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INNOVATION AND THE FIRM

In any nation, industrial production takes place at the firm or enterprise level. It is the only

place where commercial production processes are mastered and an invention becomes an innovation.

Innovation may be defined as the process by which an idea goes through the stages of experimental

research and development, design and construction of a prototype or pilot plant, and finally

commercial production which culminates in a product on the market. Indeed, until a new product

or process reaches the commercial stage, technically it is only an invention, not an innovation. It

is in this sense that the firm has been described as the modernizing agent of the twentieth century.

But, needless to say, the firm does not operate in a vacuum, isolated from other agents in the

economy. It is only one component of the National System of Innovation (NSI) which is defined

as:

.... the system of interacting private and public firms (either large or small), universities and

government agencies aiming at the production of science and technology within national

borders. Interaction among these units may be technical, commercial, legal, social and

financial in as much as the goal of the interaction is the development, protection, financing

or regulation of new science and technology.

The four elements of the NSI are:

the institutions among which interactions take place: firms, universities, public and private

Research and Development Institutions (RDIs), and training and vocational education

agencies;

the State, an institution which is regarded as a distinct and separate element because its

policies and actions, in its regulatory and promotional activities, tend to generate interactions

throughout the system;

incentives which promote interactions and technical change: Government support for basic

and applied research, procurement policies, tariffs and quotas that tend to induce change; and

National Technological Capabilities: those technological competencies that account for

differences between firms and account for much of the observed differences in trade, growth

rates and international competitiveness.

Outside the NSI, a number of interested partners, such as donor organizations and R&D staff

of donor countries and other African countries, have important interactions with various elements

within the NSI. This paper focuses attention on the interaction between two categories of

institutions: industry (enterprises or firms) and the RDIs. But it must be borne in mind that this is

only one of the many interactions that take place within the NSI to produce innovations. In this

paper industry will refer to the group of firms engaged in the processing of natural resources, in

their raw or partly processed form, and the manufacture of marketable goods. It will exclude

agricultural production but will include the processing of agricultural and other raw materials.
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AFRICAN SCIENCE AND TECHNOLOGY POLICIES AND RELATED PROBLEMS

In the "pipeline model" of science and technology policy, "new knowledge" from "basic"

research is developed through "applied" technological research and development (R&D) to produce

new or improved technologies and innovations which generate economic benefits. It is now

generally accepted that this model, which has been adopted and adhered to for many decades, has

created two major problems for the developing countries: (a) the separation of R&D (which is

carried out in the RDIs) from innovation (which takes place at the firm level), with over-emphasis

on R&D, and (b) the separation of the Ministry of Science and Technology (which is responsible

for the RDIs) from the Ministry of Finance and Economic Planning which is responsible for

planning the economy (including industrial production). There are few countries in which an

integrated policy for science, technology and economic development has been formulated and

approved by government. Most policies are sectoral, for science or industry or economic planning

and development; rarely does one find reference to any explicit technology policy. These two

problems tend to isolate rather than centralize technology within the development process. And yet

there is no doubt that interest in technology must be related to its economic consequences. It is

unfortunate therefore that many developing countries continue to pursue the dual planmng model that

separates S & T from economic policy. Meaningful technology policy cannot operate in parallel

with, and without integration into economic policy.

NEED FOR CHANGE: RELATIONS BETWEEN INDUSTRY AND RDIs

In an attempt to deal with the innovation/R&D polarization, considerable attention has been

given to efforts to study industry-RDI relations and to build bridges between them.

In many countries of the developed world, there has been a long tradition of mutually

beneficial relations between research institutions, as producers, and industry as users of technology.

In Africa, some linkages have developed over the past few decades, but they remain relatively few

and weak. The paucity and weakness of these bridges are in the main due to the fact that almost

all African RDIs are publicly funded, which has made them a lot less aggressive and proactive than

they should be. They operate largely outside the structures of productive firms without routinely

conducting surveys of user needs - poor market and feasibility approach - and they lack the financial

capacity to proceed beyond the R&D stage. Even with what they are able to achieve, the

dissemination of the outputs could be much better targeted.

Over the past two decades, there have been clear signs that the status quo must change.

Pressure has mounted on both industrial enterprises and the RDIs to intensify and strengthen these

linkages. On the part of the RDIs, drastic reductions in the allocation of public funds, as a result

of national structural adjustment and economic recovery programs, have compelled them to evaluate

their market potential and look for other sources of income. And for African industrial enterprises,

globalization of trade has put implicit pressure on them to improve the quality of their products and

has thus sharply highlighted the need to increase their competitiveness through the acquisition of
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greater technological capabilities, the use of improved and new and environmentally friendly

technologies and better management practices. African industry has identified the urgent need for

a closer relationship with the sources of technology and technological training at the same time that

RDIs are exploring ways to convert their skills and products into successful commercial enterprises

as sources of additional financial support. It is interesting to note that this development has not been

the conscious and direct result of state policy; it is almost an accident, the result of forces outside

the control of African countries!

CHARACTERISTICS OF AFRICAN RDIs AND AFRICAN ENTERPRISES

Studies and observations in several countries of the region indicate certain characteristics of

both RDIs and African enterprises which have to be taken into account in mapping out the

possibilities for building RDI-industry bridges. Detailed and systematic studies have been

undertaken by scientists from the Nigerian Institute for Social and Economic Research (NISER) and

similar institutions in English-speaking sub-Saharan Africa, with funding support from the

International Development Research Centre (IDRC) of Canada, the Rockefeller Foundation and the

Carnegie Corporation of New York, under the general umbrella of the African Technology Policy

Studies (ATPS) Network. The results confirm the following important characteristics:

1. Large enterprises (employing more than 100 employees) and many medium-scale

enterprises (50-99 employees) import their technologies. Most of them operate at a

technical level beyond the reach of African RDIs; examples of these are

petrochemical, cement, steel and automotive firms in many countries. Most of them,

the multi-national firms in particular, hardly undertake local R & D. They depend

entirely on their technical partners outside the developing countries for their technical

support. There are indications that the pattern may be somewhat different in South

Africa and a few of the North African countries.

2. Large firms turn to RDIs only when compelled by law or in response to threats to

profit or capital. An example is the response to the raw materials crisis within the

brewery industry in the mid-eighties when the importation of barley into Nigeria was

banned. The breweries turned to Nigerian RDIs to develop alternative processes and

design equipment that would use local maize and sorghum raw materials. In Ghana,

similar pressures led a large enterprise engaged in soap manufacture to approach one

of the universities to design and help manufacture equipment for the extraction of

essential oils from local raw materials. The success of those initiatives has amply

demonstrated the very high potential that can be realized, even by large firms, when

RDI-industry linkages are more systematically explored and strengthened. Currently,

such relationships are few and relatively short-term.

3. The greatest number of linkages are between small firms and the public RDIs.

Although many of these firms import their technologies initially, they lack the
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financial resources to undertake in-house R&D or to pay for external technical

support on a sustained basis. Their technical level of operation is well within the

competence of the RDIs, hence the more intense relationship that has been observed.

4. Small enterprises are generally very widely dispersed geographically. Many of them

are therefore unable to reach the RDIs because of logistical and technical constraints.

5. In general, RDIs are multi-purpose institutions spreading limited resources over a

wide area. There is need for focus. They are currently plagued by serious financial

problems under the structural adjustment programs of the 1980s and 1990s. They

therefore have low productivity and are rather inefficient overall, but they are capable

of higher productivity and efficiency when donor funding is available and high

demand for the solution of specific problems forces them to focus.

6. Industry generates problems which can be identified and solved by the RDIs and thus

make research demand-driven.

7. RDIs do not have the technical capability and financial resources to commercialize

inventions. Few of them can develop ideas up to pilot plant stage. This is due to the

fact that the crucial step of prototype design and development is the most expensive

in the innovation process.

8. There is an information gap between RDIs and entrepreneurs in respect of services

available, competencies for trouble shooting and training, and research outputs.

9. On the whole, the RDIs develop relatively simple technologies suited to the small

enterprise, a result of limitations of finance, personnel and engineering backup.

10. Apart from the role of the RDIs as generators of technology, they are also

repositories of up-to-date scientific and technical information and skills which can be

exploited by industry in a number of different ways.

11. Within SMEs, incremental and adaptive technical change, rather than revolutionary

change, constitutes the bulk of innovations; there are also more process than product

innovations.

THE NEED FOR LINKAGES

There are a number of specific reasons why relationships between RDIs and industry are

considered desirable and indeed why such relationships have evolved and should be planned,

encouraged and strengthened. These may be listed as follows:
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1. Utilization of research results by industry. Such results may be process or product

technologies which have commercial potential and which can be developed into

marketable products. They may include technologies to substitute imported ones and

thus strengthen the local industrial base.

2. Exploitation of the RDI repositories of up-to-date technical information by industry.

In this way industry can gain access to technical information on technologies of

interest to them from sources other than those developed by the RDIs themselves.

3. RDIs have technical skills which industry needs for purposes of trouble-shooting,

routine maintenance and technical change when required, where these are not

available in-house. Often the approach from industry is made to individuals within

the RDIs who are known to have such skills rather than a blind approach to the RDIs,

but this need not be the case. The marketing of skills relevant to specific enterprises

must be specially targeted at them. In many cases, the capabilities required may be

those necessary for improving old plant or processes or to replicate previously

imported equipment in order to avert investment in new equipment. It is to be noted

in this connection that studies indicate that while most SMEs import their machinery

and equipment and continue to do so, a small proportion depend on locally fabricated

machinery which is technologically less demanding.

4. There is need for technical personnel in industry to bring new and practical

perspectives to the work of RDIs and thus create an awareness of the actual needs of

industry.

5. RDIs also have the technical competence and skills for undertaking analysis of

competing products and advising the enterprise on actions to be taken, which may be

a modification or complete change of process or product. Such expertise may also

be used in the selection of raw materials through analysis of possible alternatives.

6. Modern industry is in a constant state of change, needs to be, if it is to remain

competitive, and will continue to generate problems that need to be solved by RDIs.

7. Access to certain RDI facilities, which are not easy to duplicate, is often necessary

for specialized tasks in industry. On the other hand, an RDI may require the use of

specialized materials or technology available in industry. In this category falls certain

expensive testing equipment or fabrication machinery.

8. Many small enterprises find training courses very useful for introducing them to

specific technologies, especially at their initial stages. Soap making, palm wine

bottling and the hygienic preparation of certain specific foods fall into this category.

But training may also be organized to provide specific technical skills for the staff of

medium and large enterprises.
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9. Africa is learning to industrialize and any opportunities for interactions that enable

its enterprises to purchase or borrow technology and to acquire and accumulate

capabilities for technical change should be welcomed.

Possible Mechanisms for Industry-RDI Relationships

Many models have been tried in various parts of the world, including African countries.

They vary from the simplest to some of the most sophisticated. Among the simplest mechanisms

are:

1. Consultancies, in which an RDI is contracted by an enterprise on an ad hoc or more

sustained basis to identify and solve a specific problem. The nature of the problem

may vary widely from one arising from maintenance to the need to overcome

competition from a number of competing products or to substitute local raw

materials.

2. Industry-funded research by RDIs in areas relevant to the industry. The design and

fabrication of essential oil extraction equipment for a soap manufacturing firm is an

example of a relatively short-term contract. On the other hand, the setting up of a

special research institute which is completely funded by industry to work on problems

of the industry is a more sustained relationship. The Institute of Mining Research at

the University of Zimbabwe is an example of the latter.

3. Joint R & D programs between firms and between RDIs and firms. Such programs

exist in other parts of the world and involve firms which have limited research

capabilities. No African examples come readily to mind.

4. Successful Transfer of Technology from RDI to Industry. Some RDIs successfully

extend their operations beyond R&D and pilot plant stage and then disseminate their

innovations to SMEs. Such success is possible only with the right order of magnitude

of funding, usually provided by an external donor or medium to large industry which

realizes the market potential of the invention. The case of the work on the Sorghum

Dehuller by the Rural Industries Innovation Centre (RIIC) in Botswana is a good

example. With the financial and technical support of the International Development

Research Centre of Canada, the dehuller was identified as a high priority project. It

was aimed at relieving rural families of the drudgery of several hours of dehulling

of sorghum by pounding. A foreign technology was adapted, fabricated and

disseminated into industry. Local firms took up fabrication and so did some medium-

sized firms outside Botswana, including some South African firms. The product of

dehulling and milling is readily available on the market.
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5. Exchange of Technical and Research Personnel between a firm and an RDI. This

particular mechanism is a response to the need for RDI staff to experience the

environment of a firm and to be able to offer appropriate advice. It also responds

to the need to introduce new perspectives on the problems of industry to the RDIs.

Further, it forms the basis of a longer-term relationship.

More complex mechanisms are:

(i) Technology Consultancy Centres which organize a coordinated response to problems of

a wide range of industries. This kind of organization is required in a university situation in which

a wide range of expertise and skills are available. The interaction with industry, whether on demand

or as a result of a proactive survey of needs, throws up specific problems. It is the role of the

Centre to put together the necessary technical information and skills to tackle each problem and to

find a solution. In addition, individuals or units within the university may, by interaction with a

firm, identify a problem for which the solution will require the administrative and technical backup

of the Centre.

The Centre may also establish a technical presence in an industrial complex or estate to

facilitate day-to-day interaction. Such a presence enables the Centre to provide technical services

and training and also respond to actual problems. This could be a more organized and complex

form of industrial attachment in which there is interaction on a much broader front.

A group of non-university RDIs could also arrange a similar mechanism.

This model is similar to that of a University Outreach Centre which targets specific

communities, discusses problem(s) in detail with members of the community, organizes a team from

the University to undertake necessary research, arrives at solutions and applies them to relieve the

community of the problem(s). Problems in the field of health or employment may be dealt with in

this manner.

(ii) Technology Incubators and Science Parks. These may be regarded as an extension of

the RDI presence in an industrial estate. However, there is the possibility of having many RDIs

involved as well as a wider range of SMEs. The primary purpose is to facilitate the transfer of

skills, ideas and inventions from RDIs to industrial SMEs and for RDIs to identify and meet the

needs of the SMEs, whether these be technical change needs of training in specific skills. They

provide the opportunity for RDIs to evaluate the commercial potential of their inventions and to

eventually set up pilot plants which can be developed into commercial ventures, through patenting,

contracting with manufacturing firms, securing legal advice and venture capital. RDIs generate

significant operating funds through such arrangements with industry, but it should be noted that

interactions with providers of engineering and related technical services, legal and business

management advice and venture capital, etc. are necessary.
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The problem of initial funding for a university involvement may be solved by the

establishment of a University Research Trust which acts as an intermediary between the university

and industry.

(iii) Export Processing Zones (EPZs) as innovation centres. These extended duty-free

manufacturing zones bring together on a permanent basis a multitude of establishments for

manufacturing and services to benefit from excellent infrastructure and very attractive incentives.

They create centres for technology and skills exchange, in which RDIs can participate. In

Mauritius, there are some 4,500 such establishments in the EPZ.

(iv) Trade Fairs also present an opportunity for interaction, but the participation of RDIs

is not significant.

Some Success Stories in Africa

There have been a number of successful linkage arrangements between RDIs and industry,

some of which have already been mentioned. Only a few examples will suffice.

Most of the innovations that have been observed in studies were based neither on frontier

scientific findings nor on new scientific breakthroughs at the international level. They were,

however, technical breakthroughs of great practical and commercial significance within the firms

concerned.

1. Collaboration of Nigerian Breweries and Guinness with the Institute of Agriculture,

Ahmadu Bello University, Zaria at an early stage to develop an alternative malting

process based on maize or sorghum.

It moved the brewery sector from the path of import dependence to one which is

local resource-intensive and represented a significant event in the sector's history.

It was, however, not a revolutionary innovation in that the brewing process remained

the same, the product remained the same (larger beer or stout) but the process and

the equipment was adapted to suit the Nigerian environment.

2. Extraction of Essential Oils from local raw materials with newly designed equipment

for use on-farm. This innovation is also not revolutionary; however, it represented

a significant shift from the export of raw materials and the import of the finished

essential oils for use in the local soap manufacturing industry.

3. The Institute of Mining model at the University of Zimbabwe is a rare example of

an institute fully funded by industry. It has been in existence for several decades and

has helped develop a number of process innovations in the mining industry.
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4. The development of Micro-Concrete Tiles in the Cote d'lvoire was achieved using

a similar mechanism to that for the development of the Dehuller. These tiles which

were made from local materials replaced expensive imported tiles. They are long-

lasting, economical and accessible to the majority of Ivorians. After research and

development at the Ecole Nationale Superieure des Travaux Publics (ENSTP) at

Yamoussoukro with funding support again by IDRC, pilot plant demonstrations and

training throughout the country enabled thousands of people to find employment.

Success is attributed to successful R & D, political will to promote low-cost housing,

partnership with external R&D institutions and the vital financial support of the

external donor.

5. The Zimbabwe Solar Photovoltaic Initiatives follows Government policy to promote

the use of solar energy. Over a period of three years, 7,500 solar photovoltaic units

were imported and installed. This triggered off the development of SMEs throughout

the country to provide technological support through the local manufacture of related

products like charge controllers, batteries, light bulbs, low-cost 10-15 watt systems,

battery charging stations and assembly photovoltaic modules. Some of the technical

support for these initiatives were organized by the SIRDC of Zimbabwe, an RDI.

THE FUTURE

The ultimate common objective for African industry is to innovate. Innovation is only

possible through a process of learning. From the studies that have been made, it is clear that we

have a long way to go in making our National Innovation Systems perform at the desired level. Not

only should we declare that it is necessary to strengthen RDI-Industry Relationships, we should

provide the environment and the incentives, through government policies and actions, including

procurement policies, to move us in the right directions.

In a recent development, innovation centres are being set up by local authorities in the

developed countries to promote innovation and trade, and to generate jobs. These centres provide

space, advice, assistance and opportunities for interaction with a wide range of partners, including

national and international companies. They offer lettable space in high quality physical environment

and provide a flexible, innovative and supportive high technology home for small companies, with

a full range of infrastructural and support services, including very good communications and

excellent engineering skills. The owners are keenly aware of the need to maintain a training

network to meet future needs and therefore have close working relationships with training and

enterprise bodies, near-by universities and colleges, the association of industries and the chamber

of commerce.



ECA/FSSDD/S&T/ED/98/4

Page 10

Companies from the science and technology industries find recruitment relatively easy with

a good inflow of students graduating from near-by universities. The owners are keen to strengthen

this sector and are working towards encouraging and attracting more R&D establishments.

A local task force ensures that skills training in the area is coordinated and meets the needs

of existing and new businesses.

Ultimately, this kind of development in which Government and local authorities play a

critical role should provide the push that should lead to the strengthening of the National System of

Innovation.
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According to S. Lall (Developing Countries as Exporters of Technology, Macmillan, London,

1982), there are three categories of learning:

1. Elementary learning, including "learning by doing" and learning by adapting;

2. Intermediate learning which is essentially "learning by design" and "learning by

improved design"; and

3. Advanced learning which is represented by "learning by setting up a complete

production system."

Examples

Technology Consultancy Centre of UST:

1. Foundry at Suame: demand driven; commercial production if volume of demand for

a particular product is high.

2. Training in small-scale manufacturing: ceramics.

3. Innovations in Kente weaving: production of the broader loom: 3" to 24"?

4. Micro concrete tiles.




