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The International Institute for Sustainable 
Development (IISD)
http://www.iisd.org

The International Institute for Sustainable Development contributes to sustainable development by
advancing policy recommendations on international trade and investment, economic policy, climate
change, measurement and assessment, and natural resources management. Through the Internet, we
report on international negotiations and share knowledge gained through collaborative projects with
global partners, resulting in more rigorous research, capacity building in developing countries and better
dialogue between North and South.

IISD’s vision is better living for all—sustainably; its mission is to champion innovation, enabling
societies to live sustainably. IISD is registered as a charitable organization in Canada and has 501(c)(3)
status in the United States. IISD receives core operating support from the Government of Canada,
provided through the Canadian International Development Agency (CIDA), the International
Development Research Centre (IDRC) and Environment Canada; and from the Province of Manitoba.
The Institute receives project funding from numerous governments inside and outside Canada, United
Nations agencies, foundations and the private sector.
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International Centre of Economic Policy for Sustainable
Development (CINPE)

The CINPE was set up by the University Board on March 2, 1995, with the Netherlands’ support, on
the basis on the experience gained from the Master’s Degree Program in Economic Policy for Central
America and the Caribbean, which had been created nine years earlier.

The CINPE, a transdisciplinary institute of research specializing in economic policy, also deals with
teaching, professional development and provision of services. Driven by the aim to promote sustainable
development, the institute’s guiding principles are the right to a better living standard, the sustainable
use of natural resources, peace, democracy, the respect for ethnic and cultural diversity, and the rights of
future generations. Such guiding principles underlie the analysis, evaluation and design of economic
policies, at macro and at sector levels, including the impact and the valuation of natural resources and
environmental services.

The multi-dimensional character of regional needs demands a balanced response that integrates social,
environmental, economic and institutional aspects. This will be the only way to achieve sustainable
development translated into ecologically- and socially-oriented patterns of production, consumption
and regulation, and into an ethical and human commitment that takes into account the context of
interdependence in which we live.
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Introduction

The need to survive in the market has often been a powerful incentive for firms, pushing them to
introduce innovations. In developing countries, firms must develop tacit, firm-specific knowledge to be
able to grow, create skilled jobs, compete with imports and transnational corporations in the domestic
market and export to increasingly demanding clients in the world market; all the while meeting
significant environmental requirements.

Firm-specific knowledge is the result of costly and complex learning processes in which enterprises have
to continuously acquire skills, resources and capabilities so they can receive, assimilate, use, adapt,
change and innovate technologically. Since environmental problems are highly location- or firm-specific,
there is also a need to develop innovative capabilities to find solutions to problems for which there are
no “on-the-shelf” technologies available. Furthermore, the search for eco-efficiency and clean
production methods—which can improve environmental performance with lower costs than traditional
end-of-pipe systems—is closely linked to the availability of innovative capabilities at the firm level.

As discussed in the United Nations Industrial Development Organization (UNIDO) report Competing
through innovation and learning (2002), these learning processes face risks, uncertainties and costs.
Learning itself often has to be learned. At the same time, technological learning in a firm does not take
place in isolation. The process is rife with externalities and is driven by links with suppliers of inputs and
capital goods, competitors, customers, universities and research institutes. These linkages may lead to
the development of local, regional and/or national systems of innovation and/or clusters in which new
and cleaner technologies are created and diffused.

Firms’ strategies to manage innovation may change according to the characteristics of markets and other
conditions. In general, it is possible to identify both barriers to and motivators for innovation. Some
issues factor into how firms manage innovation processes. Factors include returns and life cycles, risk
management, R&D expenditures and the effectiveness of the system of innovation itself. As argued by
Veugelers and Cassiman (1998), one important aspect within innovation management is the optimal
integration of external knowledge, since innovation increasingly derives from a network of companies
interacting in a variety of ways.

Considering that in Costa Rica, technology-sourcing strategies have not been well explored, the
challenge of this research project includes examining innovation sourcing strategies and, more
concretely, analyzing the main barriers to and motivators for innovation in the agro-industry sector in
Costa Rica. Considering the lack of databases on the issue, a survey was developed for the sector. 

Similar studies have identified classic relationships between innovation and company, technology or
market characteristics. They have also examined factors determining make and/or buy decisions
pertaining to technological innovation. For example, Veugelers and Cassiman (1999) tackle the question
of firm innovative activities in terms of internal versus external technology creation and acquisition in
two steps. For them, in the first step a firm decides whether or not to innovate. In the second step, the
innovating firm decides how to source information. The choice is between making or buying
technology. Veugelers and Cassiman’s model—besides utilizing standard explanatory variables like size
and measures of technological opportunity—includes variables that account for appropriation regimes
for innovative profits as well as other obstacles and motives to innovate 
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To facilitate innovation processes and the acquisition of technological capabilities it is crucial to
complement trade liberalization with innovation policies, including initiatives to foster the adoption and
development of environmentally-friendly technologies, as is being incipiently carried out in some
developing countries. While Small and Medium Enterprises (SMEs) are usually the priority targets of
these policies, large domestic and foreign-owned firms are also increasingly targeted through the
development of programs aimed at developing local suppliers, helping clients in their exports, fostering
linkages with research and training institutions, diffusing environmental management systems, etc. 

These new policies are not easy to design and implement, but a learning process in their application is
taking place in several developing countries. The literature on systems of innovation gives some
guidance, stressing the need to strengthen components of the systems and facilitating the ways in which
they interact. The idea is that innovations are generated in interactive processes of learning. Normally,
individuals cannot develop everything for themselves without the interaction of other agents, or without
the use of existing knowledge (Edquist and Johnson 1997). 

Under these conditions, the idea of systems of innovation seems to be convenient. With these
approaches, the framework is broadened beyond the input-output system to include industries and firms
as well as other actors and organizations, primarily in science and technology. Technology policy also
comes into play. This analysis is carried out at national level. At the aggregate level, it studies R&D
activities and the role played by universities, research institutes, government agencies, government
policies and the linkages between them (see also Freeman 1988; Lundvall 1988 and 1992; Nelson 1988
and 1993; etc.). 

Following these general ideas, this paper presents a report on barriers and motivator for innovation in
the agro-industry sector in Costa Rica. The study has three objectives:

• to examine the relationship between innovation strategies at the firm level and some specific
characteristics of innovation processes using data from a survey in two agro-industry export
sectors;

• to analyze internal and external factors working as barriers or motivators for the introduction of
cleaner technologies in firms; and

• to analyze components of the system of innovation1 and its impacts on the innovation processes
in the agro-industry sector.

This paper applies a survey to the agro-industry sector and compiles information of the components of
the system of innovation. 

1 Main institutions such as laws, property rights, work norms, financial facilities, etc.; characteristics of the industry such as
performance, number and size of firms and employee complement, etc.; features of the educational, training and R&D systems;
patterns of demand, structure of production and market pull; main policies and regulations by regulatory authorities and policy-
makers; role of other stakeholders; features of the knowledge and learning processes in the sector; kind of interactions among
different stakeholders in the sectors.
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1. Factors facilitating or hindering innovation: The
relevance of systems of innovation2

The discussion about determinants of innovation is very complex. To have a complete picture, it would
be necessary to include several dimensions into the analysis. Actually, the use of simplistic models can
seriously distort thinking (Kline and Rosenberg 1998). 

There is an agreement that innovations are multi-causally explained. It is clear that a very wide range of
factors influence the innovative performance of firms in any nation (Nelson 1992). It is also clear that
different determinants probably support and reinforce each other (Edquist 2001). 

In this paper, we follow a system-of-innovation approach. The argument is that the system as a whole
plays a fundamental role in innovation, but it is also possible to study core determinants in the system.
To describe this idea, we present a general model in next section.

1.1 A general model

There are many factors that could determine the innovation processes. “The list from the literature on
innovation and systems of innovation includes such factors as: the institutional set-up, knowledge and
learning, infrastructure, patterns of demand, production structures, government policies, feedback
mechanisms, the science, universities and other organizations, the size and degree of affluence to the
markets, the base of natural resources, the performance of the industry in which a firm is situated, the
education and training systems, capabilities and stimuli generated within the firms, financial facilities,
macroeconomic trends, technological bottlenecks, the R&D system, the possibilities of appropriation of
the benefits in innovation processes and asymmetries among firms and other organizations” (Orozco
2004: 61). 

It would be useful to weight the relevance of different factors. However, the literature doesn’t give any
model prioritizing the relevance of each determinant. This kind of weighting is only possible in
empirical studies. From a theoretical point of view, it is possible to generate models organizing different
determinates. This exercise can be useful for grouping determinates according to the main groups of
actors in innovative systems. There is a general model in Figure 1. The model is based on a sectoral
approach to systems of innovation. The model considers some of the relevant factors for each group and
for various innovations, including institutions, knowledge/learning processes and the quality of
interactions. There are also two more factors affecting innovation processes in general: path dependency
and the level of uncertainty. Some other factors are grouped according to the different groups of actors
who can have relations with firms and with each other.

2 This section is based in Orozco (2004: chapter 4).
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The main groups of actors in the sectoral systems of innovation in the model are:3

1) suppliers and related industries;
2) educational, training and R&D systems;
3) customers and competitors of relevant markets;
4) regulatory authorities, including all kind of policy-makers;
5) other stakeholders; and
6) the firm.

There are several factors facilitating or hindering innovation related to suppliers and related industries.
This is the case for sector performance; the existence of asymmetries among firms; and the existence of
technological bottlenecks in the sector. Into the group constituting educational, training and R&D
systems, main factors include their resources; and the quality of these systems. In the group delimited by
market customers and competitors, main factors facilitating or hindering innovation include patterns of
demand; production structure; market pull; and financial facilities into the markets. Policies and
regulation, including financial facilities,4 for innovation are the main factors in the group of regulatory
authorities and policy-makers. Finally, public opinion and representation as well as legitimacy are the
main factors in the group of other stakeholders.

According to this model, the main determinants of innovation in firms include internal capabilities;
resources; forms of organization; and stimuli to innovation. The possibility of appropriating the benefits
of innovative processes is another relevant factor within firms.

Factors facilitating or hindering innovation

Source: Orozco 2004

Institutions are a key factor in innovation processes. Innovation is shaped by institutions and
institutional change. Institutions also play a strong role in innovation processes because of their role in
shaping human interactions. and because of their impact on learning processes.

3 This model is inspired by the Lindegaard’s (1997) propeller model, but is more specific in focusing on firms instead of any kind of
organization. It also considers a wider set of interactions and relevant determinants of innovation.

4 Financial facilities are institutions relevant for all groups of actors. Therefore, financial facilities are analyzed as a part of the group
of institutions.
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Innovation processes are determined both by stock, or existing knowledge and the capabilities to
accumulate new knowledge, i.e., learning. More concretely, innovation is a result of learning and
changes in the stock of knowledge. 

Models of organizational learning are also relevant because they determine the capabilities of firms to
handle knowledge and learning. Capabilities for interactive learning with other firms can differ in
different models of organizational learning. One of the main differences among different models of
organizational learning is the ability to handle and mobilize tacit knowledge. 

The introduction of knowledge and learning processes at firm levels are shaped by other societal factors at
the system level. Lam (1999) for example, argues that societal factors such as education and training systems
and types of markets and careers are important factors in shaping organizational structures and processes
within which the knowledge of a firm is embedded. However, the capabilities of systems to promote the
introduction of knowledge can vary. Some systems can generate better conditions for learning processes than
others. Several aspects characterizing the systems of innovation such as educational and training systems, the
structure of markets and, in general, conditions for knowledge creation and diffusion into the system, affect
patterns of learning and the base of knowledge at the firm level, determining innovation processes.

The quality of interactions is a key determinant of innovation processes because innovation is a social
process that includes the participation of different stakeholders. There are several kinds of actors
participating in innovation. For OCDE (1997), these actors are primarily private enterprises,
universities and public research institutes and the people within them. Innovation processes are affected
not only by the number of interactions within systems, but also by the specific contribution that
interactions make in terms of solving specific key issues as processes unfold (Orozco 2004).

The quality of educational, training and R&D systems—measured in terms of resources, competencies
and organization—factor significantly in determining innovation at the country or sector level. These
systems provide firms with a flow of people with the required knowledge and skills to innovate (Lundvall
1992; Nelson 1992). In a similar way, universities and similar institutions are factors determining
innovation because scientists and engineers from universities often go into their industry field to get
formal training. Besides, in most (but not all) countries scientists and engineers are the locus of a
considerable amount of research in the disciplines that are associated with particular technologies
(Nelson 1992).

The production structure affects the innovation performance because technological possibilities and
bottlenecks are different from sector to sector. The structure of demands matters because it affects public
and private consumer learning, which is necessary to keep aggregate demand increasing in line with
production capacity. – Gregersen and Johnson 1998: 107

A relevant factor inside firms is internal organization. The interaction between different departments is
crucial. It becomes important because most innovations are developed by firms (Orozco 2004).

One aspect that firms evaluate when deciding whether to invest in innovation is the earning potential.
Innovation is, in this way, influenced by the appropriation of the benefits of innovation. Johnson (1992)
argues that the distribution of benefits; cost and opportunities; and risks between people interacting
influence the processes of innovation. It influences the information communicated, the interaction
undertaken and the efforts put towards these activities. 
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Path dependency is a key factor for innovation. Actually, past options and strategies as well as past
performance are determinants of innovative performance in the present and future. One firm cannot
begin an innovation process without considering knowledge and resources as well as innovation
experiences in the past. In that sense, the “past” is a key determinant of innovation. In the literature, this
has been discussed in terms of path dependency and technological paradigms and trajectories. At the
firm level, the notion of path dependency is centred on the idea of positive returns and is located in
different domains: technology as hardware; knowledge base; and routines (Coombs and Hull 1998:
242).

The level of uncertainty is a determinant of innovation. Dosi distinguishes between uncertainty and
strong uncertainty. The first is defined in terms of imperfect information about the occurrence of a
known list of events. With strong uncertainty not only is the list of possible events unknown, but also
the consequences of particular actions for any given event. The presence of strong uncertainty in most
innovative searches leads firms to work with relatively general and event-independent routines. This also
points to the importance of particular organizational arrangements for the success or failure of individual
innovative attempts (1998: 1135).

1.2 Factors facilitating or hindering the introduction of cleaner technologies

For Gunningham and Sinclair (1997), the majority of barriers for firms to move towards cleaner
production can be placed into one of two categories: those that are internal to the firm; and those that
are external to the firm. Their report identifies the main barriers—or factors hindering the introduction
of cleaner technologies—as follows:5

Internal barriers

• a lack of information and expertise;
• a low awareness of environmental issues;
• competing business priorities, (i.e., especially the pressure for short-term profits);
• bounded rationality in decision-making processes;
• financial obstacles;
• lack of communication in firms;
• middle management inertia;
• force obstacles; and
• difficulty in implementing cleaner technology.

External barriers

• the failure of existing regulatory approaches;
• difficulty in accessing cleaner technology;
• difficulty in accessing external finance;
• perverse economic incentives;
• an absence of markets for recycled goods; and
• economic cycles.

5 Both internal and external motivators and barriers in this discussion are considered in my model. These aspects were organized
taking into consideration the main actors playing a role in determining respective factors. (consider revising this footnote: 1)this
footnote falls under internal barriers—not internal external barriers or motivators, so the footnote is confusing; 2) define “this
discussion,” 3) my model, and 4)“respective factors.”
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The main motivators and drivers identified by Gunningham and Sinclair (1997) include: government
regulation; the ability to share information through networking and business partnerships and access to
external expertise, particularly for smaller firms; the desire to maintain good community relations,
particularly for larger firms; the convergence of more efficient production processes with sophisticated
cleaner production processes, such as environmental management systems; and access to financial
incentives for investment in new, cleaner technology.

2. Determinants of innovation in the Costa Rican agro-
industry sector

This section describes some relevant results of the survey. Data is used to describe the main
characteristics of innovation processes and firm strategies. It also provides a brief description of the main
factors determining innovation in the agro-industry sector. Some basic elements of the system of
innovation are studied by analyzing the interactions of firms with relevant system actors. Finally, there
is an analysis of activities for environmental protection and barriers for cleaner production. Descriptive
statistics are used for this analysis.

2.1. Data

Data comes from a survey of managers as of the first part of 2005. The population of survey subjects
consists of all firms in the agro-industry sector in the metropolitan area of Costa Rica. However, because
of the small number of firms in the sector, the survey was expanded to include the whole population of
Costa Rica. A hundred and eighty-seven firms were sent surveys. Forty-two responses were received,
yielding an adjusted response rate of 22 per cent.

In the survey, managers were asked to answer questions normally included in innovation surveys from
the Bogotá Manual. They were contacted by telephone to make appointments. The members of the
survey team then visited the firms to complete the survey. In some cases, the respondents asked for some
time to look for information and it was necessary to undertake a second or even third visit. Some of the
firms rejected responding to the survey (16 firms), arguing that they answered a similar questionnaire
some months ago. A majority of potential respondents (129 firms) began answering the survey and then
didn’t complete it, arguing that they did not have the necessary information.6

2.2. Innovation strategy at firm level and some specific characteristics of
innovation processes

Most of the respondents have developed innovations in the last three years: 31 of the 42 firms made
some innovations in products; 30 introduced innovations in processes; 24 developed organizational
innovations and also 24 innovated in marketing; and only eight firms did not introduce any kind of
innovation. In contrast, several firms worked on different innovations simultaneously.

The innovations developed by firms impacted their performance in different ways. As shown in Table
1, innovations in most of the firms had high economic impacts because of improvement in the quality
of products. As well, firms were able to develop a wider array of products. The firms also benefited
economically in terms of market share.

6 This situation seems to show a poor management of innovation issues or even a lack of innovation in the firms. 
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However, only seven firms benefited from high economic impacts. These firms reduced the use of raw
materials and other inputs, which saved money. Only eight had significant reductions in energy
consumption. In general, innovations made it possible for 22 firms to increase market participation or
open new markets for their products. In summary, innovations had both high and medium economic
impacts in the performance of the firms. This seems to be a key incentive for investing in innovation
processes.

Table 1. Impacts of innovation: performance issues according to impact levels

Performance issues Level of impact

High Medium Low Irrelevant

Improving the quality of products 28 4 0 1

Establishing a wider array of products 24 3 3 –

Holding marketing share 28 1 1 2

Increasing market share 22 4 3 3

Opening new markets 22 6 3 1

Increasing the capacity of production 16 10 1 5

Increasing the flexibility of production 14 8 3 6

Reducing costs 9 10 6 7

Reducing the consumption of raw materials and inputs 7 9 4 13

Better use of worker competences 20 6 1 6

Reduction in energy consumption 8 11 3 11

Improvement in environmental and security issues 19 5 3 5

Reaching national standards 13 4 7 5

Reaching international standards 11 4 6 9

Note: only 34 firms answered this specific series of questions. Therefore, there were eight missing answers.

Firms use different sources to acquire the necessary information to develop innovations, as shown in
Table 2. The main sources are internal to the firm. A big group of firms also use knowledge gained from
customers and competitors. Universities and R&D centres are also relevant, but only for a few firms.
Information also comes from advisors, conferences, the Internet and magazines and catalogues, (but less
firms use these sources).

Table 2. Number of firms using different sources of information for innovation activities according to the relevance of each
source

Sources of information Relevance

High Medium 

Internal sources to the firm 21 12

A related firm 9 14

Head office 5 0

Customers 21 5

Competitors 18 4

Suppliers 11 16

Universities (centre of technological I&D) 9 8

Advisors, experts 9 10

Fairs, conferences 8 12

Magazines, catalogues 9 9

Databases 6 8

Internet 8 14
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The firms have also invested in several activities in order to facilitate innovation processes. As is shown
in Table 3, firms invested in activities including: training; contracts of technology; capital goods;
hardware and software; R&D; engineering and industrial design; and management. These activities have
been oriented both for innovations in products, processes, organizational innovations and improvements
in marketing. An important group of firms benefited from those investments, especially in terms of
internal R&D and training. But in general, most of the firms doing this kind of investment got positive
results.

Table 3. Firms with investment in different activities designed to facilitate innovation; organized according to kind of innovation

Activities Product Process Organization Marketing Positive result

Training 22 22 22 18 27

Contract of technology 17 19 16 16 25

Capital goods 22 21 16 14 23

Software 18 19 23 21 26

Internal R&D 30 27 22 24 28

External R&D 15 10 11 15 18

Engineering and industrial design 16 15 15 11 19

Hardware 15 19 24 21 23

Management 14 18 16 16 22

An interesting result is that only a few firms are developing their own patents. Actually, there are only eight
firms that own patents in Costa Rica or abroad and only six are exploiting their patents in Costa Rica.

2.3. Factors facilitating or hindering innovation

Table 4 shows the relevance of a large number of factors that hinder the innovation process in the agro-
industry sector in Costa Rica. However, only a few firms indicate that these factors have high relevance
in terms of inhibiting this process. Taking into consideration both high and medium relevance, more
firms mention: the lack of trained workers; the structure of the market; difficulties in accesses funding
for innovation; and poor organization related to science and technology. Other factors like physical
infrastructure and small market size are also relevant barriers to innovation for several firms.

The property right system is only a barrier for three firms. It is also interesting that only two firms
consider risks associated with innovation as a factor hindering innovation processes. Something similar
is truth for organizational rigidity and for the fact that innovation often takes time to produce returns.
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Table 4. Number of firms with high or medium relevance of barriers for innovation, according to different factors

Factors Relevance 

High Medium 

Lack of trained workers 7 13

Organizational rigidity 2 7

Risks associated with innovation processes 2 12

Long return period 2 9

Small size of the market 6 11

Structure of the market 6 12

Show dynamism of technological change in the sector 3 9

Difficulty in accessing financial resources 8 13

Lack of opportunities to collaborate with other firms or organizations 8 7

The ease of others to imitate 6 11

Insufficient information about markets 4 14

Insufficient information about technologies 5 12

Problems associated with promoting S&T at the public policy level 7 2

Weak development of institutions related to S&T 6 13

Problems with physical infrastructure 8 9

Property rights system issues 3 5

High cost of training processes 8 9

2.4. Networking and innovation

In general, firms have interactions with different actors, especially to innovate. In Table 5 it is clear that
most of these actors are relevant to the agro-industry sector. Firms have interactions with universities,
technology centres, laboratories and R&D firms, customers, suppliers and advisors. Few firms, however,
have interactions with other firms or with agencies and governmental programs in regards to science and
technology.

Table 5. Number of firms having interactions with different actors to promote innovation

Actors Interactions 

Yes No

Universities 25 16

Technology centres 20 21

Institutes for technical training 12 29

Laboratories/R&D firms 23 18

Other organizations related to R&D 9 32

Suppliers 32 9

Customers 29 12

Head office 7 34

Firms in the same sector 11 30

Other firms 4 37

Advisors 17 21

Agencies or governmental programs for S&T 5 36
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2.5. Innovation and environmental protection: Barriers and drivers

Awareness about environmental issues has been increasing in Costa Rica. This also seems to be the case
in the agro-industry sector, where only one of the interviewed firms has not invested in any kind of
activities to enhance environmental protection. 

Table 6. Number of firms with investment to enhance environmental protection 

Kind of investment Yes No

General investment for environmental protection 41 1

Investment in system and equipment for water treatment and disposal 20 22

Actions for remediation of environmental impacts 18 24

Improvements in the efficiency of water use, raw materials and energy 15 27

Changes to reduce polluting processes 14 28

Substituting polluting materials 6 36

Development of environmental-friendly products 5 37

Internal or external recycling 4 38

Environmental certification 0 42

Many firms are investing in water treatment and disposal and on actions to remediate environmental
impacts. Fewer firms have adopted pollution prevention approaches: 15 for improvements in the
efficiency of water use, raw material and energy; 14 for changes to reduce polluting processes; but only
six for substituting polluting materials; five for developing environmental-friendly products; and four
for internal or external recycling. None of the firms have invested in environmental certification (Table
6).

Table 7. Number of firms with barriers to technologies to enhance environmental protection 

Barriers Yes No

Inexistence of technologies in the international market 40 2

Inexistence of technologies in the local market 20 22

Lack of adaptation of available technologies to the firm’s needs 13 29

The available technologies are protected by property rights, patents or other mechanisms 4 38

Lack of information on available technologies 2 40

The main barrier to access to technologies to enhance environmental protection is the inexistence of
such technologies in the international or national markets. Only four firms mentioned property rights
or patents in the available technologies; and only two mentioned lack of information as a factor
hindering access to these technologies.
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