand for food. The roots group accounts for 9 percent of GDP, whereas cereals account for 8
percent.*The Nigerian agricultural environment is highly fertile, and it is rich in bio-diversity. The lands across the country can grow
and support almost all the crops that exist around the world. However, despite the natural endowment the country has, food production
is deteriorating." Again, her status as an agricultural powerhouse has declined, and steeply. It is noted that while Nigeria once provided
18 percent of the global production of cocoa, second in the world in the 1960s, that figure is now down to 8 percent. And while the
country produces 65 percent of tomatoes in West Africa, it is now the largest importer of tomato paste.” Again, while Nigeria is
regarded as the largest producer of cassava, output per hectare remains one of the lowest in the world principally due to poor
technological development."
Today, Nigeria has transitioned from being a self-sufficient country in food to being a net importer, spending $11bn on imports of
rice, fish and sugar."" Nigeria imports over 1.3 Trillion Naira in wheat, rice, sugar and fish every year."'The consequence of the
deteriorating Nigeria’s agricultural sector includes the following:

a. Nigeria’s food imports are growing at an unsustainable rate of 11% per annum.

b. Relying on the import of expensive food on global markets fuels domestic inflation.

c. Excessive imports putting high pressure on the Naira and hurting the economy.

d. Nigeria is importing what it can produce in abundance.
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e. Import dependency is hurting Nigerian farmers, displacing local production and creating rising unemployment.
" Import dependency is neither acceptable, nor sustainable fiscally, economically or politically."

Furthermore, the World Bank recently predicted an up to 30 percent drop in the country’s crop output due to erratic rainfall and higher
temperatures.’

According to Ragasa, the agricultural innovation systems approach emphasizes a stronger link of knowledge systems (research,
extension, education) with markets and other actors in the supply chains, as well as with those in the broader policy environment."" To
her, strong agricultural research and development (R&D) is crucial for improving agricultural productivity and efficiency, which in
turn both lead to agricultural development, food security, and poverty reduction."™

Furthermore, this agricultural innovation system changes how research is done, with a shift in focus from research outputs and
productivity to the use and adoption of technologies being generated by research, as well as to how those technologies are helping to
solve the problems of farmers and to alleviate the constraints of supply chain actors.*However, several studies have shown that in
many developing countries, in particular in sub-Saharan Africa, there is persistent underinvestment in R&D and weak research
capacity, both of which continue to undermine agricultural productivity and growth in these countries.Again, in a survey conducted
on the research institutes in Nigeria, it was revealed that the status of research performance presented so far indicates an overall weak
innovation capacity of Nigeria’s researchers and research organizations. At the individual researcher’s level, about 40 percent of
individual researchers do not have any knowledge regarding the adoption or impact of new varieties or breeds that they produced, and
20 percent do not have information on the adoption or use of new management practices or technologies that they developed.™
Furthermore, the survey revealed that 86 percent of the research institutes do not have an intellectual property rights (IPR)
strategy.™"The foregoing has revealed how great and urgent the Nigeria’s agricultural sector needs innovation.

2.3.3. Pharmaceutical Sector
According to Berger et al, the African population has the world’s highest burden of infectious and neglected diseases, and faces a
rapidly-rising burden of non-communicable diseases. They further stated that Africa is home to 11% of the world’s population and
consumes less than 1% of global health expenditure. Yet it carries 25% of the world’s burden of disease.™™ The hardest hit groups are
women and children. Half the world’s deaths of under-five’s are on this continent. According to Berger et al, this situation is further
compounded by a lack of access to essential medicines for many of the affected populations.™ It therefore appears reasonable to say,
considering the significance of the Nigerian population in the African continent, that Nigeria would at least have a fair share of this
percentage of the world’s burden of disease. Although the foregoing is reasonably true, the International Federation of Pharmaceutical
Manufacturers Associations (IFPMA) has rightly pointed out that healthcare, science and medicine challenges are global, and all
parties need to collaborate to meet these challenges effectively.™ Innovation is the vital element in this effort: when the public sector,
industry, and civil society pull together to promote innovation, public health improves and lives are saved.™ According to the
IFPMA,
e “... Indeed, pharmaceutical innovation creates real benefits for public health, such as new cures for once-fatal diseases, an
increased understanding of the mechanisms of chronic conditions, and improved treatments for diseases and conditions,
leading to better health outcomes, improved quality of life and a more productive society overall....”™"

The pharmaceutical industry is important because it is a major source of medical innovation.™" Moreover, medical and
pharmaceutical innovations play an important economic role. Health care innovation is a key measure of economic productivity and
adds value to a range of other technology applications. There is strong evidence that the overall pace of innovation is set by the
pharmaceutical industry.™™ Accordingly, innovation linked to new medical technologies has therefore become an important source of
competitive advantage, especially in the emerging field of life sciences — a key driver of economic growth in the 21st century. In most
industrialized countries, health care is among the largest sectors of economic activity.”*IFPMA also identifies the innovative
pharmaceutical industry as another key element of the global knowledge economy. Research and development (R&D) based
pharmaceutical companies accounted for 10 percent of the total of Organization for Economic Co-operation and Development
(OECD) member countries R&D budget estimated at $450 billion across all sectors in 2001. According to IFPMA, both private and
public investment in life sciences and development of related technologies is widely recognized as a key engine that will drive and
determine economic prosperity in the long term.”*

Furthermore, Witty noted that diseases that disproportionately affect developing countries play a large role in stalling economic and
social development.™" Innovation efforts in developing countries can also be important for undertaking research on diseases and
conditions which particularly affect them, including the “neglected diseases” which require further R&D than is currently being
undertaken, ™"

It has however been discovered that the medical and pharmaceutical industries of the developing countries suffer a number of
challenges. Firstly, despite the apparent need for pharmaceutical innovation in key developing countries — a need that could contribute
to finding new solutions to the problem of neglected diseases — not enough is being done to make it happen. These countries still
promote policies that benefit local, copy-based pharmaceutical industries at the expense of innovation."™" Again, drug resistance is
also growing in developing countries plagued by infectious diseases such as malaria and tuberculosis. Furthermore, counterfeiting
exacerbates the problem, and is particularly dangerous for the anti-retroviral therapies used to treat AIDS. In a time past, Nigeria was
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forced to temporarily suspend imports of a number of essential medicines after discovering up to 80 percent of the imported volume
was counterfeit.™

However, African traditional medicine has an important role to play. Berger er al. noted that Africa has a comparative advantage in the
area of pharmaceutical innovation, development and production using African Traditional Medicine and the continent’s rich
biodiversity as raw materials of choice."*" The natural environment provides man with resources for his survival. Plants, animals and
minerals constitute the major natural resources used by man for preventive, curative and rehabilitative health. The World Health
Organization (WHO) estimated that some 80% of people living in developing countries use traditional medicine to address their health
care needs.™""

However, it must be noted that development of the pharmaceutical innovation sector requires the presence of a critical mass of
knowledgeable, skilled and motivated professionals, and an enabling institutional environment."*""Furthermore, it has been noted that
the Nigerian local market of pharmaceutical producers (accounting for an estimated 35.0 percent of market size) is a highly
fragmented one. The industry consists of 128 registered local pharmaceutical manufacturing companies, 292 registered importers, 724
registered distributors as well as large number of unregulated manufacturing, importing and distribution businesses.™ "It therefore
appears reasonably to opine that Nigeria is not left out in Africa’s low level of medical and pharmaceutical innovation. However, it is
clear from our foregoing discussions that the Nigeria’s rich source of bio-diversity has placed her in a more advantageous position to
maximize her output in the global pharmaceutical industry. Hence, considering the health and economic importance of the
pharmaceutical industry, innovation in the Nigerian pharmaceutical becomes of great importance.

2.3.4. Information and Communication Technology (ICT)
The Information and Communication Technology (ICT) has become an important component of the modern world. Its importance can
never be overemphasized. Rapid advances in information infrastructure are dramatically affecting the acquisition, creation,
dissemination, and use of knowledge, which in turn affects economic and social activities, including how manufacturers, service
providers, and governments are organized, and how they perform their functions. A good ICT backbone is an absolute requisite for
a functioning knowledge economy.™ The advent of commercial internet and telecommunication usage globally had positively
impacted the business community in different ways. It essentially expanded the number of business opportunities available to people.
In effect, Internet is helping to create a perfect market environment where timely access to relevant information is frictionless.™
Nowadays, the internet provides access to almost the entire spectrum of human knowledge, but it is also a conduit for business
services and a channel to market for Nigeria’s software developers and other IT-enabled services.™ " Nigerians need to be able to
communicate with one another and access the internet for business, research, academic purposes, etc. Hence, innovation in the
Nigerian ICT sector becomes imperative. Although the modern ICT sector in the country has a relatively new history when compared
with the case in developed and emerging economies, the Nigerian government has over the past decade put in place a number of
measures to facilitate and create a progressive environment for an enterprising ICT led economy. Among such measures are:
1. The establishment of the Nigerian Communication Commission (NCC) and the subsequent enactment of the Nigerian
Communication Commission Act of 2003.
2. The introduction of a national policy for information and technology in January 2002. This was geared towards the use of
ICT in promoting and supporting private sector industrial growth in Nigeria.™"
3. The liberalization of the ICT sector which made way for the licensing of private internet service providers, GSM providers,
as well as commissioning of fixed wireless telephone companies in the country.™"
Due to accelerated liberalization over the past 10 years, the Nigerian telecom sector has experienced outstanding growth rates in
excess of 37 percent."™ Since the liberalization programme that commenced in 1999, the Nigerian ICT sector has become an active
global force, with functional information (internet and data services) and an active communication sub-sectors (digital radio spectrum
and telephone services)."™"" There are however many challenges in the ICT industry. Recently, the Global Innovation Index (GII)
2014 surveyed 143 economies around the world, using 81 indicators to gauge both their innovation capabilities and measurable
results. In terms of ICT development, Nigeria ranks 112 out of the 143 economies surveyed in the GII 2014. This ranking reflects that
Nigeria’s ICT development is only 19. 4%. Nigeria was also ranked 131 (0.6 %) in terms of online creativity.™"""
One of the challenges in the Nigerian ICT industry is high internet accessibility cost. It has been observed that although mobile
internet access is increasingly becoming the service of choice for most business and residential customers, prices are still very
hi gh'lxxxix
Although internet penetration and usage in Nigeria continues to grow, it is however at a much slower pace than voice services. While
the household penetration is low, most of the large towns and cities have Internet cafes that service much larger
populations.*Furthermore, the Nigerian internet market is plagued by poor network quality and sluggish rollout, as well as low fixed
line and personal computer (PC) penetration. This is further compounded by the lack of a robust national fiber backbone for trunk
transmission.™ Summarily, the development of ICT in Nigeria is still hampered by factors such as:
1. High internet cost, including costs of connection services, communication, hosting charges of websites and soon.
2. Still-low internet penetration and usage rates by international standards.
3. Limited competition in the industry.
4. Security challenges and inadequate regulatory framework.
The foregoing reflects the need for an enlightened entrepreneurial and technological innovation in the Nigerian ICT sector.
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2.3.5. Power/Energy Sector .

It has been proven over the years that constant power supply is the hallmark of a developed economy.*" The standard of living of a
given country can be directly related to the per capita energy consumption.*™ Therefore, any nation whose energy need is epileptic in
supply, prolongs her development and risks losing potential investors.* " Throughout the world, electricity is the most widely used and
desirable form of energy. It is a basic requirement for economic development, national development, meeting the Millennium
Development Goals (MDGs), and for an adequate standard of living.*" Energy fuels productive activities including agriculture,
commerce, manufacturing, industry, and mining. Future economic growth crucially depends on the long-term availability of energy
from sources that are affordable, accessible, and environmentally friendly.*" Conversely, a lack of access to energy contributes to
poverty and deprivation and can contribute to the economic decline. Energy and poverty reduction are not only closely connected with
each other, but also with the socioeconomic development, which involves productivity, income growth, education, and health.*""
Electricity production in Nigeria over the last forty years has varied from gas-fired, oil-fired, hydroelectric power stations to coal-fired
stations with hydroelectric power systems and gas-fired systems taking precedence. This is predicated by the fact that the primary fuel
sources (coal, oil, water, gas) for these power stations are readily available.*""It has been practically advocated that renewable energy
has an important role to play in meeting the future energy needs in both rural and urban areas of Nigeria.*™ The need for sustainable
energy is rapidly increasing in the world. A widespread use of renewable energy is important for achieving sustainability in the energy
sectors in both developing and industrialized countries. Moreover, Nigeria is blessed with a large amount of renewable natural
resources, which, when fully developed and utilized, will lead to poverty reduction and sustainable development.“Therefore, the
energy sector is very strategic to the development of the Nigerian economy. In addition to its macroeconomic importance, it has major
roles to play in reducing poverty, improving productivity, and enhancing the general quality of life.”

However, Nigeria has for the past thirty-three years of establishment of the National Electric Power Authority (NEPA) now Power
Holding Company of Nigeria (PHCN) empowered with the electricity generation, transmission and distribution, witnessed frequent
and persistent outages.™ Today, 60% to 70% of the Nigerian population lacks access to electricity.”" The rural areas are worst affected
due to little access to electricity. The daily needs of the rural populace for heat energy are therefore met almost entirely from fuel
wood,™ thereby resulting in their use of costly and sometimes dangerous sources of energy. In the Global Innovation Index 2014
survey, Nigeria ranked 117 (166.4%) out of the 143 countries surveyed in terms of electricity output (kWh/cap). This ranking reflects
a weakness in the country’s electricity output. In terms of GDP/unit of energy use (2005 PPP$/kg oil eq.), Nigeria ranks 109 (3.1%).”
The inefficiency as well as the inadequate facilities to boost electricity supply also have been the major causes of the increasing gap
between the demand and the supply of electricity. These acute problems in the supply of electricity in Nigeria have hindered its
development despite the nation’s vast natural resource. Power generation facilities are either in poor shape or have inadequate gas
supply. Also, the transmission and distribution networks are poorly maintained and inefficiently operated thereby making it difficult to
move power from generation sites to consumption points. The economic environment is concerned with the set of economic
conditions prevalent in an economy. Power supply constitutes one of those factors that affect the economic environment.”" Therefore,
unreliable, inadequate or complete lack of power supply affects an economy negatively. Such a condition is not favourable to the
innovator-entrepreneur.

The Council for Renewable Energy of Nigeria estimates that power outages brought about a loss of 126 billion naira (US$ 984.38
million) annually.®" Apart from the huge income loss, it has also resulted in health hazards due to the exposure to carbon emissions
caused by constant use of ‘backyard generators’ in different households and business enterprises, unemployment, and high cost of
living leading to a deterioration of living conditions.”"'The foregoing accounts for the reason why the Nigerian environment has little
or nothing to offer so as to attract foreign innovators considering that the cost of providing power is high. Furthermore, most
technological activities that require constant power supply are jettisoned because of unreliable power supply. Therefore, technological
and entrepreneurial innovation in the Nigerian energy/power sector becomes imperative.

2.3.6. Emerging Issue: Biotechnology _

Biotechnology, at its core, is about understanding life and using this knowledge to benefit people.“*Biotechnology has been defined as
‘the processing of materials by biological agents.” The biological agents being microorganisms, cultured cells and
enzymes.  Biotechnology includes industrial activities based on fermentation, cell-culture and biocatalytic processes and those areas
which involve the application of cellular and molecular biology. It also embraces emerging biotechnology, which is the integrated use
of biochemistry, microbiology and engineering science in order to achieve the technological applications of the capacity of the
microbes and tissue cells.™

Biotechnology is intimately tied to science and scientific knowledge and has been seen by many as a significant force in improving the
quality of people’s lives in the 21* century.™" Biotechnology has played a significant role in providing processing, designing and
production of valuable commercial products utilizable in many area of the society (e.g. agriculture, medical, health care, industry,
environment, etc.).”""Biotechnology plays an important role in agriculture. Plant improvement by the traditional methods of selection
and crossbreeding is as old as agriculture itself. However, according to Irefin, Ilori and Solomon,

e ... These methods have been improved upon in the light of recent advances in the knowledge of genetics and physiology of
plants. The effects have been the increase in the varieties and per hectare yields of crops such as maize, wheat and rice.... In
addition to improving yield, the main purpose of selection is to obtain new varieties, which are resistant to parasites, as well
as bacterial and viral diseases. A number of new techniques have been developed with the aim of reducing considerably the
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time needed for a new variety to be put on the market and brought into large-scale cultivation. They also make possible,
crossbreeding of species that are too far apart for normal sexual reproduction, thereby creating an entirely new plant
variety. "

Biotechnology is also vital in animal production. Conventional farming has also benefited from animal biotechnology. For example,
while cows produce milk in greater quantities, it is an established fact that sheep produce milk that is both more nutritious and better
suited chemically for the manufacture of butter and cheese, than the milk from cows. Researches are in progress towards combining
these traits.”*"

There is no doubt that genetic engineering will enhance the sustainability of agriculture by solving the very problems affecting
conventional farming, and will save farmers of the developing world from low productivity, poverty and hunger.”™" Genetic
engineering is being applied to increase the production of pork products, by the insertion of a gene into pigs that boosts production of
growth hormones. It is now possible to market the animals in 17 weeks instead of the current 22 to 25 weeks.™" Irefin, Ilori and
Solomon noted that the knowledge of genetic engineering is also employed in the improvement of ‘biological insecticides” — microbes
that attack pests — and have enormous ecological advantages over their chemical counterparts.™""Nowadays, biotechnology plays an
enormous role in improving health. It has been noted that the benefits deriving from biotechnological innovations will lead to major
improvements in the health and well-being of the world population.”*More recently, the biotechnology revolution has transformed the
nature of drug discovery and the structure of the pharmaceutical industry.”™*

It has, however, been discovered that the problems with the application of biotechnology in developing countries are enormous.
Planting biotechnologically improved seeds and other materials is an expensive venture, which cannot be afforded by many farmers in
developing countries. For example, the seeds from tissue cultured plants are expensive so also are the genetically engineered seeds.
Studies™™ showed that in Nigeria, most farmers could not adopt the biotechnologically improved crop and varieties because of lack of
money to buy the seeds and maintain them. Irefin, Ilori and Solomon stated that modified seeds and planting materials need adequate
water through irrigation, fertilizers, pesticides and herbicide applications, which cost a lot of money. The reagents and enzymes
needed are also very costly and because of their unstable nature, they cannot be stored for a long time. Also, the laboratories must be
well staffed and fully equipped.”™™"

Technology transfer in biotechnology requires a minimum amount of technical and legal capability which Nigeria lacks at present.
According to Irefin, Ilori and Solomon, while the benefits that accrue to the countries that have been actively engaged in
biotechnology are immense, especially in agriculture, Nigeria is yet to reap these benefits of biotechnology. Although the country has
a biotechnology policy, there is, however, no law at present for the purpose of working this policy. However, that is not to say that the
country is totally inactive in this field. They noted that the fact is that, there were no empirical studies on the impacts of biotechnology
in the area of agriculture. In a study conducted by them into the nature and extent of the agricultural biotechnology R&D and
innovations in Nigeria, it was discovered that:

e “About 55% of the research scientists claimed that their engagement in agricultural biotechnology R&D and innovations was
mainly for promotion, in order to enhance their status in their careers. This is unlike the developed and newly industrializing
countries where research outputs are directed towards commercialization in order to gain competitive advantage and improve
the economic well-being of the populace... About 15% of research scientists in biotechnology were ignorant of the procedure
for patenting under the Nigerian legal system, while 30% claimed that the procedure was too rigorous. Probably these
scientists (45%) were interested in the commercialization of their inventions but could not do so for the reasons stated
abOve'”CXXlll

Furthermore, the qualifications of researchers and their areas of specialization in agricultural biotechnology and other related areas
indicate that, majority of the researchers had MSc (51.43%), and PhD (40%) as their highest qualifications in biotechnology and other
related fields. This trend is expected because biotechnology R&D and innovations has high scientific R&D content and requires
availability of highly qualified manpower that could handle very sophisticated equipment and processes. This outcome emphasizes the
need for investment in capability building, most especially human resources development in this discipline. Hence, for any meaningful
research output to be achieved the research institutes must be adequately staffed with highly qualified biotechnologists.”™" These
highly qualified biotechnologists will indeed help to drive innovation in biotechnology R&D in Nigeria.

3. The Role of Innovation in the Economic Development of Nigeria

Innovation is a key driver of competitiveness, job growth, and a higher standard of living for future generations.™*" This is because
innovation is not just about invention and discovery, just as critical is the application of invention and discovery to economic good.”*"
According to the United Nations Development Programme (UNDP), technological breakthroughs ‘are pushing forward the frontiers of
how people can use technology to eradicate poverty’, as they ‘are creating new possibilities for improving health and nutrition,
expanding knowledge, [and] stimulating economic growth.™*""

According to Odia and Omofonmwan, a review of Nigeria’s economic development between 2000 to date revealed that overall
macroeconomic policies and development strategies have failed to provide an enabling environment that could alter the structure of
production and consumption activities in order to diversify the economic base. The country has continued to be a mono-cultural
economy, depending on oil, indicating that the export base is yet to be diversified.“*" They further noted that Poverty and inequality
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is wide spread with about 71 million Nigerians living below $1 a day. Socio statistics such as infant, (under 5) and maternal mortality
rate as well as unemployment rate are higher than the averages for developing countries.”**
We shall at this point consider the roles innovation will play in the economic development of Nigeria.

3.1.1. Diversification of the Economy

From time immemorial, diversification of economies plays an important role in increasing the wealth of nations. A nation which has
diverse sources through which it earns its income has greater potentials to defeat the risk of failure in its economy. The case of the
United States has taught that science and technological innovation is necessary for the diversification of an economy. All other
economic advantages to a great extent hinge on the diversification of the economy. Economic diversification brings about increased
productivity which in turn is more likely to enhance economic growth. However, it is not enough that the economy is diversified. A
relative balance of the proportions of the diversification is also as important as the diversification itself. It is for this reason that
diversifying African economies is not an easy task. One of the key challenges is how to overcome over-specialization, whereby some
countries have developed systems and know-how for one specific area of the economy but find it difficult to transfer these to other
sectors and activities.”™* This indeed speaks true of the case of Nigeria since its mono-cultural economy has made little impacts on its
citizens, notwithstanding its rich natural resources.

Diversification of the Nigerian economy is long overdue. This is because countries dependent on just a few commodities for their
revenue are vulnerable to boom and bust cycles as the prices of commodities are subject to wide fluctuations.”™ Salomon indeed
rightly pointed out that heavy dependence on a small number of primary commodity products exposes a country to the negative effects
of unfavorable characteristics of world demand and negative supply side features of these primary products.”**" Therefore, the need
for expanding the beneficiation of such products, and seeking sustainable utilization where possible, are priorities for Nigerian
economic growth and diversification.

It has been noted that among the various factors that have the potential to drive economic diversification, a country’s natural resources
are crucially important. These resources can be exploited to increase the range of exports and goods a country produces, especially
through beneficiation, whereby additional value can be created from the resources extracted. ™" Therefore, Nigeria in this regard has
great advantages in the diversification of its economy.

However, as we have noted earlier in this work, the significance of technology over natural resources cannot be overemphasized.
Whereas, a country that invests more in technology in the present relative to sole dependency on natural resources will have more of
both technological goods and natural resources products in the future. The nation will thus experience more economic
development.”™ " There is nothing that enhances diversification of the economy more than innovation. Advances in science and
technological innovation have over the years helped to diversify the economies of the western world. The result is increased
productivity which led to economic growth. Moreover, consistent economic growth is more likely to bring about economic
development. It has also been noted that advances in Science and technology can help to diversify the Nigerian economy, by
improving productivity in sectors like agriculture, while defining new ones.”™*" Innovation in the Nigerian agricultural sector can help
to incentivize a greater population of Nigeria to venture into the agricultural sector. This is realizable since the country has viable
environment necessary for plant and animal productions.

Nigeria is blessed with a large population. A large population can to a great extent indicate large availability of market. Certain
economic activities thrive where there is large availability of market. For instance, investments in information and communication
(I&C), energy/power, pharmaceutical activities, etc., pay better where there is a large market for them. Moreover, as we have noted
earlier in this work, information and communication technology (ICT) has made a recommendable impact on the Nigerian economy.
Therefore, diversification of Nigerian economy by innovating in the ICT sector can boost the Nigerian economy the more by reducing
the cost of communication, internet services, etc. Same is true in the case of other mentioned sectors. Just like the United States,
diversification of the Nigerian economy will bring about increase in manufacturing activities. With time, these activities will mature to
exportation activities which in turn will earn the country foreign exchanges. The Nigerian economy will thus be boosted.

3.1.2. Economic Growth

Economic growth results from several factors, but among the most important in recent decades has been innovation.
Technological progress can, in principle, drive economic growth without limit, thanks to the unique properties of technological
knowledge as an economic asset.”™""

Economic growth closely depends on the synergies between new knowledge and human capital, which is why large increases in
education and training have accompanied major advances in technological knowledge in all countries that have achieved significant
economic growth.”™" Therefore, the enhancement of a nation’s human capital will lead to economic growth by means of the
development of new forms of technology and efficient and effective means of production.™*In today’s knowledge-based world,
information and communication technology (ICT) plays an increasingly central role in economic growth and productivity. According
to Ismail and Giulia, recent evidence has shown that an increase of 10 mobile phones per 100 people can boost GDP growth by 0.6
percent and a 1 percent increase in the number of Internet users can increase total exports by 4.3 percent.“'Innovation linked to new
medical technologies has also become an important source of competitive advantage, especially in the emerging field of life sciences —
a key driver of economic growth in the 21st century.*"

CXXXVi

Productivity, Export Growth and Foreign Exchange Earnings
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Innovation is necessary for export growth. Countries that engage in export activities have greater potentials to earn foreign exchange.
The words of Salomon are indeed worthy of note:
“As recognized since the mercantilist era, export growth is critical for any country for a variety of
reasons. At the macro level:
1) exports help generate foreign exchange;
2) export receipts are vital to finance import and exports;
3) the small size of many developing countries and their negligible purchasing power call for the need to
explore larger market scales;
4) exports contribute to employment and growth of national product.
At the micro level, it is now well established that:
Exporting firms are more efficient than their counterparts selling primarily on domestic markets; and exporting firms serve as conduit
for technology transfer and in generating technological spillovers with positive backward and forward linkages to domestic
economy... Exporting firms are more productive than domestically oriented firms and help achieve higher growth.”*"
According to Salomon, when export is concentrated in a few primary commodities, there can be serious economic and political risks.
According to him, export diversification aims at mitigating these economic and political risks.”""Economic risks to be mitigated
include: in the short term, volatility and instability in foreign exchange earning which have adverse macroeconomic effects (on
growth, employment, investment planning, import and export capacity, foreign exchange cash flow, inflation, capital flight an
undersupply of investments by risk averse investors, debt repayment); and in the long term, secular and unpredictable declining terms
of trade trends which exacerbate short run effects.”" Manufactured exports are particularly highly employment intensive, especially
when inputs (Capital and raw materials, labor) are sourced locally.®"
Increased productivity will help to boost Nigerian export potentials. For instance, Irefin and Ilori noted that the agricultural
biotechnology R&D and innovations, if properly managed, will increase the level of production by increasing the yields and the
nutritional levels of the crops. Nigerian export potentials and the provision of raw materials for the agro-industries will also get a
boost by way of increased productivity.”""Therefore, innovation is the cornerstone of the foregoing important roles of exports on an
economy. Export diversification will help to put across the globe made-in-Nigeria goods, thereby bringing about economic
development in the country.

3.1.3. Employment Opportunity, Standard of Living and Reduction of Poverty

In the 21st century, innovation is what produces wealth and creates jobs. History is quite clear on the importance of innovation to
sustained job creation. The nations that have leveraged the fruits of science and technology for greater social and economic good have
led the world in well-paying jobs and standard of living.®™"

Innovation is the key driver of competitiveness, wage and job growth, and long term economic growth.”" Furthermore, ensuring a
country is competitive and has sufficient capacity to innovate is also crucial because the number and quality of jobs is strongly
dependent on these two concepts. As competitive businesses grow, they hire more workers and they also tend to pay well; a number of
studies have shown that highly productive firms pay above-average wages.™"™ Furthermore, competitive and innovative firms create
good jobs. Wages for workers in innovative and competitive firms tend to be higher than wages elsewhere.“The United States
Department of Commerce indicated that innovation leads to new firms. It stated that between 1980 and 2007, on average over 500,000
new businesses with employees started each year. These new firms produced an average of 3 million new jobs a year."

Indeed, science and technological innovations create more jobs than non-science firms and industries. According to the United States
Department of Commerce, a report shows that the science, technology, engineering, and mathematics (STEM) workforce earned about
26 percent more than their counterparts in non-STEM occupations. The United States public investment in the human genome project,
for example, had a return on investment of more than 14,000 percent in terms of economic output per federal dollar invested since
1988, and has led to the creation of millions of biotech jobs that could not have existed without it. Similarly, a seemingly tiny
investment of the Defense Advanced Research Projects Agency (DARPA) spawned the Internet, giving rise to billions of dollars in
economic activity, new businesses, and, more importantly, new ways of doing business.”™

The foregoing discussions have revealed that science and technological innovation enhances the standard of living of nations. Indeed,
innovation will help to enhance the standard of living of Nigerians. For instance, incentivizing innovation in the pharmaceutical,
power, ICT sector™, biotechnological activities, etc., has the capacity to enable many Nigerians to put food on their table. Innovation
in the power sector of Nigeria is a potential source of employment. When a good number of electricity companies crop up, invariably
they will need human labour to operate and maintain the companies, which means creation of employment opportunities for the vast
majority of Nigerians that are jobless.”™ Many graduate engineers and technologists roaming the streets in search of unavailable jobs
will finally heave a sigh of relief as most of them will be absorbed by the emerging independent power producers.” The private sector
of course will play an important role in creating jobs. This will go a long way to reduce the level of poverty in Nigeria.

3.1.4. Improved Health Standard

Better health creates more wealth. Some decision makers recognize that the ultimate benefit of stronger pharmaceutical innovation in
Africa goes beyond curing disease and delivering medicines; saying that a healthier workforce brings significant economic gains to a
country, as people can better contribute to economic development.”*'Science and technology also play a key role in improving the
quality of life. For instance, research in healthcare has proven vital to the prevention, diagnosis and treatment of various killer
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diseases.™" Furthermore, the genetic engineering or r-DNA techniques have applications in areas of health.®™" Technology and
innovation can introduce significant improvement and services into health services. One of the best examples in this regard is the use
of ICTs to introduce telemedicine services and to improve the management of health records.™

It has been noted that the intellectual property (IP) system, and in particular the patent system, can play a pivotal role in relation to
health-related development objectives as an incentive for innovation in the pharmaceutical field and as a policy tool to facilitate
technology diffusion and access to essential drugs. Conversely, poorly structured IP systems, with an inappropriate balance between
innovation and access, can hamper the ability of governments to deliver one of their primary development objectives, safeguarding the
health of their populations.“*Therefore, pharmaceutical innovation is a vital part of improving and saving lives around the world. New
medicines, vaccines and other medical tools have revolutionized medical practice in the past century, leading to incredible health
improvements. Indirectly, these medical technology advances have contributed to economic and social development, by building
healthier and more productive societies.™

Accordingly, innovation linked to new medical technologies has therefore become an important source of competitive advantage,
especially in the emerging field of life sciences — a key driver of economic growth in the 21st century. In most industrialized countries,
health care is among the largest sectors of economic activity. ™"

4. Challenges to Innovation in Nigeria

4.1.1. Institutional Framework

Our institutional framework focuses on the institutions that promote and protect innovation in Nigeria.

Nigeria lacks the manpower and modern technology for the efficient protection of innovations. The administration of intellectual
property rights (IPRs) in Nigeria is incapacitated by inadequate skills and competence. Nigerian patent office lacks the wherewithal
necessary for proper examination of inventions in respect of which patent is sought. Moreover, persons involved in the administration
of the office and IPRs are usually not experts. The infrastructure for operation of IPR in Nigeria is still largely undeveloped.
Information Technology has not been fully developed and applied towards encouraging proper research by intellectual property (IP)
experts, students and scholars, i

Furthermore, filing of applications IPR is always slow; the process of grant of IPR could be unnecessarily long due to the limited
infrastructural facilities™" at the Trade Mark and Patent Registries. These infrastructure deficiencies have not encouraged business
development in Nigeria and with bottlenecks in passage of goods and services across borders in the region.To compound the
problems, the Patents and Designs Act™" expressly provides that patents are granted at the risk of the patentee and without guarantee
of their validity.®™" Issues as to conformity with the statutory requirements are resolved only by the court of law on the application of
an aggrieved person. ™"

Examination of patent application in Nigeria is devastating whereas some other countries have quite a comprehensive approach to
examination of patent application.”™™ Babafemi noted that the examiner in most countries has powers to declare an application
for a patent valid or invalid, the Registrar under the Nigerian Law performs purely administrative functions.”™* According to the
learned author, administrative functions, as necessary as they are, are not sufficient to promote the most desired innovative inventions
in this country.®™

Indeed, the powers of the Registrar as regards applications are severely limited. Once an application has complied with the statutory
requirements, he has no choice but to grant the application. The registrar cannot enquire as to whether the subject matter of the
application is patentable.”"™ He cannot also enquire as to whether the description and claims satisfy the statutory requirements.”™"

In some other countries (USA and India, especially), the patent office has trained examiners and the power in the first instance to
resolve issues bordering on the merits of the invention against the conditions laid down for patentability, before the matter is further
laid before the court for resolution. The merit of this is the reduction of litigations arising in relation to examination and grant of
patent. The examination by the patent office is intended to cover all possible aspects of the patent law which may affect adversely the
validity of the patent when it is granted. It is duty of the examiner to conduct search to discover the state of the art so that the novel
elements of the invention can be identified. He can object that the invention is not an invention properly so-called, having regard to the
nature of the subject-matter or it is not patently novel or even that the invention will not work. ™"

Therefore, procedure in Nigeria adopted for examination of inventions cannot be justified on the ground that the patent office is being
over-burned with patent applications. With the present workload in our patent office, it is doubtful if the Nigerian patent office
processes up to 20 patent applications a year. It is indeed baffling that under our present law, there is no provision for search at any
stage of the process for patent application.”™Indeed, a situation like this holds no hope of incentivizing innovation in the country.

4.1.2. Human Capital

Burda and Wyplosz defined human capital as the education, training, or work experience acquired by individuals. Its accumulation is
very similar to that of physical capital.**"! Lucas’ endogenous growth theory has shown that countries with a larger stock of human
capital experience higher growth rates.™"" Highly skilled and flexible human capital is essential to compete effectively in today’s
world and is a key building block of a knowledge-based economy. Such human capital enables a nation to adopt, adapt, use, and
produce knowledge, and becomes central to its development.”*""Human capital provides an interpretation of both the lack of
convergence between rich and poor countries and the link between growth, investment and saving. The more a country saves to invest
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in human capital accumulation, the faster it will grow.”™ Therefore, there is no reason to refrain from accumulating human capital
forever.™™

The efficiency of local imitation and the potential for a country to adopt, improve a new technology is dependent on its human capital
measure.” Highly human capital abundance has two implications: first, it implies that local imitation is efficient and less costly; on
the other hand, it indicates that local workers are more capable of adapting and improving the technology, thereby implying less
training and licensing cost for the innovator. In the latter case, this cost effect encourages licensing activities.”™"

Recently, the Global Innovation Index (GII) 2014 surveyed 143 economies around the world, using 81 indicators to gauge both their
innovation capabilities and measurable results. In terms of human capital development, Nigeria ranks 134 out of the 143 economies
surveyed in the GII 2014. This ranking reflects that Nigeria’s human capital development is only 12. 2 percent.™™ " Thus, Nigeria
lacks highly developed human capital in virtually all sectors of her economy.

According to Ogbu and Nwalo, no more than 10% of the Nigerian firms are approaching international standards of performance on
practices such as human resources, innovation and offshore investments.”™ " This evidences the fact that both small and large
Nigerian firms are adversely affected by lack of human capital. Small Nigerian firms often do not have the human resources to
undertake R&D in-house. Even for those progressive firms who have developed internal R&D capabilities, the availability of required
skills continues to be a major issue.”™*"

Education is very imperative for the development of a nation’s human capital. Economic theory also supports the idea of education as
a driver of growth and innovation. Investment in education improves human capital and the capacity to innovate.”™*"'While many
universities around the world are at the center of innovations, Nigerian universities are yet to realize how important their role is in
driving innovation in Nigeria."*""Hence, Nigerian Universities over the years cannot drive innovation in Nigeria.

The academic sector of Nigeria continues to witness low supply of human capital in science and technology. According to Ogbu and
Nwalo,

e  “Of more interest is the potential future supply of human resources in science and technology, which can be projected on the
basis of student enrolments in these areas. In 1996, over 4,480 students graduated in science and engineering fields,
accounting for about 20% of all graduates. This reveals a large increase over the 1990 graduate figure of 2,560. However, as
a proportion of total graduates, there was a slight decrease over this period (from 24% to 20%).”<™*"ii

The curriculum used in the universities is such that does not support innovation and entrepreneurship. This has resulted in a big
knowledge gap.”**Many Nigerian higher education institutions have few formal linkages to industry, and as a result tend to continue
teaching outdated materials and producing graduates who are ill-equipped for the working environment. The major cause of the poor
standard of education is that Nigerian government over the years does not give the needed priority and attention to higher education in
the country. The universities are poorly funded by the government resulting in brain drain, Infrastructural deficiency, knowledge gap,
poor ethical standards and inability to drive innovation in Nigeria.

4.1.3. Research/Innovation Infrastructure

Research and development is the key to global competitiveness. Those working in Research and Development (R&D) of new
technologies tend to spawn new and profitable businesses faster than others.” This, therefore, enables faster economic development
of a nation. In terms of Research and Development (R&D), Nigeria ranks 108 out of the 143 economies surveyed in the GII 2014.
This ranking reflects that Nigeria’s R&D is only 1. 9%.”“Therefore, Nigeria’s research capability and output is too low.

Doing academic research for innovation is a major goal of the universities. However, in Nigeria, there is very low interest in research.
Many university dons do not have the zeal to carry out research work. This is unlike the developed and newly industrializing countries
where research outputs are directed towards commercialization in order to gain competitive advantage and improve the economic
well-being of the populace.™"

Research facilities and innovation infrastructures are crucial for the development of a nation’s research and development. Therefore,
lack of them will debilitate against innovation. It is obvious that Nigeria is not only lacking human capital but lacks the necessary
research facilities and innovation infrastructures. Even where they available, they are either in poor state or in shambles. Obviously,
many Nigerian firms still have short rather than long term outlook. This accounts for why most view R&D as an expense and not as an
investment.”"" Furthermore, many Nigerian firms lack the requisite innovation infrastructure and tend to be risk averse in adopting
new technologies. "

4.1.4. Sophisticated Business Community

The competitiveness of the business community of science and technological industries makes it highly sophisticated. Hence, business
sophistication becomes imperative for a nation’s competitiveness in global innovation. Business sophistication concerns the quality of
a country’s overall business networks as well as the quality of individual firms’ operations and strategies. This is particularly
important for countries at an advanced stage of development, when the more basic sources of productivity improvements have been
exhausted to a large extent. Business sophistication is conducive to higher efficiency in the production of goods and services. This
leads, in turn, to increased productivity, thus enhancing a nation’s competitiveness.”

Therefore, higher productivity in the production of produce and services is the result of business sophistication, which in turn, results
in increasing of efficiency, thus enhancing the competitiveness of a nation. Moreover, business sophistication plays a main role in a
country’s economy which means that it controls the quality of a country’s business networks and strategy of individual firms in
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general. ““"However, the Global Innovation Index (GII) 2014 survey has indicated Nigeria’s low level of business sophistication.
Nigeria, therefore, ranked 128 out of 143 economies surveyed in the GII. Her business sophistication is only 21.3 percent. Science and
technology business is a competitive and sophisticated business community. The score indeed reveals Nigeria’s low level of
competitiveness in science and technology. She, therefore, cannot measure up in such business community.

5. Observations
Undoubtedly, Nigeria is lagging behind in global innovation. There are many factors contributing to this state of predicament.

1. After decades of independence, Nigeria has not made any significant change in its IP laws, the laws have remained outdated.
Nigeria still lags behind in developing an indigenous law that will address basic issues on IPRs germane to its economic and
social-cultural environment.

2. At present, Nigeria’s innovation policy is yet to make an impact on its economy. Moreover, her biotechnology policy lacks a
law that will help to achieve the policy.

3. Nigeria lacks the manpower and modern technology for the efficient operation of intellectual property right (IPR) and
protection of innovations.

4. The level of innovation and technology in Nigeria is indeed very low. It is practically evident that Nigerian scientists,
industries and firms lag behind in the field of science and engineering.

5. Nigeria imports petroleum products despite being a major producer of crude.

6. Inadequate or lack of supply of human capital and skill may continue to plague the development of technological innovation
in Nigeria over time if not tackled. Poor education system has contributed to this predicament. The three key problems of the
Nigerian education system are access, quality, and funding.

7. Nigeria’s research capability and output is too low. Moreover, there is very low interest in research. Nigeria lacks the
necessary research facilities and innovation infrastructures. Even where they available, they are either in poor state or in
shambles.

8. The country is currently faced with acute problems in the supply of electricity, which has hindered its development despite
the nation’s vast natural resource. Power generation facilities are either in poor shape or have inadequate gas supply. Also,
the transmission and distribution networks are poorly maintained and inefficiently operated thereby making it difficult to
move power from generation sites to consumption points. The foregoing accounts for the reason why the Nigerian
environment cannot attract foreign innovators considering that the cost of providing power is high. Furthermore, most
technological activities that require constant power supply are jettisoned because of unreliable power supply.

9.  Nigeria’s status as an agricultural powerhouse has declined, and steeply.

10.  One of the challenges in the Nigerian ICT industry is high Internet accessibility cost. The country continues to face an
inadequate supply of more and better ICT services for Nigerians as well as significant gaps in key market segments,
especially Internet.

11.  The Nigerian local market of pharmaceutical producers (accounting for an estimated 35.0 percent of market size) is a highly
fragmented one. It therefore appears reasonably to opine that Nigeria is not left out in Africa’s low level of medical and
pharmaceutical innovation.

6. Recommendations

1. This study recommends that the Nigerian Patent and Designs Act should be amended. In addition to the weaknesses in the
said Act exposed in this study, the purports of the amendment specifically include putting the Registrar of patents and Design
in a position to examine and invalidate any patent on grounds of non-compliance with the requirements of the law. The Act
should also be amended to make provision for publication of patent application prior to grant of patent, so as to afford the
public the opportunity to oppose applications for patent grant, where they warrant such opposition.

2. Nigeria’s innovation policy should center on a number of critical policy domains: economic, regional and industry
development, labour market and industrial relations policy, education policy, science and technology policy and immigration
policy. This article recommends positive technology policy which should provide sufficient protection to indigenous
technology and also open doors to import technology from foreign countries for general national development and
productivity. Policy objectives should minimize the risks associated with innovation (e.g. a stable and supportive
macroeconomic policy). Innovation policy should act to enhance returns to investment in R&D, and innovation generally,
while keeping costs to a minimum. This is because firms will only invest in innovation if they can expect sufficient private
returns. Furthermore, there should be fiscal policies that act to reduce expenditures on innovation-related investment in order
to incentivize people to innovate. Policy objectives should be geared towards disseminating to the public information with
respect to innovation and intellectual property right, especially patent.

3. Capable hands should be employed to administer intellectual property rights in Nigeria. Provisions should be made for
adequate infrastructure for operation of IPR in Nigeria.

4.  Emphasis should be placed on the acquisition and adoption of foreign technology through licensing, purchasing, know-how,
patents, brands, consulting services and technology transfer agreements. Nigeria should not yet venture into bogus and
sophisticated technologies (research and development in same should be encouraged). However, this should not discourage
Nigeria from moving into innovation. We recommend that rather than avoiding technological innovation, we should begin

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 512



www.ijird.com May, 2016 Vol 5 Issue 6

10.

11.

with simple innovations, while placing emphasis on adopting technology. Nigeria can always work with technological
powers where situation warrants it.

In spite of the drive for economic diversification, Nigeria should continue to develop the oil and gas sector due to the nation’s
huge reserves. The government should continue to encourage the establishment of private refineries and upgrade existing
ones to increase the production of refined oil. Oil and gas producing companies should be encouraged to gather and utilize
associated gas to eliminate flaring.

It is paramount that Nigeria focuses on education and invests in the sector. The Government should increase its funding on
education by allocating more to the sector in its budget. This will make education to be accessible to a greater population of
Nigeria. Government has the duty to create the enabling environment for the universities to drive innovation in Nigeria.
Therefore, education facilities and infrastructures should be unsparingly provided in all levels of education in Nigeria.
Nigeria needs to strengthen the quality of teaching in math and science if we must become a full-fledged knowledge
economy. A sizable cohort of people educated in math and the sciences helps a country internalize technology and
innovations developed abroad, and one day make the jump and develop new ones locally. In this way, the human capital of
Nigeria will be greatly improved. Like India, Nigerian Government should be encouraging expatriate Nigerians to return
home and help build our local human capital so as to meet up with international competitiveness.

Research and development is the key to global competitiveness. Therefore, Government should provide direct support for
research in government funded institutions. The capacity of existing research and development facilities should be enhanced.
Strong alliances with universities should be formed to develop intensive new curricula in science and technology and to
conduct joint research on new technologies. Manufacturing companies should be encouraged to invest a certain percentage of
their annual turnover on research and development. Institutions are identified as critical; thus the existing ones, especially
research institutes, need to be funded and equipped to conduct value added R&D for the economic development of Nigeria.
Government should encourage research collaboration between higher institutions (national and international), research
institutions and industries.

Since Nigeria is blessed with abundant renewable energy resources such as hydroelectric, solar, wind, tidal, and biomass,
there is a need to harness these resources and chart a new energy future for Nigeria. In this regard, the government has a
responsibility to make renewable energy available and affordable to all. This will go a long way to provide constant, high
quality power supply in the country which will improve the Nigerian business environment.

Government policy for the agricultural sector should be geared towards providing for more training and learning support for
enhancing both technical knowledge and organizational and management skills. The policy should also be intended to make
modern agricultural equipments for sale and hire available to farmers at a subsidized price.

Policy for the ICT sector should be targeted at encouraging research and development as well as that would facilitate and
enhance local management, capacity and content development in the key areas of ICT. The implementation of this policy
should be driven mainly by the private sector, promoting entrepreneurship, innovation and local capacity development, while
the government will be the facilitator and catalyst for the projected growth.

Since Nigeria has a comparative advantage in the area of pharmaceutical innovation, which includes development and
production using African Traditional Medicine and the continent’s rich biodiversity as raw materials of choice, emphasis
should be placed on sourcing materials locally. Furthermore, faking, smuggling and dumping of sub-standard products into
the country should be stopped to ensure a level playing field for local manufacturers.

7. Conclusion

In the present era, in all ramifications of economic development, technology-dependent economies surpass economies dependent on
their natural resources. Therefore, the economies that can remain flexible, adaptive, and innovative will reap the benefits of world
trade. This is because the global competitiveness of any economy depends on its science, technology and innovation (STI)
capabilities.

Based on the result generated through the analysis of our data which revealed that Nigeria is currently lagging behind technologically,
our hypothesis that innovation in science and technology will bring about the diversification of the Nigerian economy, leading to
economic growth: employment, productivity, export growth and increased foreign exchange earnings, including healthy and
prosperous Nigeria, were all upheld.
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