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Mr. Vice Chancellor Sir, the Principal Oficers, colleagues, visitors, students, 
friends, ladies and gentlemen; just of recent, I visited a friend, Architect Niyi 
Kehinde, who was my classmate at Baptist College, Iwo, now the site of Bowen 
University. After receiving me very warmly, he said he had a souvenir which would 
interest me and that he would only show me if I was ready to pay for it. He later 

I showed me the souvenir which was a picture we took in 197 1 when I was designated 
a Professor of Chemistry, University of Lagado. Those who attended the college 
will recollect that it was compulsory for new entrants into the College to take an 

I entrance examination into the University as part of the orientation programme. 

In the final year class, the best student in each subject was usually 
designated as Professor who would set questions on that subject. After leaving 
the College, I could only gain admission into Adeyemi College of Education, Qndo, 
and eve~ybody thought the Professor of Chemistry, University of Lagado had 
derailed but then I came to Ife- the Great Ife, to bag my B.Sc (Hons) in Chemistry. 
My B.Sc. project titled 'The Electrical Conductance of Some Molten Carboxylate 
Mixtures' was published (Adeosun et a1 1980). This probably marked my turning 
point into academics and I wish Dr. Adeosun of blessed memory was here today to 
listen to this lecture. I later had M.Sc. and Ph.D in Food Science andTechnology. 
1 joined the Technology Planning and Development Unit in 1982. After completing 
the M. Sc. and before I registered for the Ph.D, I audited many courst?s in the 
Departments of Economics and Agricultural Economics of this University. During 
the Ph.D. programme, I also took almost all the courses required for the M.Sc. 
programme in Industrial Engineering, at the University of Ibadan, and I rose through 
the ranks to be the first Professor of Technology Management of Obafemi Awolowo 

I 
University, Ile-Ife in 1999. 

1 

This is a treatise on my academic pursuit which a friend, Professor S.R.A. 
Adewusi, has described as an adventure "From Science to T~clnology and 
Innovation Management" which incidentally has become the titleofthis inaugural 
lecture. ' I 

I 
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SCIENCE AND TECHNOLUCY 
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Science, an interconnected series of concepts and conceptual schemes, 
developed as a result of experimentation and observation, is interlinked with 
technology. Knowledge generated from science may be used as an input for its 
hrther development, and possibly for the development of knowledge directly 
applicable to economic and social goals. Science could therefore provide a starting .. 
point for technological effort or, simply put, technology may take its root from 
science. The development of science on the other hand depends on technology. 

Technology is categorized as a special resource, an important strategy 
for the exploration of the natural resources sector, and an agent of social and 
economic change (Dmcker, 1970). Technology is also described as a body of , 

&\ #+;. knowledge which is used scientifically by a given society at a given moment to 
. ,-* 

6+,;jL- .. . resolve concrete problems in accordance with culture and scale of value (OECD, 
.: : .::,,. .: : 

L . .  ~ 
.a- 

.. . -a!. ,, .:c,. *::>I? I 
D E B , ,  -- - C E : .  l ,  . '.I,.. ilJ ,,,. , , - i  " i v . . , .  

PX<' L.;*,;;;tf : , , <, : ,3 ;> ,  + I . : , <  ' , , , i I . ~ .  I:), !....) 
!,,)I I,I ; . , S : , ~ : : I ;  P . H . 0 .  f. ,? , ,  :db) 

.,in- 4 L.3 * m a -  -- 
I - .- 

br' .r; . -' ' 7:- .f 

- ' -2 : 
.-- 4 4 .  

$, 

- .  . - 
R E < :  f l . 2 ~ $ ~ I ? ~ k ~ ~ j  OK[A 'J [  s:\l.hWlJ ,)f;ll;) l . . h \ l~F ,K~ '  

1'. . ' , 
/ . .  ,::y (...;I or Y.4 5.c. 

t .: I - . . ' :>.,!.: , pror 01 O;.uLd%Y- 
p b i  !>. iT<.k-:.'; 

,>, t\!.:t.~gm.b 

#q Pi P+ -% - - 
I 

- 
i - f - ̂.. > fw:. . ,  ; -:. s * 4 . . L:. ~ ' 

. - -4L-:, -&i.- .[?I.\\: :,,:11. ,,',t,I 
f - I . " t i  ',', .: \<, '., ,I<! 1 '  , , i  ! ,  ' , . r  . 

. - c  b. .:,. , : :,: ( I;~.::.. . .<! .  l B : l ; >  ;...!C ,,,. :, 
V ! >  i ,  (,.? i ;. ..;Ll : ,< :;* ;L:, .,.> 

i-9 '4 I - "?% p .. _ - 7 s  .. 2 '*.* . 
-'cbg&i-, 52p ,.:, .. * . .< a? .*. . 

.c.s- - ' . . 
,, , , \ ..v; : .:-.LL -" .:  : - . ,  i.. 

". .. . 
<..,.! 2 ' " * I . - .. . ,. ,. .;. -----.. I: . i i I . .. . 

I , , " "  i;i !:;. .j, .. 6::. ... . "' ' fi 
-- .'*", 

a' w* ' - 
r - - % ,  .;fr. 

-. 

> ( 

L . .  - .  . .. 

I 2 

1991). It is also described as systematic knowledge for the manufacture of a 
product, for the application of a process or for rendering of a service, including 
any integrally associated managerial and marketing techniques. 

Technology could be embodied in tangible products such as machinery 
or an industrial complex, or in legal documents such as patents, licenses or know- 
how contracts. It may even be expressed in the form of a skill, a practice or 
technology culture which may be so difhsed that it becomes unnoticeable in the 
society on which the effective operation of any technical system may depend. 

Technology Management is a body of knowledge linking science, 
engineering, technology and social sciences as well as management for the purpose 
of building technological capabilities required for running an organisation in order 
to achieve its strategic ohiectives and goals. The organisation could be a public or 
private concern, a nation, a continent or the world as a whole. 

THE INNOVA17ON PROCESS 

Technological innovation is the first commercial introduction of a new 

technology, which may tzke the form of a product, process or service. Its emergence 

is as a result of severa! activities spanning a length of time, depending on the type 

of technology. The phases identified by Stanton et a1 (1994), are idea generation. 

screening of ideas, research and deve!opment (R&D), business analysis, prototype 

development, test marketing, and commercialization. 

Idea generation involves a search for new ideas by such means as 
brainstorming, attribute listing and need identification. Ideas normally originate 



from the R&D drganizationtdepartment, and from specific market needs. These 
two sources of new technology ideas have in recent been described as 

technology push and market pull respectively. Whatever the source of the ideas, 

screening entails evaluating all the ideas with a view to identifying and 

concentrating on those with greater potential for success. 

During the R&D phase, the idea on paper is translated into a physical 

product, process or service (Nonis and Vaizey, 1973). The essence of business 

analysis is to identify product features, estimate market demand and product 

profnab;lity, and assign responsibilities for a hrrther study ofthe product feasibility. 
At the prototype stage, the laboratory output is scaled up and produced at pilot 

plant stage (Valentas et. a/., 1990) 

At the commercialization stage, full-scale production and marketing 

programnes are perfected and the product is launched into the market. ARer launch, 

the product enters its life cycle, and the external competitive environment becomes 

a major determinant of its survival. These seven stages have been classified into 
three phases as pure research, technology development and production and 

marketing (Fig 1). 

The seven stages or three phases in the innovation process have been 

presented as a step-by-step approach, which proceeds in a linear and static manner. 

with a phase commencing after a preceding phase has been completed. Takeuchi 
and Nonaka, (1986), however, suggest that a holistic or 'rugby' approach is 

integrative, overlapping and more appropriate in a fiercely competitive business 
environment where speed and flexibility are critical success factors for an innovation 

(Fig. 1 Model B&C). As one moves from pure research to technology development 

and then to production and marketing, unanticipated problems may arise that 

require research for their solutions. The 'rugby' approach has found wide 
applications in the United States and Japan where multinational companies have 

successfully utilized the same. llori eta!., (2000) reported that some food companies 

that followed all the seven phases in an integrative and overlapping manner 

described above in the development of new products succeeded in their 

commercialization efforts in Nigeria. 

I 
I 
I 

The innovation process requires considerable communication among 
different actors and in~titu~lons who act as agents of innovation. Within the' -d 

I boundaries "fa nation +hey constitute the elements of a national &vation 
system with identifiable national and societal specificities. 

I 
I 

E Phase 1 Pl~ase 2 

I 
Phase 1 - Pure Research 
Phase 2 - Technological Development 
Phase 3 - Production and Marketing 

I I 

I Fig- 1: Models of Science and Technolo& (S&T) Development for Industrial 
Production. I 

I 
I I 

I I 
I I / NATIONAL MNOVATJON SYSTEM (NIS) 

I 
I 

-- I 
! Concept ofNationa1 Innovation System 
I I 

The National hnovation System (NISI has been defined in different ways I 
I I by various authors depending on the theoretical approach adoytrd. Freeman 
I 
I 

1 I J 987). defined it as "the network of institutions in the public md private secton 
I whose activities and interactions initiate, import, modify and diffuse new , 
i 



technologies." This definition emphasizes thm interaction between the production 
system and the process of innovation. 

The NIS is also described as being constituted by elements and 
relationships, located within or rooted inside the borders of a nation state, which 
interact in the production, diffusion and use of new and economically useful 
knowledge. Often the interactions of the elements of the .System are mumally 
reinforced in learning to bring forth technical advances that nurture 
economic and social progress of a nation (Kwanjai, or may combine into 

constellations preventing learning processes (Lundvall, 1992b). According to 
Lakaka (1999), such a system consists of the following distinct and interacting 
subsystems: 

(I) S&T policy and policy instruments; 
(5) Technical human resources development; 

("1) Scientific research and its commercialimtion; 

( Technology transactions in the international market; 
[YI Technical support and business development services; 
\'I 

(vi) Financing S&T; and 
\ - -/ - 
(vii) International cooperation. 

Bound by the concept of innovation and the notion of a nation, the national 
0 the totality of a 

innovation system, therefore, provides a framework for evaluatin, a the needs of 
nation's attempt at generating and applying knowledge for meetin, 
her society. 

Elements of National Innovation Systems 

Using the generic model, Kwanjai, (2000) identified three major elements 
of a national innovation system (NIS) as follows: 

i) educational institutions; 

ii) S&T and R&D instiom; and 
$ f@nsandindushies. 

Higher E&cational Institutions, particularly ~ i v e ~ i t i e s ,  pefiom the 
naditional functions of teaching and talent filtering by which new generations of 
scientists, technologists and engineers are trained. They also have a social and 
statutory responsibility to palticipate in the generation of new howledge through 
research and development activities which can be channeled and diffused by new 
ventures. A good n u ~ b e r  of technology-based spin-offs in some reiions in 
Europe and USA have emerged directly from academic research activities of 
universities. The pursuance of there functions has ledtotheemergenceof 

new fields of Science, processes and major new generic technologies of wide 
- industrial and social significance (OECD, 1998). . 

The modem University also plays a.more active role in consulting, 
community services, specialized training and &stance learning (Lalkaka, 1999). 
These are in response to the capacity building requirements of the global economic 
shift from resource endowments and factor costs to information- and experience- 
based knowledge. 

Public research and development institutes, another element of the NIS, 
are expected to undertake different lines of research that are of commercial 
appkability. These institutes vary in their mandates and sizes but derive their 
hnding mainly fi-om government sources. 

A current model of innovation systems, however, include at least some 
other types of actors (Fig. 6). namely the financial system, technology brokers, 
industry and professional associations , the legal base, non-governmental 
organisations, press, public opinion and international cooperation structures 
(Plonski, 2000, Oyelaran-Oyeyinkq 2002, Oyelaran-Oyeyinkq and Barclay, 2003). 
The innovative performance of an economy depends on how the individual 
institutions and actors (e.g. firms, research institutes, universities) perform in 
isolation and how they interact with each other as elements of a collective system 
of knowledge creation and use, and on their interplay with social instihltions 
(OECD, 1999). Without adequate development of these actors and institutions in 
the domestic and regional settings the innovation system remains underdeveloped 
and anaemic &ma et al, 2005) 

Partnerships within the National Innovation System 

The need and the continuous search for knowledge within the national 
innovation system result in the development of partnerships between the system's 
major actors. These partnerships cut across the public and private sectors. They 
are often facilitated and stimulated by the government and are defined by a joint 
contribution of financial research, hum& and infiasbuctural resources either 
directly or in kind. The partnerships within the national innovation system 
according to the types and characteristics of the actors are as follows (Cervantes, 
1 999): 

( University-industry partnerships; 
(i) Government-industry partnership; 
(ui) Research institute-industry partnenhips; and 
(iv) Any combination of(i), (ii) and (iii). 



Finance r-7 

the Element5 of the 

strucl.n of lnteracli~ns "ng 
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idnpted from Tiffin (1997) w .  

The University-industry partnerships are spurred largely by the need for 
universities to look for additional sources of funds and industry's need to access 
a broader science base for coping with the challenges of competition. Governments' 
inability to sustain previous growth rates in expenditure on university research 
has made these institutions more adventurous in seeking stronger linkages with 
industry (Senker and Senker, 1997). This is reinforced by firms' willingness to take 
advantage of institutional innovations which are favourable to the introduction 
and diffusion of new technologies. 

Governments go into partnerships with industry generally to reduce the 
technical risks associated with industrial research projects. They also induce firms 
to bear the remaining commercial risks that can be managed with their market 
strategies. This type of partnership may take the form of a joint contribution 
towards building infrastructure for cooperative R& D or the execution of 
extramural research between government agency and firms. Universities may, on 
some occasions, be involved in such an arrangement. 

According to Cervantes (1 999), industry partnerships with research 
institutes are more common than those with universities in developed countries 
and have served as vehicles fqr.meeting specific industry needs. Most of them 
started as collaboration with large firms, but the increasing prominence of small 
and medium-sized enterprises (SMEs) in their national economies has shifted focus 
to linkages involving groups of small firms and research providers. 

Technical collaboration among firms was reported to positively correlate 
with improved innovative performance in most industrial sectors, particularly in 
the skill to identify and adapt useful technology (OECD, 1997 j. Such collaboration 
is usually referred to technology-based strategic alliance. This occurs where the 
R&D project is extremely costly and is beyond the ability of any firm to fund it out 
of its own resources (Twiss, 1990). 

The Nigerian Innovation System 

I The Nigerian innovation system, like any other NIS, consists of three 
major e!ements; 

I (0 
educational institutions; I 

I 

I I 

(ii) research institutes: and I 

- *  1 (iii) industrial production by firms 
I 

" I 

These entities perform diverse but inter-related functions within public policy, ' I 

legal and financial Erameworks of the economy. The functions of the educational 
and research institutes, mostly owned by government, are as stated in the different 



-- fl 
government statutes establishing them. Industrial production organizations, on 
the other hand, are ma& up of public and privai. rctor  Rrms operating in different 
sectors of the economy such as manufacturing, mining, energy, construction, 
transportation and communication. 

Educational Institutions: 

Education, in Nigeria, is based on a 9-14  system with some emphasis on 

science and introductory technology education at the primary and secondary 
levels. The enroln~ent targets for science-based courses and non-science courses 
are in the ratio of 70:30 for universities and 80:20 for polytechnics. However, actual 
enrolment figures have consistently skewed in favour of non-science courses 
(Okebxkoia, 2002). 

Nigeria's higher education sector currently has about 47 Universities, 43 
?Giy~elr;hnics/Colleges of rechnology and several colleges of education and 
manoiechilics. These institutions, mostly owned by the Federal and State 
Governments, train students in diverse disciplines such as the humanities, science 
and engineering to meet the nation's h ~ m ~ ~ r e s o u r n e s  needs. Of recent, this sector 
has witnessed some private sector participation with the approval and take-off of 
over 30 private Universities and Polytechnics. The National Policy on Education 
explicitly emphasizes that universities must develop the physical and intellecmal 

of individuals and serve as an instrument of change by bringing the 
fruits ofthe nation's cultural heritage and modern technolog to as many Nigerians 
as possible (Federal Government of Nigeria, 1 98 1). 

1, addition to these functions, lecturers in these institutions, paflkularly 

Universities, conduct basic or applied r e a m h  which is used primarily for their 
career progression. Hence, the results of such research efforts usuzlly end up as 
publications in journals without commercialization by indusy. These research 
mtivities are funded largely by the Government through s u ~ e w i s o ~  agencies 
such as the National Universities Commission (NUC). This public mode of funding 
has closely tied the level of research activities in the higher education sector to the 
fluctuating fortunes of the economy (Federai Ministry of Education, 2003). 

Government's funding of education, over the years, has been considered 
inadequate. In a Ph. D. work, which I supervised just of recent, we also found that, 
public funding of education averaged a paltry 4.28% of total govemnent 
expenditure for a ten-year period (1990-2000). Up till 1999, finding was well below 
26% of Gross Domestic Product (GDP) recommended by UNESCO. Even the% 
over 70% of the allocation was expended on salaries and other personnel 
emoluments. According to ASUU, UNESCO standard had never been met in any 
African country! The siiewness of the enrolment in tertiary educational institutions 

I 

I in favour of non-sciencehechnology disciplines showed that the meagre resources 
I available were not channell~. towards technological capability building (Oke, - I 

2005). 
I 

I The relative number of S&T personnel nationwide is vely low compared 
I with other countries. Within the Nigerian Innovation System, the Universities 
I have the highest concentration ofhigh quality research personnel (80.7% ofresearch 

staffen). Among Polytechnics, only 2.2% of research/teachinp personnel have 
i doctorate degiees as against 27.3% found among public research institutes (Oke, 
i 2005). i 
I Research Institutes: 
I 

I Presently, there are about 30 R&D institutes widely located across the county 
I and operating under the supervision of their respective Ministries, 
I 
I In our recent shldy. we found that Govemment's funding of these research 
I institutes has been verypoor. Between 1985 and 2000, this averaged only 0.08% of 
I the Gross National Product (GNP). a far c r ~  from the UNESCO recommended target 
I of 1.0%. In spite ofthis low level of funding, most of these funds are cxpended on 
I the running of the supewisoly ministry and the adminirtntive machinery of these 
I 
I institutes with very little lef? for the direct funding of R&D projects (Oke, 2005, 
1 Oduola et al, 2005 b,c). 

The mandates of public research institutes were very broad coverage 
but the levels of mandate achievement were on the averag. Generally, R&D facilities 
in educational institutions and public research institutes are in very poor States 
but facilities in industriesare better (Oke, 2005, Oduola et at, 2OO5a). Thedirmbution 
of these research institutes by function reveals an over-concentration of research 
efforts on agricultural and medical related activities to the utter neglect of core 
technology and engineering ones (Oduola eta/, 2005 and Oke, 2005). This indicates 
Government's priority in the National Science and Technology policy focus. Also. . 
virtually all these research institutes, universities and other hi, -her institutio~s 
operate outside industrial smlctures and conduct research that are of !err 
mlevance to manufacturing firms. The producer-user relationship, as determined 
by the proportion of commercialisable research findings actually commerc~aliserl, 
is very weak (Oyewale, 2003. Oke, 2005) 

I 
Industrial Production: I 

I The Nigerian manufacturing industrial sector is made up of ten sub-secton. These I are: I 
I 6 )  Food, beverages and tobacco; 
I 
i (b) Chemical and pharmaceutjcals; 
i 



(c) Textile, wearing apparels and leather; 

(d) Wood and wood products; 

(e) Plastic and rubber products; 

(0 Pulp, paper and paper products, printi3g and publishing; , 

(g) Basic metal, iron and steel; 

(h) Electrical and electronics: 

0 Non-metallic mineral products; and 

(j) Motor vehicle and miscellaneous assembly. 

Firms operatins in these sub-sectors vary in size, number of employees. 
e;?nrver zad ownerrhip with most ofthem operating on a small scale. According 
to NISER (1998), they are located across the six industrial groupings but their 
activities are concentrated in major urban centres. For instance, the films along the 
Lagorota-lbadan axis alone account for about 44" of the total registered number 
of firms and roughly 52% of the employment in the manufacmring sector (World 
Bank, 2002). As a major employer in the Nigerian economy, the manufacturing 
sector had over the years, irtensified training as a way of upgrading the 
technological capabilities of their employees. These efforts had largely resdted in 
the gradual decline of expatriate staff in the. iod~lstry (NISER, 1996). However, we 
found that the technological skill intensity (0.07%) of employees which measures 
the ability of finns to generate and/or adopt new product and process technologies, 
is generally low (Oke, 2005). We also found that the Nigerian economy in the 1990- 
2000 period ranked fifth behind South Africa, Egpt .  Alnerin and Morocco in that 
order. The average GDP growth rate of 2.4% was rather too low. Though the 
industrial value added was relatively hieh (1 7%), the gmwth rate was also very 
low during the same period (Oke, 2005). 

In our earlier study (Ilori st ol, ?002), we found that there was a negative 
growth in manufacturing production bs"een 1992 and 1995 and only a slight 
growth in 1996 and 1997 (Fig. 3). The rate of growth over the 1997-1999 periods 
was 0.3% which was below the target for Le  sub-rector in the National Rolling 
Plan. The lull in manofackring activities within 1989 and 1997, and the inability to 
attain the growth targets were attributed to technological and economic factors as 
well as political instability. Only Oil exports largely accounted for Nigeria's survival 
in that period (Ilori el ai, 2002). However, frameworks for dcvrioplng technology 
strategies that will lead Nigeria from a natural resource bsssd to manufac~ring - 
based economy have been proposed (Ilori and Sa~nl ,  1994, llori el a!. 2002). 

Fig3: Growth in Manufacturing in Nigeria (base year figureof 1985=100% 
Source llori el al, 2002 

MY CONTRIBUTIONS TOTHE NIGERIAN INNOVATION S Y m M  
-- 

Mr. Vice Chancellor, Sir, as mentioned earlier, I was employed in the Technology 
Planning and Development Unit - which is essentially a research oriented unit and 
therefore one of the elements of the Nigerian Innovation System. This great 
University -'Great Ife" has given me a unique opportunity to do research for my 
Ph.D degree in an applied field before gradually moving towards technology policy, 
planning and development. It therefore gives me great pleasure to review my 
modest contributions in this vast axis spanning applied research to technology 
and innovation management research. 

Let me pick the gauntlet dropped by a friend and research collaborator 
(Prof. S,R.A. Adewusi) in his inaugural lecture 'New Old Foods". He asked me to 
do justice to the development of ~orghur Malting and Brewing Technology, here 
we go! 

Sorghum Malting and Brewing Technology 
- 

Sorghum is an important cereal crop, which ranks fiRh in terms of world 
cereal production. It is widely cultivated in Nigeria for human consumption. It is 
also used to prepare traditional alcoholic and non-alcoholic beverages (Ogundiwin, 
et al, 1998). Ow research efforts in sorghum maltiog and brewing were in response 



to government po~icy'on raw material substitution which placed a ban on the 
' the produced 

only provide malt flavour . beer and sxtemal nuymss will , 
importation of barley malt and wheat in 1986. Thus, -'Ti et a/. .  (1990) investigated , . be 'Ised during Pmessing. (Ilon and i\dewusi, 1 99 

I 
the effect of gain bed thickness, duration of steeping and gemination on the 
malting properties of 7 improved Nigerian sorghum varieties, with a view to 
optimizing the technology of malting. Water uptake, gemination energy and 
gemination capacity increased with steep time to optimum values at 18 h steep. 

i Malting loss, diastatic power, cold and hot water extracts as well as soluble !jugar 
contents increased with duration ofgermination (Figures 4 - 7). Germination 
to 108 h (2s + 2 0 ~ )  at 2 cm and 6 cm grain layer thickness for SSV 3 and SSV12 
respectively appeared optimum for the malting of these sorghum seeds under 
laboratory conditions. 

However, seven mould species (Borryodiplodia theobrome, As~ergglus 

* 
Physical anempts were made to correlate propmies of 

Nigerian the malting p v i e s  offie ~h~~ 
pmpmies which loss, diastatic power, hot and cold water a sugar did "melate with physical propefiieS swh as grain size, te-7 germination 

eneW7 and germination capcity  hi^ implies that 
phyrical pmpenies 

mnOt be u ~ e d  as indices to malt qualify(I1On' and AkingbaIa, 1991b). - 
SOrghumnrietiasuch as SSV3 and SSVl2 sre capat,leofdewlapk 

enough diatatic power ( e n ~ e s )  during malting to 
Nficienl for me self- . saccharifkation of !he sor&um malt during 

N~,,*~,,,,~, ure of flavus, Rhizopus stolonifer, Penicillium sp., Fusarium sp., Asperg~lius niger and conventional mashing techiques for barley malt was found to be applicsble a whitish unsporulating mould) and nine bacteria species (Escherichia coli* for sorghum 
since the gehinimtion temperature range 

ofsOtghm stmh (Mi ,Cnterobacter cloacae, Ps~rdomonas aeruginosa Sarcina sp., Bacillus cereus, 770c) 
is higher than the optimum temperahre (60 - 6 4 n  for alpha ad 

Klebsiel[a aerogenes Lactobacillus sp. Staph. U U ~ ~ U S )  were isolated from the We 'ere fore established a sorghum malt mashing pmeedure 
sorghum varieties while malting. Some of the miCr0-0rgallisms also R0ccurTed in '" Figig. (Ilori 199 1, 1101-i el &., 199 1 b). 
the malted grains. None of them withstood the conditions ~fwork-cooking; but, d 

some reoccurred in the unpasteurised beer probably due to contamination (Ilori 
199 1 a). ~ h ~ u g h  some of these micro-organisms are known to be am~lol~ticy 

9 

H ~ ~ ~ ~ ,  treatments of the grain to prevent microbial contaminations during 
malting were also investigated. We therefore treated sorghum -ins during steeping 

I 
their presence during malting may not be desirable since they produce toxic I' 
metabolites which could pass on to the be.er during processing and produce beer 
gushing or render the product unsafe for c ~ n ~ ~ m p t i ~ n  (Flanniga el aL, 1gg2)- 

! 

1 

and gemination with sorbic acid, sodium benzoate, nisin, formaldehyde, lime and 
bitter leaf extract and found that only formaldehyde, lime and bitter leaf extract 
prevented mould and bacterial growth at 500,2,000 PPm and 30 mg/ml steep water 
respectively. None of the treatments adversely affected the malting ~ r o ~ e n i e s  of 
sorghum grain. In addition to inhibition of microbial growth, foma1dehydeat3o0 
- 1000 ppm also eliminated dormancy and reduced malting loss in sorghum (Ilori & 
Akingbala, 1991). This makes treatment with formaldehyde a good innovation in 

sorghum malting. 
I, 

In an attempt to reduce the high malting loss characteristic of sorghum, / 
the effect of ammonia treatment as steep liquor on twoNigerian sorghum varieties 
was investigatedted. Steeping the kernels in 0. IN ammonia for 0 to 18 h reduced the 
malting loses. However, mouldiness was not prevented. And in addition, enzyme 1 
development, and other desirable properties of the grain were significantly reduced 
by the treatment. Malting with ammonia may therefore be useful for minimizing :; 
malting loss at the expense of optimum development of hydrolytic enzymes, provided ! I 





Having resolved the problems associated with steeping malting and have 
successfully adapted the \yewing process of barley malt to suit the sorghum m ", 

ohum beer of best we then turned to the economic aspect. How coald we obtain sor, 
value for the least cost? This led us to a cost minimiring linear programming model 
for the formulation of beer from sorghum malts (SSV3 and SSV 12) barley malt. and 
maize grits. The objective function of the model was to minimise the total cost of 
inputs (2) subject to some*technological constraints. 

That is, 

Minimize, Z = Xcjxj j=l 

k3 

Subject to 
x'+i xj <bi 

i l  

where 
X,= amount of input type j (malted sorghum, malted barley, maize Mts  
ci = cost of Ikg of input type j 
a* = technological coefficients (factors) 
b. = minimum or maximum industry specification of component type 

, optimum formulation obtained were 77 % SSV3 sorghum malt, 23 % ' 
I 

maize grits and 0 %barley malt; and 83 ?/. SSV12 sorghum malt, 17% maize pin and 
0 K barley malt (Table I). The output ofthe model with 0% barley malt supported 
the Government policy which banned the importation of barley malt (Ilori and 
Olomnniwo, 1990). The output of the model was validated by using it to produce 1 
beer samples which compared favourably with an existing commercial beer (Llori el J 

d. 199 I b). We also used 70-75 % so&m malt and 25-30 % unmalted sorghum to ' 
produce beer samples of acceptable quality using the adapted mzhing profile (Ilori 
et 01, 1991 c). Ogundiwin and Ilori (I99 1) also produced stout from roasted sorghum 
malt and sugar using bitter leaf (Vernonia arnygdlina) extract as hop substitute for 
flavouring. The properties ofthe beer samples and stout (Tables 2-5) met the Nige- 
rian standard and were similar to those commercially available in the market then. 

I 
1 

Grist 

Cooling to . 

Boiling for 1 0 64°C: 
mins. 

Fig. %Adapted Mashing Profile of Barley 

hr ~ ~ ~ ~ j , , , ,  
h S~urce: Ilori, (1990). malt 
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.Table 6: Partial Productivity of Sorghum and Barkv Malts in Brewing 

Malt type costlkg (Naira) 
Partial 

productivity 

S S V ~  Sorghum 0.63 
17.3 

1.39 7.8 

SSVI 2 Sorghum 

L. IJ 

Bartey 2.15 
4.9 

2.24 6.15 

Source: Ilori, (1 991) 

Tun 

pip 

b~bmv.ng line. 

w.9: * ~ ~ % ~ @ " f i i " o ? d i f i ~ ~ o n  o( an existing brewing line 

Source: Ilori et ol., (1996) 

At this stage, the development of sorghum beer using local materials has 
been successfully achieved. What is needed is a scale-up from laboratory to pilot 
or industrial scale. For this purpose, AIC Limited Ibadan, a company 0wned by 
Chief H. Akande, provided fund for our research team, headed by Late Prof I. 0. 
Ogundiwin, to prove our invention at the industrial scale. We produced about 5.5 
tonnes of sorghum malt and processed it to obtain over 40,000 bottles sorghum 

beer without the addition of external enzymes using the facilities ofthe International 
Brewing Plc, Ilesa. The beer produced lab5 !led "Victo~Beer" compared favourably 
with existing brands available commercially. The technology scale-up vindicated 
the insistence ofthe Federal Government on local raw material substihltion by the 
industry (Ogundiwin eta!. 1989). 

The question now is "has this technology been adopted by the Nigerian 
breweries?" The technology is now widely adopted notwithstanding the 
globalization of trade which allows the inflow of imported products including 
barley malt into the country. Our recent study revealed high level of compliance 
by the breweries and other beverage companies to the policy of local raw material 
substitution. The level of compliance ranged fiom 40% to 100% and the indusny's 
average is 6 1 .O% (Oyedoyin, 2006). 

This level of compliance by the beverage industries had reduced 
production cost, and did not have adverse effect on the quantity of the industry's 
products. The implementation ofthe policy also generated employment as claimed 
by 70 % of the brewery respondents and saved foreign exchange through reduced 
cost of importation of barley malt £Fom N69m to N24m and the elimination of N23m 
worth of malt extract between 1988 and 1999 (Oyedoyin, 2006). 

Energy and Environmental Management in the Brewing and other Industries 
Our research effort in brewing science, technology and management was not 
limited to product and process development and economics; it also extended to 
energy and environmental issues. We discovered that the breweries produced an 
estimated annual of 1 .Zmillion m3 waste water, 3300 tonnes of spent grains, 20.52 
tonnes of spent yeast, and 1650 tonnes of broken bottles among other wastes as 
by-products. The results also showed that the breweries were improperly 
discharging some ofthese wastes into their surroundings (Akinwumi et al, 2000). 
Most existing strategies adopted by the breweries for environmental management 
were primarily out of process, and thus reactive end -of -pipe- strategies. In the 
breweries, the dominant waste water treatment technology was aerobic oxidation 
ponds, which is the most rudimentary in their class of environmental technology. 
Other strategies ir.c!ude dumping of waste and other proactive cleaner prod~cdon 
such as the re-cycling and sales of bye-products (llori er al, 1999). Notwithstanding 
most ofthe residents (70%) ofthex breweries surroundings interviewed, reported 
the discharge of waste-water. and pollution of their environment by the breweries. 
The most commonly reported pollution factors were odour, fouling of streams and 
land. The pollution also had impact on the ecology, land, agriculture, structures, 
health and socio-economic lives of people of the brewery surroundings. These 
are indications ofpoor waste management in the indusby. The reaction ofresidents 
around the breweries to the problem was weak, as only 21% of respondents made 
attempts to combat it (Akinwunmi et ai, 2000). 



Our study of energy consumption pattern in a Nigerian beverage industry 
rev:..~led an increase in the growth of energy intensity, coug led with a simultaneous 
decline in productivity. Furthermore, combustion analysis of the boilers revealed 
the possibility of making fuel saving of about 12 % by improving boiler efficiency 
alone (Akinbami et al, 2002). We also found that the actual energy demand per 
year (4.28-8.58 BOE per 100 BOE) for processing crude oil into final products in 
Nigeria exceeded the stipulated refinery standard of 4 barrel of oil equivalent 
(BEO) per 100 BOE. This energy inefficient demand pattern was due to lack of 
optimal energy mix, and non-compliance with tim-around-maintenance schedule 
(Jesuleye et al, 2006). Strategies such'as utilizing energy efficiency improvement 
programmes and optimal energy mix both at firm and national levels were 
recommended. 

Nan-Alcoholic Beverage Production. $ '  

The inward look has also revealed a lot 6f resources which could be used for i' the production of ethanol and non-alcoholic beverages. For instance plantain, . 
breadfruit, sweet cassava and potato are readily available in the coqtry. 

We have therefore geared our research efforts, spinsored by the 
International Foundation for Science (IFS) Sweden, towards the development of 
non-alcoholic beverages from sorghum malt and breadfruit, plantain, potato or 
sweet cassava using the endogenous enzymes of the malt and a little quantity of 
external enzymes for saccharification. The original gravity ofthe breadfruit, cassava 
and plantain-based samples were higher than those of other samples (Table 7). 

u l P P P P  
, u l c n m 4  
0 0 0 3 u 1 0  
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Ethanol Production 

Our research work on hydrolysis of breadfruit and cassava starch 
by enxyrnes ofsorghum and acid yielded appreciable amount of sugar 
which was then fermented to produce ethanol (Solomon et a/., 1994). 
The engineering economy studies of the ethanol production via plant 
enzymes and acid hydrolysis at small scale level appeared to be 
economically viable, with positive net present values (NPV). Hence, 
breadhit and cassava which are available in abundance as earlier 
mentioned could be used for commercial production of ethanol 
(Ilori et al ,1996). In Brazil and other countries, potato is used industrially 
for the production of starch, glucose, syrup and ethanol. These research 
efforts conducted in 1996 support the current Government initiative on 
the utilization of cassava for ethanol production. 

Breadfruit 
Povlto 
Carlnva or 

Whirlpool 

lank KEY - 
@ ~ - 0 r  GI s ~ u ~ . o ~ ~ v ~ ~ v ~  

@ A Outlet vavlc 

Fig. 10: "Prutess-flow diagram for beverage production from some tropical crops 
at small enterprise level 

Source: llori et a1 (1997b) 

I 

1 Weaning Food Research and Development 

Locally produced weaning foods should be preferred to imported ones for 

I 
obvious reasons. Oilseeds were considered as an alternative and innovative source 
of proteins since they contain proteitls of high biological value (Ilori and Ige, 

i 1991). Hence, we used a cost minimization Linear Progfamrning (LP) decision model 
to simulate a commercial milk based diet using plant protein source. The LP model ! gave an optimum mixture of 48.5 % pre-gelatinized maize flour and 3.9 % defatted 
soyabeans flour that formed an ideal diet which had no significance difference (p 
< 0.05) between the control diet in terms ofthe properties studied. The performance 
of the formulated diet was satisfactory and promising as a potential mixture in the 
formulation of weaning food in the developing countries (Fashakin et al., 1991). 

Prof. Fashakin's research effort on weaning food was scaled up to pilot 
plant level, courtesy of the Federal Ministry of Science and Technology. However, 
this technology and many others used for processing oilseed meals developed in 
the laboratories have not been commercialized. Modem methods have nevertheless 
been introduced to upgrade the traditional technologies for processing oilseed 
meals and other traditional foods (Taiwo et al, 1997). Policy measures such as 
development of capabilities to create, select and initiate production for 
commercialization of the laboratory food products and fkrther integration of modem 
technologies for processing these foods were prescribed (Ilori, 1993). The Local 
Governments (LGs) also have a role to play in this regard. For instance, each LG 
should identi9 indigenous technologies peculiar to its locality with the purpose 
of upgrading or improving such technologies and creating jobs for the people 
(110% 1990). 

Synthetic whole Wheat Bread 

Adewt.I 2nd Ilori (1994) found that red and white sorghum spent grains 
which are by-prcvJucts of beer production contained 23.4 and 19.3 % crude protein, 
54 and 43 O/L dic;;ry fibre, 1.44 and 0.78 % ash, 4.5 and 3.2 % hexane extract and 
tannin col:~,.:;:;. P: 7.5 and l.Omg/g catechin equivalent respectively as well as 
adequate essential amino acids except lysine which was limiting. The spent grams 
which contained a high level of protein was usually fed to animals. So the simple 
question is why should a dog snore when man has no place to sleep. We therefore 
incorporate the spent grains at 15 % into wheat flour:for bread production., The 
product which was accepted looked exactly like wheat bread; hence the:term 
synthetic whole wheat bread. Thus, in developing countries where protein 
malnutrition seems endemic, spent grains obtained cheaply from breweries could 
become a good source of additional protein if incorporated into baked products 
and food blends. 



Preservation of Nigerian Soft Cheese (Wruraawasa# . . ._. 

WWa, a highly nutritive Nigerian soRcheese, is usually pBrodd d cottage level. 
Howverm.afits m4n p r o w  is its short shelfiife which mders it unacceptable 
for human consumption a&8P twelve haursmat m M a t  temperatures. Pmervation 

ion pttrlmged the shdf life for lonly a few days and hezing often 
l e d  to gfaininm and product .di$ategration. The dbmestie deep-fat frying 
predwcsd fried wara dpsot nutritive quality (Ogundiwin, 1983). However ydm 
we p r ~ ~ e d  wiara in brine whey' by a canaing pro&ss describgd as a hot-tTllsd 
s€eriJhtIon (MIF) mahsd,it pduced canned warawith no signifisant difference 
-26q In tke I m s t i c  flavwr, texture, and appearance.aftsr a parid of six 
wtdbwh611 cofflplueds&th the fi.eshtaam.(Ilari,. 1983, Ogundiwhd Ilori, 1986).. 

.' I 

~erii6ikk; wfiuch is avihble in large quantity a h g  the ~ e s i ~ f i i c a n  
w&, cdi$qini mo$t o f a i  essential ahno  aci& ins&dequate ahoutrt for h&nn 
nutritiomn'~d w& ,fioind to bj'a good soukeof proteinsfof human 
bgingy., Strkt ,eqvirdnmental cairtrol of the harvest '&ks'; adequate"metho$ of 
,processia these anipals apd other stratkgic measures we're'r&o~rimended'to 
qsure 8% inder 'noduc$op , . -  and'distributi~n and conruinption of the pmduct 
(Mahu a@ ll'ori, f I. . 

,.1 . . 
I'M h o d  Service hxill~hry . -  i y s  , 

lloii'bnc A;\Go?inka,, 1994 i"v+tigated the hospital fmdsmiee as m 
exakple of an institutioml~foodk~ic~'ind~stry. We fodd inapbropriste metho+ 
in this sector and recommended management practices for impr6ving food 
preparation and service in hospitals. L , ..:i I 

- 
' I  ' 

Bitjte@qdtogy is a body of techniques thatuies living orgsnisms, or sob-ces 
fmm,$ox orgahisms, to make .or modify a pfoduct. It also includes techdques 
u s q  forthe impmv&cnt of,&e characteristics of economically imponMt plank 
and qnimal md tor the dev~lopment of micro-organisms to act on the environment. 
From definition/ biotechnology is as old as htirhan swi& as is evident ftom 
activities suqh as Rrmentation.ofwine and other food prMuds. &tt. the cehtirries, 
the practices Lmklually developed in empirical fashion to a high d e w  6f p&ection 
(UNIDO, 1989). The latest techriological developments in biotechnology have led 
to more improvements gf a completely different order of magnitude in agriculture 
(Sasson, 19941, and relieved fanners from many of the traditional c o n s ~ ~ t s  and 
hazanls. We investigated the applications of biotechnology, especially new 
biotechnologies in relation to mushroom cultivation and biogd pmdtlstion in 
Nigeria 

I (i) Economics of M a s h ~ ~ m C ~ ~ ~ o n  
, . Muduooms had been utilized as food for more than tyo. thwand years. 

The mwhrooms gathered from farmla~d, fields and naeado;ws were valued and 
: priced as delicacies. The food value of mushmoms is very bi*. Apwt from 

contabringhigh quality protein, minerals, and vitamins, they contain low cho1estemJ 
and sodium, thus making them idml for patients with certain heart 6s &iQey ' ' 

' diseases (Fasidi-and KaQi 1990 ,2hnWl .a .  Q@x+ 1992). The.cktl$vatiw of 
b e  fbngi started in China in 600 B.C. and spread to Europ,and,Amtrica in the 
I F  centuries, .respectively. The industry hcq s h  c l e v e w , h .  m y  Asian 
comwies and plays a significant mAe in their ~onemies (Quimio, et a1 199Qh.. - . 
' Mushom culti'vation fdr househbld consumtjt'icin &hgplrtl wide aid 

scelereotia is part of the indiiendus knowt&dge systerh @ wng~tiai EM* hak 
beem made to study be biotechnology &d cultiv'ation'~fs0me .local varietie3. 
$inc .muslyokn;rs have,&en shown to be ridh in same Vital nMits, IRfii'et 3;; 
(Issl!') ?reposed an a-h to utiiize ~ ~ & h n o 1 0 & t o  mdd&Ppld f -  
the di- nutrient intake of the people. ~ & f e v & ,  th~ir'to~hmeiTciaIfi>~udui'& 
using modern howl&fge ~ystehh (biotechhd6gy) id very limited fh N&&a. IMed 
on previous studies on mushrooms, cottage ley1 technology was p m ~ ' d  for 
the commercial exploitatkm d ~ W i 0 ~ ~  it1 Mi*. Tb@tabiirty, 
ofthe mushroom cultivation technology was established at 2.5,3.75 and 5.0 tomes - 
capaiiGes pei annum' using vari& iqvesiment opdtibb. @pti'&'~ enfails the 
copipliie pyxssy of spawn produdion arid hushmom d l t h a h  apt140n B 
idvolves purchasing *e spa* &om P ses& otgdizatiofi snd drm caid ihe 
.sIjab$or ~ u m  u l t i v a  while opi&n C ivhkh &aside'nd f6r @it@ 8 
'&f~e& involved purchqirig xady-ib-'fru?f spaded bags for incuba6oh &id 
~ficatio~.'!l"h,e en&eering e=onomY reve'bltd that thb venture couid be p@Rt$ble 
with selling price &ve oie hun'dred a@ &en& ,fbur n d d '  'w17if) &'b one 
hun(ff'(4d and fiffberr nab (~115)  per kilogram 6fvihariella vdhdcka h d  k t h  
osf~&@&%s~~h@t &&ability and sensitivity analyses showed,option C to 
be a Wive@ ddcy investment which mufd easily be ~~. by@~np&ti0~  a d  
@%% b%abilhy, O p h  B is the mast favoud  for hmtors,because of.tbe.lower 
ap1 J Ehw&ment requirement and favourable proTmbility indices. The bu&ipss 
la& dr:Z&o s h a d  bet- the mushfoom growers and spawn producqrs QIwi et . 
rtl, 19m. ' . , . 

~ r b m  our marketpsearch, we found the existqnce,of sufi&erit market fgr + 

h s h  rather than canned or 'dried mlishroom in ~r~iria.''%Vk also established'that 
denha  was negatively cdtrelated with income of the potentid custamers (r = -0.1 8 
, p < 0.95 ) implying that investor would optimize their market dppartunities by 
employing low price market strhtegieii (~dc?fii~i'et 1 1998). I . -. I . -  1 



(ii) Engineering Economy Studies on Biogas Pmd~~ction 

Biogas derived from animal wastes and other biomass offers a convenient 
and replenishable source of energy needed by householders. I-Iowever, developing 
and utilizing this desirable, modern, ecology-oriented form of appropriate 
technology remains unpopular in Nigeria, partly because of lack of.infonnation on 
its economic viability. Therefore to stimulate householder's interest in the 
development and utilization ot'bio-gas technology in order to solve the perennial 
cooking energy problems at household level in Nigeria, we carried out the 
engineering design require men:^, and used the discounted cash flow rnet!ods to 
evaluate a 6.0 m3 family sized biogas project using cow dung as substrate in 
Nigeria. The financial analysis showed positive net present value (NPV); internal 
rate of return (IRR), and benefit /cost (BE) ratio and payback period of 0.05 million 
naira, 17.52%, 2.26 and 6.6 years respectively. This implies that the project has a 
good economic potential in Nigeria (Adeoti et a/, 2000). We have proposed three 
scenarios for incorporating biogas into household energy mix in Nigeria. Ifany of 
the scenarios is adopted, at least between 357 - 60,952 tons of CO, and other 
gaseous emissions into the atmosphere would be avoided annually (ikinbami et 
al, 2000). 

(iii) Agricultural Biotechnology R&D Management 

Nigerian Government has made tremendous efforts in the formation of 
National Science and Technology Policy which implicitly emphasises biotechnology 
development for economic development. However, it has not been commensurably 
translated to generate new technologies for industrial use. For instance, tissue 
culture and other biotechnological techniques have been applied for the production 
and processing of cocoa and palm produce. However, we found that the benefit 
derivable from this app!Ication was still very low when compared with what obtains 
in the international scene (Ilori et al, 1994). 

Instruments and strategies for implementing this and other related policies 
to bring about fill participation by the private, public and academic sectors include 
institutional and financial instruments. Others are creating complimentary 
capabilities such as provision of institutional facilities, foreign exchange to import 
biotechnology inputs which are not available in the country and development of 
bio-processing technologies for scale-ups (Ilori et al, 1994). Furthermore, citical 
management issues for the promotion of biotechnology R & D and innovations for 
economic development in Nigeria were reported by Irefin et al, (2005) to include 
development of core competence, bio- safety regulations, infrastmctural facilities 
and strategies for linking research to end users. The traditional base of 
biotechnology research and development had been the academic institutions. We 
therefore suggested adjustnients in the tertiary institutions and research institutes 

in order to stihulate biotechnology R & D and innovation. These adjustments are 
in the areas ofpromotion of e~ltreprer;~tiria)cculture within the academic environment, 
staff motivation and development of the intermediate, peripheral and bridging 
institutions (Irefin et al. 2005). 

Research on New Product and Process Development in the Industry 

Developing new products is a risky business endeavour, because a 
technically feasible innovation might not be economically profitable, and the product 
may not survive the commercialization process. Cooper (1978) and Crawford (1 979) 
reported that success rates for new inventions ranged from 1 % to 85 %. The 
results of a study we reported in 1999 showed that the food companies in Nigeria 
invested between zero and 2.5 % of their annual turnover in Research and 
Development {V&D), wk;h Qur of them investing less than 0.5 %. Four of the 
companies usedthe integration and overlapping approach of all the seven stages 
of new product*development process. Nine of the companies developed new 
products through a multidisciplinaly team of professionals. Most of the innovations 
were incremental in nature (Ilori eta/, 2000). 

In Nigeria, we also found that 64.67 % of new food products developed by firms 
were clear success, 12.5 % slight failure and none was a total failure, an indication 
of a high potential growth for the industry. Our results further showed that defense 
of market share position, maintenance of position as innovator, establishing a 
footho!d in a new market were the most important.factors motivating new food 
product decisions. This is an indication that new product decisions were market- 
driven rather than technology pushed. Product uniqueness also ranked as the 
most important contributor to new product success. This implies that the food 
companies should continue to monitor trends in the market for the purpose of 
developing new products to satisfj, identified markets (Oke et al, 1999), and building 
competitive advantage. 

In the area of process innovation, we faund that Information Technology 
(IT) improved both the efficiency and effectiveness ofthe decision making process 
in product marketing in a multinational food company. It had impact on some 
marketing variables such as product popularity, promotion/advertisement, 
distribution and sales (Adetayo et a/., 1999). Information Technology also enhanced 
operational efficiency in the banking industry in Nigeria (Ugwu et ai., 2000). 

COMMERCIALIZATION OFR&D RESULTS IN NIGERIA 

Our educational and research institutions have produced a lot of research 
results and inventions which are readily available in these organisations. These R 
& D results cut across various disciplines and industrial sectors. A few of them 
have been commercialized, and a lot are still in the shelves awaiting 



comrnercialization. This is unlike what obtains in the developed countries where 
. developn?ent of new and improved products and [,,-ocesses depend heavily on 

academic research findings. We therefore became interested in researching into 
issues that influence commercialization of R & D results and inventions from the 
academia. 

(i) Industry-academic Linkage 

The local industrial sector is often small and made up of production units 
majority of which cannot undertake R%D. This sector is supposed to interact with 
R&D oru,anizations in order to meet their R&D needs. However, in most developing 
countries including Nigeria, such interaction or linkage is very weak. In our studies, 
we. found that the major ties between the Obafemi Awolowo University and 
industries in its neighbourhood were found to be in consultancy activities such as 
iraining workshops, short courses and student industrial training. Little or no 
research ties or joint ventures were observed. This is probably due to reasons 
such as communication gap, cultural differences in terms of researchers' 
concentrating on publications for promotion only, and lack of research facilities 
and infixstructure that could meet the need of the industries (Oyebisi eta!., 1996). 

The work culrdre of research and educational institutions, indicates that 
they ere contented with Government patronage. They enjoy autonomy and are 
not ncccmtable 60 the industrial users of their R&D results. Consequently, these 
institutions, especial!? in Nigeria over the years preferred to define their R&D 
agenda wirhout anv interactionwith potential users. This has been described sls a 
ina.jor wedhess in the management of R&D and innovation (Oyewale, 2003, Irefin 
eta/., 2005). The domestic industries' lack of interest in the local research outputs 
has been associated with the strong preference for foreign technologies. This is 
one of the reasons why domestic industries are not keen to establish in-house 
R&D or patronize local academia for their research needs. This situation also 
informed why some local industries lac!: technological innovation culture and do 
not show interest in engaging quality scientific and engineering personnel in 
industrial R&D. The lack of confidence in the quality and competence of !ocai S B T  
professionals, especially expressed by foreign-based muitinationat companies 
affected tile linkage between academia and industries (Oyebisi et a/. 1996). On the 

. . part of indigenously owned industries, the level of appreciation and reTponse to 
the issue of collaboration with academia was associated with the level of education 
of the local entrepreneurs as educated or professional elite entrepreneurs are more 
receptive than the lower class entreprenevrs !T\lnadi, 2002). 

Lack of effective networking among the research oreanizations also leads 
to duplication of research efforts and wasre of resources (Oduola et a/., 2005). 
Linking R&Q to industry is therefore a desirable strategy for technology 

development and achievement of industrial growth. It d s o  facilitates the 
identification, characterizztion and ?evelopment of local material bases, new 
products and new pwcesses for industrial activities. 

The models for the transfer of techfiology Eom the academia to the industry , 

include information, licensing, venture capital, large company joint venture, the 
incubator-science park and ferret models. Application of these models was lacking 
between Obafemi Awolowo-University and industries in its neighbourhood. 
Strategies for using these models as facilitator for technological collaborations 
between the academia and industry were recommended. The collaboration must 
be controlled to avoid excessive business orientation of the University that may 

oe due to trade lead to reduction in hndamental research and loss of knowled, 
secrecy (Ilori et a!., 1995. Oyebisi et al., 2001). 

\ 

However, to further enhance the success of commercialization, some 
- 

interface organizations are usually established by the Governments and research 
organizations. Such institutions facilitate communications between academic and 
industrial environment, and coordinate research-industry linkage activities, without 
u ~ d u l y  disrupting activities within the organizations. These institutional 
establishments indude: 

a) Bndustriat LiaisonfFechnolog Transfer Office 

IsldustrIal Liaison/Technology Transfer Offrces are established by 
educational institutions a d  rese i l !  institutes to liaise between them and industry. 
These Offices, created to reduce the rigour of decision making process, are ussally 
involved irl d ~ e  processing, licensing and general management of patents and 
other intel!ectua! property :hat are developed in their parent organizations (Ilori 
and Irefin 1907J. From a recent Ph.D work which 1 co-supervised, out of 10 
universities and rksearch institutes~in Nigeria studied, only one claimed to have 
established an Industrial Liaison,Office (Oyewale, 2003). 

b) National R&D Brokerage Organizations 

These weqanizations that are involved in matters relating to patents 
and their exploitation. Activities of the organizations cover the whole county and 
they have large materials and human resources with which they support 
innovations. The Nationai OEce  For Technology Acquisition and Promotion 
(NOTAF) is the organization that plays these roles within the Nigerian National 
Innovation System. The ORice was established by the Federal Government by 
Decrae No. 70 of 1979. This organization is also involved in the promotion and 
commercialization of indigenous inventions, and the provision of information from 
the Patent Information and Documentqtion Center (NOTAP, 1999). 



I 
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c) Technology Business Incubation Center (TBIC) / Science and I I 

Technology Park 
i 

A Technology Incubation Centre or Science and Technology .Park is a 
property-based organization that supplies shared facilities for nurturing young 
firms (tenants) for short periods. Incubators usually provide their tenants with 
production space and offer them business, administrative, and technical support 
services, all at subsidized rates. While staying at the incubator, the company 
produces at a low scale, stabilizes its production system, establishes its presence 
in the industry and masters the business environment in which it is operating. On 

'graduating from the incubator, the incubated company relocates to an industrial 
estate to operate. 

Sponsors of incubators include Government (national, state, local), 
educational institutions, research institutes, development agencies, and the private 
sector each with its own motives for establishing the incubators. As at year 2000, 
one Technology Business Incubation Centre (TBIC) had b e n  established in each 
of 14 States in Nigeria by the Federal Government (Ukegbu, 2000). 

In our recent studies, we found that between 1993 and 2003, companies in 
the Agege TBIC experienced average capital growth between 40 - 820%, and 
increased turnover. Furthermore, diffused locally developed technologies 
contributed 70 -80 % ofthe technologies used at the center (Adeniyi el. at., 2005). 
These results confirmed the existence ofpotential for economic and technological 
development through the TBIC. , 

Science and technology parks are usually associated strongly with a 
Ur~iversity or research institute to encourage the formation and gmwth of spin-off 
firms and also rtimulates innovative activities in existing enterprises. They have 
been used by some countries for their industrial development. For example, between 
1960 and 1990. Taiwanese Government developed 7 1 industrial parks while private 
investors developed 1 1  and these parks had been major stimuli for industrial 
development of the country (Xue, 1997). 

The National S&T Parks that is located in Sheda Village in Abuja would 
be the first of its kind in Nigeria, when it becomes fully operational. TheObafemi 
Awolowo University, Ile-Ife, has also started preliminary work on the establishment 
of her S&T Park. Mr. Vice-Chancellor has been magnanimous enough,to appoint 
me to serve as the Chairman ofthe.cornrnittee to actualize the programme. More of 
these parks need to be established in Nigeria, as their availability would generate 
many spin-off firms. 

(ii) Funding the Commercialization of R&D results and innovations 

Banks do not finance R&D and innovation stages, but wait till the phase 
of production before they provide financial supports. Therefore commercialization 
of R&D requires a special type of fund called Venture Capital. Venture capital 
investments are usually in the form of equity, quasi-equity and /or conditional loan 
which are offered to new, high-risk, high-tech spin-off firms. Guild and Bachher. 
(1996) identified three classes of Venture Capitalists. These are Private Venture 
Capitalists (PVCs), Public Venture Capital Funds (PVCFs) and Business Angels 
(BAS). The PVCs are professional or institutional investors who operate on behalf 
of private shareholders. The PVCFs are owned by State, Federal, or Regional 
Governments while BAS are individual investors. Venture Capital Organisations 
(VCOs) usually groom spin-off firms into large companies. As the business becomes . 

well established, their shares are offered for sale at the Stock Exchange to several 
shareholders. This ensures the survival and sustainability of the company. 

To date, the only VCO operating in Nigeria is the National Risk Fund. 
Therefore, it is important for Governments at all levels to promote the creation of 
venture capital organizations and encourage the emergence of business angels to 
finance technological innovations in Nigeria. A possible source of VC funds in 
Nigeria is the Small and Medium Industries Equity Investment Scheme (SMIEIS), 
which was initiated by Nigerian Bankers Committee. As at the end of 2004, the sum 
of PJ22 billion had been accumulated for the scheme, which was launched on 
August 21,2001 (Sanusi, 2003). Out of this sum 447.7 billion representing 35 %had 
been accessed forfir?ancing 147 projects since inception. Indigenous cottage 
level industries such as metal casting for the production of hbusehold utenziles 
and garment making should also have access to this find. This will ameliorate the 
economic, environmental and production problems usually encounter by the 
operators ofthese businesses (Akinwunmi et at., 1996, Ibitoye and Ilori, 1998). A 
reasonable percentage of this unutilised accumulated find could also be dedicated 
to VC fmnx?;on (Oyewale, 2003). 

(iii) Research Policy and Strategic Management 

Many policies covering diffefent sectors of the Nigerian economy have 
been put in place to guide the process of development. Science and Technology 
policy is aimed at directing and coordinating R&D towards meeting the needs of 
the sdciety, especially in the field of agriculture, industry, health, among others. 
Without solid S & T policy, the industrial and other related policies will only 
promote commerce. The industrial policy promotes and increases productivity 
predicated on intensive research into local raw materials as input to manufacturing, 
and the acquisition of engineering design, fabrication skills, as well as adaptation 
of modem technologies and machinery (Emovon, 1999). The National Economic 





Infrastructural facilities are also immediate inputs into production, and 
' their costs have direct effect on costs of firms' products, competitiveness and 

profitability. For instance, in our study, the low productivity experienced by the 
small-scale food rnan~!facturing companies in Nigeria, had been strongly linked to 
some factors, which include irregular power supply and lack of standards for 
locally fabricated equipment and spare parts (Taiwo et a[, 2002). Our work on 
maintenance management also showed that poor record keeping, low compliance 
with maintenance schedule, and deficiencies in indigenous technological capability 
(ITC) for manufacturing spare parts and machines limit maintenance effectiveness 
in the manufacturing industries (Adeniyi et al, 2004). 

(vii) Motivation of ~nnovative Researchers/lndustry 

Researchers and students that generate inventions usually fail to venture 
into commercialization of their results because of the fear of uncertainty in the 
business world. However, the tacit nature ofthe inventions may require the inventors 
to work closely with the industrial firms that intend to exploit the inventions. 
These activities would take researchers out ofthe institution/institutes for a while, 
they are therefore cautious about embarking on such activities. However, 
researchers could be motivated if their employment conditions are modified to 
allow them to nurture such projects outside their institutionslinstitutes for a period, 
and later return to their jobs. 

Formulation and implementation of similar policies on nurturing spin-off 
companies by researchers outside their institutions/institutes, may encourage 
Nigerian scientists to venture into commercialising their inventions, and at the 
same .time, reduce the risks faced by the prospective academic entrepreneurs. 

Lack of incentive packages to attract the industrial sector to get involved 
in risky ventures such as commercialising indigenous inventions and R&D results, 
is'a significant constraint to the development of local innovation capability. Such 
motivation could be in form of benefits such as pioneer status, which would 
provide extra advantages to the firms in form oftax holiday, export promotion, and 
tax exemption on capital equipment. Other incentives could be in form ofprovision 
of matching grants for R&D costs incurred by industrial fi&s to encourage them 
in investing on R&D either within their organisations or R&D instituteslinstitutions 
within Nigeria. 

(viii) Patent Education and Effective Enforcement of Intellectual Property 
Rights 

Protection of intellectual property rights of patent holders is a critical 
aspect of technological innovation, as it encourages pegple to be innovative. In 
the Ph. D work which I mentioned earlier, we found !hat the level ofpatent education 

among Nigerian researchers was !ow as most nf them were not aware of'what 
phtzrt en'iails. ~ l t h o u g h  90% 'of researchers i n  Nigeria dlaimed to have 
cornmcrcialisab!e inventions. very few oftheni had protected their inventions with 
patent. while on!y ZO?h of t!le institutional respondents have patented some of 
theirs (Gye\vale, 2003). We also found tllat majority ofthe researchers in Agiculh~nl 
Bintechnolog!: did not patent their research results because of lack of interest 
(45%). igr!nrance (32?/5) and rigours of the procedure (32.396) (Irefin el (I/.,. 2005). 

The o ~ n e r s h ; ~  ctructure of the patents generated in the institutions/ 
institutes niusl be designed to ensure that the researchers and other staff in\,olved 
in their generation art: adequately compc~?sated and motivated. Such niotivation 
was provided by the cliange in US palent law in 1980. and resulted into seven-fbld 
increase in u~iversity paic!lts over a period of20 years (OECD 1998). Giving the 
researchers pal?, a p~ rcz !~ .  ;e of the patents that emanate from Govrrnrnent-funded 
researches may zlso serve RS incenti\~t' to Nizerian researchers. 

+ 
?ror-;1 tr?e discussion w 21r. o:le can conclude thai the Nigerian Innovation 

S:;stern is in!:c:e3tiy weak i n  achic~.irlg the desired latget of a knowledge-based 
-. and sustaiw.!,k ~?du?triz! cconl:)i?!v. !!?ere i s  a grcwing presure  in tprms of 

imo!.,cl;ins f!:nc?li:!: 7:;;i ;'cve!o~inp apprc?riatc mlssion, lor rcsearch instrtut?:~ 
-..[: & . -  . ad , j.,,r,!i~? ,..- r:il i i~;+!: . t i~.~y !n : f -~lni!~ reiiwant in hun:an rcsourcc developweir! 
4"~ '  I;r.2,:;;!.C'oA ~ ~ - i l - ~ r ~ ! i i ~ , t . !  T;ii* N:i:. inpk:i::rja[ dcve!o?ni.fit. This would require . . 2 *,,$-: ! + , . < > : ) ~ $ , > : . ~ ~ ~ ~ > ~ < ,  :2 ,.,,..;~,-.:;l-.:r. 5 ' V t  A ... . .. . $: .: .c gy, managen:ent procesxcs. resources. 
G:~T,~.:!!:~:J;? Q ! l d  LU!CC!~C ~ i - t h c  i?i~!i:~~:iu!ib. T ~ I E  ~ I ~ I ~ ! C I I I C I ~ ~ ~ ~ ~ ~ I I  ul ' t~~c  I C > L I I J C ~ I I I  i1 i2  
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j?ry;-arn i s  ;:n ;;r??ra?ivc h r  ihc ef'!icicnt rnanagcn~e.gt cf ~hrsc  institl~tions fgr 
incrsaseli ~:r+2.i<iivity .;n! ri;casirrr~b!c. impact::. Three ccre itreas :hot should b: 
cunslclercd ir. ibis rzs!rccruring pl-c.c:ss include: 

i. ~ipgradi:?~ !aborato~y faciliries, practice and methodology: 
- -  . 

ii. launching a prornoiicn i:nd marketing progran2rnc for research and 
technological or,ganii;ntioi~'s corporate image. !nark.;.ting their existine 
services. identifying 2nd evaluatin~ new oppcrrtunities. and 

iii. enhancing staff capability in priority areas through an interlsive 
progr.lm!ile of rechnical trair~ing and industria! exposure (Nsa, 2C03). 

Conccrteci eE~r::; need to be :zad: t~ qcr;::ti$ a:::! ev;!ua:e t!;e econg:nic 
viabl!;iy of R 8 D outputs in the councn., for thern to be relevant and meet societal 
nzeds (Odss!a a nl ?-G'J6j. Capability h'r translating the research results into 
cci;imercinlisable pioducts should be riurtured through effective linkage between 
the acadenlia and domestic industq.. 



A model hybrid coalition capable ofresolving cultural differences between I 

the a,ddemia and the industry has been proposed. The rn~,el will create a foru~r~ 
where effective means of communication would be developed and the two sectors 
would have the opportunity of interaction and exchange of ideas in an atniosphcre 
ofmutual trust and respect (Oyebisi and Ilori, 1996). Under this environment. both 
parties. together with Government. could establish the technological needs of the 
industry that requrres KbU intervention and get ~nvolved ln joint venture projects. 
Joint iniplementation of projects fio~ii resealcli. tecl~nology Jeveloptneri~ tu 
production and marketing is feasible under this arrangement. This will ensure that 
only technology or R&D projects that are relevant to and of direct application to 
tlie industry are embarked upon (Ilori e/ trl.. 1995). 

For S&T to succeed in pronioting development. foniiulatior~ and 
inipleinentation ot"KB'D policy and strategic p'lanning should occupy a central 
position in the research institutes. universities and other tertiary institutions. The 
strategic planning should flow out from the National S&T, Industrial and other 
relevant policies. The universities. polytechnics and research institutes should 
build intellectual capital around their core conipetencies and seek for opportunities 
to spin-oil! new technology-based enterprises arising from their K & U outputs 
and inventiolls. 'l'liey should ensure that all S & T activities are aligned with their 
sil-atcgiu clirev~ic~c~. Tiit. gl-owi~ry cl~ar~yrs  uf glubal sc-it-11~ific: a id  busil~ess 
rnvironrnent drniancl sldba! partnership tur future survival ot'our educational and 
research organisations. They should therefore reach our ro other global institutions 
and seek opportunity t'or international projects arid partnerships. 

Business units or Science and Technology parks having strong afiliotiur~ 
to educational an3 research organisations should be established to promore R&TI) 
markets and client industry relationship. Appropriate policy measures need to be 
put in p!ace to encourage greater investment in local RbD by industry. The 
contributions of the private sector in support of R&D should be enhanced to be 
greaterthan that ofGovernment. Government should put in place policy i n sm~cn t s  
such as tax incentives for R&D in order to encourage and proniote private sectel- 
expenditure on R&D. A more robust patenting regime should also be put in place. 
Provision of adequate infrastructure and standardization of !oca!ly fabricated 
equipment are necessary for effective operario!! ofthe Nigerian Innovation System. 

Concluding Wemarlo 

Mr Vice Chancellor. Sir. I want i o  end this lecture with a brief sn!nmary of my 
professional accomplishnient in teachiig, research-and services. Muwy 
postgraduate students have passed through my supervision. These include 7 
Ph.D. and more than 20 M.Sc candidates.'[ an1 currently supervising 4 Ph.V 
candidates at O.A.U., and one at tlie Department of Management Science at Ladohe 
Akintola University ofTeclinolo~y Ogbomoso and several M.Sc students at 0.A.U'. 
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In collaboration with colleagues, my research efforts have produced about 80 
publications out ofwhich some were reviewe;+ for this lecture. Just ofrecent? 1 was 
.given a research award in recognition ofmy contribution in the field of Technology 
Innovation Management by the International Association for Management of 
Technology (IAMOT), U.S.A. I was also selected " Man of the Year 2002" by the 
American Biographical Institute Board of International Research. 

Some of the service positions which I have occupied include Acting Director 
and Director of Technology Planning and Development Unit for 4 and 3 years 
respectively, V i ~ e  Dean of the Faculty of Technology and member of various 
Committees at the Units. Faculty and University levels, 1 have also taken part on 
two occasions in the review of the National Science and Technology Policy, and in 
the design of National Poticy on Materials. I also served at the Presidency as a S & 
T professional, assistic; <he Presidential Adviser on S & T and Human Resource 
Development in Abuja. 

411  the achievements were made possible through God Almighty and the supports 
ofmy wife, children, professional colleagues, friends and students. I am grateful to 
them, and to the Unlvcrsity for providing the enabling environment for these 
achievements. 

Than! you for your attenrion and patience. 
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