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A B S T R A C T   

The recent work of Mariana Mazzucato on the role of public funding in economic development seeks to rebalance 
debates on innovation to highlight the role of the State, as opposed to the dominant narrative of unregulated 
private initiative. This is particularly relevant for the case of the Chilean salmon industry where, besides the 
diffusion of technology and management practices by a combination of international agencies and private ini-
tiatives, its boom has been supported by considerable national public funding since the 1970s and especially after 
the transition to democracy in 1990. In this regard, the main argument of this paper is that the innovation system 
of the Chilean salmon industry should be understood within a neostructural model of economic development. 
However, although the State has had an essential role in financing and promoting innovation, we found that it 
has not served as a guiding entity (directionality) for how innovation should be undertaken. This is important to 
recognise since it helps to explain why the Chilean salmon industry has been able to direct innovation towards its 
own economic interests without attending to broader social issues related to its operations, despite this public 
expenditure. The main conclusion is that, due to the type of knowledge developed and how innovations are 
valued within the sector’s innovation system, the goal is to increase volume, reduce costs, and marginally 
mitigate negative socio-ecological externalities.   

1. Introduction 

1.1. Rethinking innovation in the Chilean aquaculture sector 

The Chilean salmon industry has received considerable attention 
regarding its impacts. Numerous studies have focused on the environ-
mental effects of the sector [4,22,23,82], the challenges for sustainable 
development [11], Global Production Networks [55] and the broader 
political ecology and local development effects, including social con-
flicts [12]. This work has exposed the sector’s negative impacts to 
counterbalance a more positive economic growth narrative. While these 
impacts have gained considerable attention, innovations that address 
these problems in the Chilean salmon industry have only been partially 
explored. Only a small number of researchers have analysed the evo-
lution of this national sector and the innovation that has emerged from it 
[53,76], the role of collective capacities in this process [51], and 
managerial innovation differences between Chile and Norway [88]. An 
essential element within this literature is that, although the State has 

been recognised as a critical actor in terms of funding, its role in guiding 
the directionality of innovation has been weak. 

Focusing on the State’s role is a particularly relevant issue for Chile, 
given that a neoliberal development agenda has been promoted since 
the mid-1970s, permeating all areas of the economy and creating a 
specific environment for innovation where private actors are responsible 
for innovation activities, at least in theoretical and political terms [13, 
34,77]; Chile was for a long time recognised as an international model 
for the Washington Consensus of free-market economics [63]. We argue 
that it is important to scrutinise this statement because of its implica-
tions for how innovations have been directed within the Chilean salmon 
sector. There is a need to explore the invisible structures that constitute 
the innovation system, and the interests and logic contained within 
them. In other words, the rationale behind the innovation system and 
the elements forming this multiscalar system Accordingly, by focusing 
on the innovation system of the Chilean salmon industry, this paper 
seeks to reveal the role of the State in funding the salmon innovation 
system, and the role of the State in defining the directionality of 
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(Á. Román).  

Contents lists available at ScienceDirect 

Marine Policy 

journal homepage: www.elsevier.com/locate/marpol 

https://doi.org/10.1016/j.marpol.2023.105518 
Received 26 October 2022; Received in revised form 14 December 2022; Accepted 27 January 2023   

mailto:jbarton@uc.cl
mailto:snbaeza@uc.cl
mailto:joaquin.zenteno.hopp@hvl.no
mailto:alvaro.roman@ulagos.cl
www.sciencedirect.com/science/journal/0308597X
https://www.elsevier.com/locate/marpol
https://doi.org/10.1016/j.marpol.2023.105518
https://doi.org/10.1016/j.marpol.2023.105518
https://doi.org/10.1016/j.marpol.2023.105518


Marine Policy 150 (2023) 105518

2

innovation. It explores the following question: What has been the State’s 
role in funding and directing the innovation system of the Chilean 
salmon industry? 

The article first elaborates on the conceptual and historical back-
ground that frames the discussion on the role of the State in the Chilean 
salmon industry and the innovation system that derives from it. We then 
explore the idea of the directionality of innovation, which is particularly 
relevant for analysing the path followed by technological change. This 
path is key to discussions on sustainable development and responsibility 
within innovation systems. This is followed by the concept of neo-
structuralism to describe the rationale behind private-public initiatives 
in this sectoral history. An understanding of the neostructural devel-
opment path, as opposed to neoliberal market dogmatism, provides a 
more critical standpoint on the role of the State in driving economic 
development. We utilised public data on innovation expenditure in-
tensity and the main areas of innovation during the 1990–2016 period, 
also the actor networks derived from R&D projects financed through 
public and private initiatives. Interviews with these actors unveil the 
directionality of innovation. 

2. What is the role of the State? Directionality and 
neostructuralism 

The question on the role of the State in funding and directing inno-
vation in the salmon industry is a contingent one. To answer this 
question, we first must discuss what we understand by directionality in 
innovation and why it is crucial when unveiling the Chilean model. 
Here, the concept of directionality helps us construct the article’s main 
argument as we move towards understanding the Chilean State inno-
vation policy in salmon aquaculture as one made created within 
neoliberal boundaries but based on neoestructural intervention in 
practice. 

2.1. The directionality of innovation 

The concept of innovation systems implies the formation of actors 
(individuals, firms, collectives, or other organisations), networks (in-
terdependencies), and institutions (social rules, norms, standards, good 
practices, etc.), as well as the role of material artifacts and different 
types of knowledge (scientific and technology-based innovation - STI, or 
learning-by-doing, by-using and by-interacting - DUI) [58,70]. An 
essential element that is usually overlooked but has gained force in 
recent years is how innovations are valued in other ways besides the 
purely economic, thus including the ethical positions of actors that lie 
behind networks and institutions [33,48]. The basic characteristic of 
innovation systems is that all elements within them must be understood 
as constantly interacting [69], generating innovation in such a way they 
would not have been possible if they were to do so independently. 

The study of the directionality of innovation systems is also recent 
[85]. Among the first were studies on [87] the concept of ‘directionality 
failures’ alongside other types of failures associated with innovation (e. 
g. demand articulation failures, policy coordination failures, and 
reflexivity failures). Directionality failures underline the problem that 
some innovations are promoted as ‘good’, usually related to more sus-
tainable alternatives, but only result in substituting one problem for 
another. In this sense, the discussion around directionality is helpful 
because it allows us to analyse more critically if the innovation system of 
a given technology is heading in a direction desired by most actors. 
Furthermore, it also enables a focus on ethical and social issues that are 
usually addressed in narratives but are often short on concrete practices 
[66]. 

Directionality failure does not need to be necessarily the develop-
ment of ‘failed innovations’. Instead, it can refer to successful in-
novations that have enabled a particular industry to develop and 
expand. It means that the innovations may have created a path that 
limits itself to a specific type of innovation or only benefits a particular 

type of production model [47]. This is relevant in terms of contemporary 
grand societal challenges, where health, demographic change, well-
being, and sustainability issues need to be addressed [61]. Specific in-
novations may help industries become more productive and respond 
better to market demands, and even address some critical aspects of 
local development (such as job creation and generations of royalties), 
but they might also restrain the industry from coping with sustainability, 
such as ecological degradation in the case of salmon farming [44]. 
Therefore, [66], what is needed is a reflection on why an innovation 
system has been directed in a certain way, and by whom, and what is 
required to shift it towards what has become known as responsible 
innovation [13]. 

Influencing the directionality of innovation systems requires an un-
derstanding of the variety of directionalities that may exist, either be-
tween different innovation systems or even within one innovation 
system [89]. This is because actors and innovations struggle, compete 
and create several similar ideas about how innovation should be un-
dertaken [48]. This is important to contemplate, not only because of the 
potential conflict of interests that may emerge, but because having 
different directionalities within one innovation system may imply that 
different world views must be considered [86], where some prevail over 
others. Consequently, because of internal power struggles and contex-
tual settings, the directionality of an innovation system is dependent on 
how internal relations are formed. Understanding such a system logic, or 
rationale, allows us to understand why an innovation system is directed 
towards one development pathway and not another. 

2.2. Neoestructuralism and the role of the State 

The concept of neostructuralism is key to understanding the ratio-
nale that exists in innovation systems in Chile. It is the first step in 
describing the system’s operation and the State’s role. There have been 
two dominant narratives for understanding the State and its role in 
innovation in the Chilean case. The first is the narrative of a State that 
has been ’hollowed out’ by neoliberalism, contributing little or nothing 
significant to economic development ideas, investment, or promotion of 
industrial activities. This narrative is present in the economic and sec-
toral reforms made during the 1980s [42]. The second involves 
accrediting major productive advances as the result of the efforts of 
private actors, as if the initiatives were a product of unfettered mar-
ketplaces. It is this second narrative that lies at the core of this article 
since the capture of the dominant narrative of economic development 
and innovation by neoliberal advocates was particularly evident in Chile 
from the 1970s under dictatorship but also persisted under democracy 
from 1990 to the present [78,80]. The envisioned role of the State as a 
facilitator for economic activity is pivotal in the Chilean economic 
model, and has characterised its development path from the 1980s on-
wards [43]. The development model imposed from the mid-70s posi-
tions the market as the key agent of development with the State in a 
secondary role in providing the conditions for market and sectoral 
growth [64]. 

The term neostructuralism, as opposed to neoliberalism, is the most 
appropriate term to describe the phenomenon that counterpoises the 
two ideas noted above. It highlights public-private partnerships and 
differentiated responsibilities rather than a blanket conviction of market 
solutions in all economic, social, and environmental policy realms. 
During the 1940s, the UN Economic Commission for Latin America and 
the Caribbean (UN ECLAC/CEPAL) coined structuralism to define the 
need for State intervention to promote industrial capacity in the region 
and revert the worsening terms of trade. This was successful in Mexico 
and Brazil but weak elsewhere [49]. Nevertheless, with the deficiencies 
of market liberalisation evident in the 1990s, particularly in terms of 
social protection and environmental regulation, UN ECLAC promoted 
the concept of neostructruralism to define the perpetuation of heterodox 
economic development aligned with State support in social provision 
and environmental protection [64,65]. Bielschowsky [17] summarises it 
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as follows: “heterodox in macroeconomics, development-oriented in 
terms of resource allocation and State intervention, universalist in the 
social field and conservationist on the environment”. (p. 172). 

More recently, some basic ideas of neostructuralism have emerged in 
work on the State’s role in innovation. Mazzucato [73–75] reassesses the 
role of State agency and the development of breakthrough innovations 
in different fields, arguing that the State is crucial in developing in-
novations beyond its social construction as a mere regulator. Moreover, 
she provides a framework for rethinking the role of public institutions in 
the context of global capitalism, which we refer to as neostructuralism. 
Using the term the ‘risk-taking State,’ [73] she highlights that the State 
has been criticised for ‘picking losers’, as many State-supported in-
novations fail. However, through the examples of nanotechnology, 
digital devices and green technologies, she establishes that this is due to 
investment in far-reaching, high-risk projects that may not bear fruit in 
the short-term but lead to longer-term discoveries and spin-offs: “Not 
only has the government funded the riskiest research whether applied or 
basic, but it has indeed often been the source of the most radical, 
path-breaking types of innovation.” ([73], p. 68). 

The State’s role in supporting industrial innovation in developed 
economies goes beyond fixing market failures [81]. The State has been 
shown to be central in creating the visions and plans that empower 
innovation and create the context in which such innovations are per-
formed. This is evidence of directionality, including directionality fail-
ures. It is a process in which the State defines winners by targeting new 
growth areas for development [73]. A classic example of this is the 
internet, as it resulted from a small Defence Department network project 
(ARPANET) financed by the United States government [26], which then 
went out into the market alongside the State. In terms of training and 
research numbers, the State still has a vital role in knowledge creation, 
as public universities still predominate worldwide. In Denmark, the 
State’s investment in basic research is up to 80 % of the budget for 
higher education, while in the US, Russia, and Korea, it is around 20 % 
([Dataset] [38]). Investment in basic research is highly important in 
providing a platform for innovation and enhancing national competi-
tiveness, including Chile. 

Even though the State’s relevance in funding innovation and tech-
nology is apparent, an important discussion emerges to unveil its true 
role. While most debates have centred their attention on ’more or less 
State’ (a relevant political discussion in Chile), it is important to focus on 
whether State support for innovation activities is sufficient to direct it 
towards more sustainable development. Furthermore, we must ask if the 
State’s role is primary or secondary. Authors have described the Chilean 
neoliberal model by the principle of subsidiarity. Indeed, this principle is 
in the Constitution and has permeated much of Chile’s political, social 
and economic life. In innovation, this principle remains central, por-
traying the State as a mere observer and facilitator of technological 
development [7,8,68]. 

The idea of the Chilean State as a facilitator is imprinted deep within 
the Chilean neoliberal model. Barandiarán [7,8] provides evidence that 
the creation of markets has been central to the innovation policy in the 
country, with limited results. She refers to it as the “umpire” State in 
order to describe its role as a market creator and as a “game master” that 
creates the rules of the game. This implies that science and innovation 
are relegated to the action of private agendas. However, despite the 
State’s inaction in directing innovation, it is important to note that the 
State’s financial support to private initiatives for innovation has been 
highly significant. Madariaga [67] noted that the Chilean neoliberal 
model had supported some economic sectors over others, with an 
emphasis on the comparative advantages identified by neoliberal 
economists. The Chilean salmon industry’s history of technological 
development and sectorial evolution falls within this category, as the 
State has been the leading actor since its inception in the 1960s [52,53]. 

It was not only under the dictatorship in Chile (1973–90) that the 
State was active in economic development and innovation. The case of 
Chilean economic development from the 1950s onwards provides a 

paradoxical case to work through the issues of public sector versus 
private sector research and development. The reliance on nitrate ex-
ports, then copper exports following the German development of syn-
thetic nitrates during the First World War, reveals the persistence of a 
highly concentrated export profile during the twentieth century. Given 
the restrictions generated by the Dutch disease and the resource curse 
[84], economic diversification was led by the State. The returns from 
mining led to a relatively risk-averse economic elite. Hence the need for 
State—driven diversification. For example, in the 1950s, the develop-
ment of the forestry sector was led by the State, which encouraged 
private participation with subsidies and other support mechanisms for 
installing industrial processing capacity. This was followed in the 1960s 
with the agrarian reform led by the Christian Democratic government of 
Eduardo Frei Montalva and financed by Kennedy’s Alliance for Progress, 
which was pave the way for promoting fruit production and horticulture 
[72]. 

The case of salmon aquaculture, which became a key export sector 
following a new emphasis on non-traditional exports after the economic 
crisis of the early 1980s, reveals that the idea of the State having a 
secondary role is somewhat misleading, at least regarding industrial 
innovation. During its early stage of growth, companies in the Chilean 
salmon industry needed technological upgrading to compete with other 
producers, particularly Norwegian firms, and it was the State which 
served as a driving force for this innovation [53]. The genesis of Chilean 
salmon aquaculture resulted from a small collaboration between 
Fundación Chile (a public-private partnership) and JICA (the Japanese 
State development assistance agency) in the 1970s. The financial input 
for this project was not privately led but based on public experimenta-
tion, with the first production site established in Coyhaique in 1976. 
Once the experiment had established the viability of production and 
created a company, private investment flowed in [25]. However, the 
Washington Consensus model emphasised the importance of private 
initiative and innovation, hence the fact that industrial development 
supported by public research has historically been critical for national 
economic competitiveness yet deliberately minimised in the Chilean 
context via narratives based on the efficacy of private entrepreneuralism 
[3]. 

The evidence of State involvement in economic production across all 
sectors through financing instruments is considerable, such as with 
CORFO (the National Productive Development Corporation), or with 
subsidies for forestry plantations in the 1974 forestry law, water rights 
allocations in the 1981 Water Code, and public ownership of CODELCO. 
Further evidence of this support can be seen in the 1958 law (Ley Res-
ervada del Cobre 13.196), which was passed under the semi- 
authoritarian government of Carlos Ibañez del Campo, by which 10 % 
of copper mining profits were channelled to the military budget. Even 
during the public bail-out of the financial system following the 1982–83 
international economic crisis, the role of State financial support was not 
fully recognised [10]. Instead, the idea or narrative of Chile as a ‘free 
market miracle’ remained and was perpetuated. The Chilean pensions 
model and the privatisation of water rights in Chile might well stand out 
as examples of market-based instruments that have been widely pro-
moted and discussed in the literature [19,28]. Baer [6], however, states 
that the privatisation of the water system in Chile can be seen as rela-
tively successful but that this is due to the silent yet strong support of the 
State. The social uprising of October 2019, which led to major protests, a 
plebiscite on a new Constitution, and the creation of a 
democratically-elected Constitutional Assembly (in May 2021), was 
based on highly critical opposition to these market-based reforms in 
resource management and social provisions. 

Since the 2000s, the emphasis on private initiative and market effi-
cacy has been maintained in both centre-left and centre-right political 
blocs. As a result, market-based instruments have been favoured in so-
cial, environmental, and economic policymaking. This is a consequence 
of the influence of neoliberal promotion by different groups: commercial 
associations, such as the Chamber of Production and Commerce (CPC) 
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and the Society for the Promotion of Manufacturing (SOFOFA); media, 
through the two main groups of COPESA and El Mercurio; and strong 
links between political parties and business interests (see [41]). This 
narrative went as far as creating the ’miracle’ of the Chilean ‘tiger’ 
economy, generating comparisons similarities with the South Asian ‘ti-
gers’ in the 1990s [57]; this narrative was basedon an upbeat view of 
Chilean development compared with its regional neighbours. More 
recently, membership of the OECD and its status as a World Bank 
high-income country is also used as ‘evidence’ of private initiative. 
However, this narrative is blind to the massive State presence and sup-
port since the 1970s, which demands a revision of the political economy 
model at its core. This State support, and the directionality behind it, is 
explored in the following section. 

3. Exploring public funding of Chilean aquaculture innovation 

Two publicly available databases were used to characterise the in-
vestment in innovation, the types of innovation, and which organisa-
tions are part of the innovation system. We complemented this 
information with semi-structured interviews with actors related to the 
salmon industry in Chile. These interviews included managers of Chil-
ean and Norwegian firms, and academics who work on the sector; twelve 
interviews were conducted online during 2021 (due to COVID-19- 
related restrictions). The interviewees were selected based on an 
initial list of companies participating in Chile and performing research 
and development activities. We used the snowball effect to contact new 
interviewees as the interviews progressed. 

The original goal of the interviews was to unveil connections be-
tween the Chilean and the Norwegian innovation systems and to analyse 
their differences and similarities concerning responsible research and 
innovation within the industry. Unfortunately, due to major restrictions 
between 2020 and 2021, many actors were impossible to contact, as 
many research activities were constrained during the pandemic period. 
Similarly, it is more challenging to perform interviews remotely, as 
videoconferences do not permit one to grasp specific details otherwise 
detected during in-person interviews (e.g. gaining access to new 
interviewees). 

Once the interviews were finalised, the analysis included the orga-
nisation of the information and searching for codes that enabled the 
classification and analysis of themes. Here, we followed particular 
themes from the interviews (such as the role of the State, discussed in 
this article), and we also delved into other topics suggested by the 
literature. 

The first database is a survey of companies that reported innovation 
activities for two periods between 2011 and 2016. The survey only 
considers companies that registered annual sales of over 100.000 USD 
and were active until 2016. According to the Ministry of Economy, 
Development, and Tourism, the survey has economic sector statistical 
representation, extracting a sample from the total number of firms in a 
particular sector. The database contains 3.772 companies, with margin 
errors between 4 % and 7 % at the sectoral level, and is the only in-
strument that measures Chilean investment and outcomes in innovation; 
it is also the primary source of data provided to the OECD. However, the 
survey only identifies companies that had developed innovations in the 
past, repeating the survey on those companies in the following period. 

For this reason, the survey reveals a bias, overestimating innovation 
output (since companies that stopped R&D activities were still consid-
ered in the survey). Also, many micro-enterprises are not considered in 
the survey, as new companies are added to the survey in each iteration. 
This is particularly problematic as many new start-up companies have 
led Chilean innovation in recent years [46]. 

The second database gathers information from innovation projects 
financed through State-managed agencies, mostly CORFO, theMinistry 
of Economy, Development, and Tourism, and the Ministry of Science, 
Technology, and Innovation (ex-CONICYT), alongside the regional of-
fices of various public services. In addition, some non-governmental 

organisations, such as the COPEC Foundation (Chilean Petroleum Cor-
poration), are included. The database contains expenditures on each 
project and participants, facilitating the creation of innovation maps 
using social network analysis software. Consequently, we were able to 
create an actor-network map that allows us to see how actors connect in 
the innovation system. Using this data, we can also identify which 
technological domains are developed to determine the predominance of 
specific technologies. Here, we use the ‘betweenness centrality indica-
tor’ to highlight the relevance of actors in a simple manner. This indi-
cator is frequently used to reveal the nodes that ‘control’ the flow of 
information across the whole network [45]. 

We used these databases to provide an empirical response to our 
initial question, and to complement the conceptual and historical dis-
cussion presented in the previous sections. First, the database that 
contains firm data allows us to discern how relevant R&D activities are 
in the salmon industry compared with other sectors, revealing the 
importance of innovation across different sectors and in the Chilean 
economy. The second database enabled us to identify which actors are 
relevant and understand the roles of public and non-firm research or-
ganisations in the sectoral innovation system. Here, the database already 
contained some indications regarding the field (e.g. process, marketing, 
and biotechnology). However, by reading the descriptions of each 
project, it is possible to discern the purpose of such innovations. For 
instance, innovations oriented toward vaccine development and ge-
netics, which make up most of the type of innovations, were catalogued 
as ‘biotechnology’. These are different from ‘animal health’, which 
comprises non-biotechnological solutions to animal health manage-
ment, including research on animal diseases. Finally, defining the type 
of technology enabled us to determine the types of knowledge and 
valuations present in the system (see [18]). 

4. The Chilean salmon innovation system 

4.1. Evidence of low levels of investment in innovation and the role of the 
State 

Chilean R&D expenditure has remained low in recent decades, 
whether by firms or the State [2,15,35]. The following graph (Fig. 1) 
illustrates this low investment in comparative terms. In 2017, Chilean 
expenditure on R&D was 0.39 % of GDP, similar to other countries in the 
region but very low in the context of the OECD. Despite recent reforms to 
the State innovation system (e.g., the creation of the Ministry of Science, 
Technology, Knowledge and Innovation, which will be explained later), 
this has not been translated into a significant increase in the budget for 
R&D or innovation. In 2006, the National Council for Innovation and 
Competitivity stated that only 0.7 % of GDP is invested in R&D activ-
ities, and less than a third comes from the private sector [29]. 

These low investments in innovation at a national level can also be 
seen in aquaculture. Fig. 2 reveals that the fisheries and aquaculture 
sector is low when compared to other national sectors. On average, 
companies invest USD 35 per USD 1.000 in sales, far lower than other 
key sectors. Historically, the major export industries (fisheries, forestry, 
and mining) have been portrayed as ‘success stories’ of Chilean eco-
nomic development. [77]. However, despite this apparent success, they 
have maintained low levels of R&D due to the focus on commodity ex-
ports and a lack of processing within their value chains. Most of the 
innovation policy in Chile has focused on reinforcing comparative ad-
vantages for the global economy, rather than diversification [29]. While 
there is interest in the potential of private companies to develop sig-
nificant innovations, particularly from intermediaries in the value chain 
[62], private investment R&D activities are meagre. 

Chile’s National Innovation System (NIS) has focused on sectors with 
competitive advantages, such as mining, forestry, and fisheries [16,83]. 
Among these industries, salmon farming is presented as a sector with 
particular economic potential, receiving considerable support from 
diverse public organisations [50]. Here, the National Development 
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Fig. 1. Gross domestic spending on R&D as a percentage of GDP, OECD and selected countries, 2018. [39]).  

Fig. 2. Expenditure on innovation among key Chilean economic sectors. Authors’ calculations based on national innovation surveys, 2011–2016 ([Dataset] Ministry 
of Economy, Development and Tourism [37]). 
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Corporation (CORFO), established in 1939 to trigger economic devel-
opment and promote industrialisation via public investment and other 
support mechanisms, and the National Commission for Scientific 
Research and Technology CONICYT, which is now the Ministry of Sci-
ence, Technology, Knowledge, and Innovation (MTSI), are the main 
actors. Both CORFO and MTSI are crucial in coordinating and providing 
funding for research and development activities across different pro-
ductive sectors [1,13,35]. 

Despite the shifts in political economy, from the agricultural devel-
opment programmes of Frei Montalva to Allende’s Road to Socialism, 
Pinochet’s neoliberalism, and the ’growth with equity’ models of the 
democratic administrations from the 1990s, CORFO has persisted in its 
role, providing considerable inputs into economic development, 
particularly in R&D. It is fair to say that it has been the most stable 
institution in Chilean innovation over many decades, yet its role has 
been underplayed in dominant economic narratives. 

CORFO is closely associated with the development state of the mid- 
twentieth century. Although the Import-Substitution Industrialisation 
(ISI) model started to fail in the 1950s, there were other interesting 
development initiatives, in particular the agrarian reform of the 1960s 
with support from the Alliance for Progress (with its associated anti- 
Communist objective - similar to the sub-title of W.W. Rostoẃs 
modernisation theory book title). The Allende Road to Socialism marked 
a reinforcement of this State-led model, and this was avowedly 
dismantled by the Chicago Boy model from the mid-1970s, alongside 
strict authoritarianism. However, the paradox is that CORFO remained 
alive and well throughout dictatorship, as did CODELCO and other 
State-owned enterprises. This hybrid or heterodox model in practice 
belied the narrative of neoliberalism and free markets. Under dictator-
ship, those social scientists and economists who might have commented 
on this paradox were effectively silenced, leading to a dominant, hege-
monic view of the Chilean socio-economic model in this period that was 
perpetuated by the democratic administrations of the 1990s, who were 
still restricted in many ways by the persistence of Pinochet as Head of 
the Armed Forces (to 1998). 

Apart from CORFO, the role of the MSTI (mainly through its former 
guise, as CONICYT) has also been vital in financing business-oriented 
research and innovation. This can be seen in Fig. 3, which illustrates 
the network of actors in the salmon industry’s innovation system. The 
network illustrates the knowledge and resource flows between univer-
sities (public and private), public agencies and private companies. For 
example, the role of the Salmon Technology Institute (INTESAL) can be 
identified, which brings together 70 % of all national companies and is 
the most crucial techno-scientific organisation among salmon sector 
firms. Previous research on the Chilean innovation system (see [16]), 
with only a few exceptions (e.g. [71]), focuses on describing the rele-
vance of public agencies in financing innovation across different sectors 
(which can also be seen in this network), underplaying the role of uni-
versities in coordinating financial sources from different institutions in 
the pursuit of R&D objectives. Universities and other research in-
stitutions have been essential articulators in the NIS [83]. For example, 
Fundación Ciencia & Vida (Science and Life Foundation), a private 
institution, has played a pivotal role in developing vaccines and animal 
health-related innovations in the salmon industry. The pivotal nodes of 
the Ministry of Economy (CORFO - with strong firm participation), the 
Ministry of Science (stronger university coordination), and the Ministry 
of Agriculture (links to other sectors) stand out, articulating particular 
clusters of organisations. 

CORFO also acts as a bridge between different clusters within this 
network, connecting private companies and organisations that receive 
financial support through other sources, such as the MSTI and the 
Ministry of Agriculture. The resources that flow through CORFO’s 
network are considerable and reveal the relevance of this agency in 
promoting innovation and technology in the sector during this period. 
Overall, the State spent approximately USD 75 million on different 
innovation projects related to salmon aquaculture during the period 

under review. In most of these projects, recipients of those funds were 
expected to partially co-finance activities. For instance, many CORFO 
programmes (e.g., INNOVA Chile) require that recipients finance 50 % 
of the project’s total cost, which accounted for approximately USD 66 
million in 1991–2016 in relation to salmon innovation projects. It is also 
important to note that one of the aims of CORFO’s programmes is to 
reduce the risks in developing tangible products and knowledge that are 
new to the market. Reducing risk is one of the State’s most relevant roles 
in supporting innovation activities in Chile and elsewhere and could be 
considered a dimension of directionality. Considering that most in-
novations fail, the State has played a crucial role in supporting busi-
nesses in their risk-taking activities and assuming the costs associated 
with these higher risks [73]. In Chile, these programmes cover a sig-
nificant percentage of the costs associated with developing innovation. 
CORFO data reveals that, for every Chilean peso that the State invests 
through these initiatives, private companies invest only 0.43 pesos. This 
reveals where the weight of risk-taking in innovation lies.1 

The creation of the MSTI in 2018 sought to resolve the deficiencies in 
national innovation, by bringing science and innovation closer together, 
and by merging State capacities that had been diluted via ANID (ex- 
CONICYT) and CORFO financing instruments that supported R&D but 
which were disconnected. These weaknesses had been identified 
sometime earlier and were apparent when the Mining Royalty was 
approved in 2005. This royalty on sales was directed at economic 
diversification through an Innovation Fund for Competitiveness and a 
National Council, established to finance R&D, reduce dependency on the 
mining sector, and anticipate the Hotelling effect. A Commission of 
Science for the Development of Chile, created by President Bachelet, 
provided a diagnosis of the situation of R&D in the country and the need 
for more articulation of public policy and increased private commit-
ment. In 2014, the National Council changed its name to the National 
Council of Innovation for Development. This Council published a strat-
egy document titled A New Pact for Inclusive and Sustainable Development 
in 2017 [31,32], which in turn created the momentum for the creation of 
MSTI. However, an internal report in 2018 made the relevant observa-
tion that although R&D investment had risen as a percentage of GDP, 
from 0.22 % in 2005 to 0.39 % in 2017, the total amount of spending on 
science, technology, knowledge, and innovation was only half that of 
one US university, Johns Hopkins in Baltimore [13]. 

The sector has been particularly focused on biotechnology in-
novations (see Fig. 4). Most of these innovations are for vaccine devel-
opment. Among the 49 patents awarded during the period, 36 are for 
vaccine components and other pharmaceutical products to prevent fish 
health problems. Biotech. patents made up 11 % of the total registered 
patents between 2010 and 2019, focused mainly on animal health [27]; 
this can be seen in the type and number of projects promoted by 
INTESAL (see also [14]). It can be argued that the reason innovation in 
Chilean aquaculture has been directed towards biotech. vaccines is due 
to the urgent needs presented by Infectious Salmon Anaemia virus 
(ISAv) outbreaks in 2007 and 2009 [90]. Prior to these outbreaks, and 
given research development in other sectors concerning phytosanitary 
issues and exports [5], Chile launched a national strategy for biotech-
nology development in 2003, and there was clear evidence for State 
support for these initiatives (see Fig. 4). Although not specific to the 
aquaculture sector, this focus on phytosanitary biotechnological devel-
opment could be seen as evidence of directionality, although it was 
principally reactive (to disease and health risks) rather than proactive in 
nature. 

4.2. Directionality failures in the Chilean salmon innovation system? 

Chilean innovation policy efforts have focused on reinforcing 
market-oriented policies while identifying innovation as a means to 

1 Data presented by CORFO in their website www.datainnovacion.cl. 
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strengthen the comparative advantages of the Chilean commodity- 
oriented economy [29,32]. This emphasis on productivity belies the 
significant challenges the sector has faced over recent decades [9,22, 
55]. Most innovations have failed to address the main socio-ecological 
problems since their focus is not directed towards tackling the effects 
of climate change, working conditions, or local community impacts, but 
on maximising profits by reducing mortality rates and increasing pro-
ductivity [15,20,24,40]. There is no clear directionality in terms of 
lowering environmental impacts or improving animal welfare beyond 
regulatory obligations. This is interesting since biotechnology is often 
presented as having this purpose within other sectors, e.g. for biore-
mediation in mining or for reducing chemical use in agriculture in Chile 
[27]. 

Much of this can be seen in how the economic resources of CORFO 
have been allocated. An interviewee commented on this issue, stating 
that: 

"… the environmental office of the State has been progressing on 
these issues [water consumption and efficiency], but slowly. But, they 

could have been leading the changes, establishing biophysical and 
biochemical water parameters, for example. Now that has been 
resolved, but not previously […] I believe that the environmental part 
should be more dynamic. They should be leading, instead of following 
behind." (C-01). 

Environmental issues have not been prioritised by State agencies in 
this field. The Ministry of Environment was only created in 2010, while 
its predecessor – CONAMA – was a weaker political and technical entity, 
with little influence over investments in innovation. The fact that 
CORFO sits within the institutional framework of the Ministry of 
Economy rather than the National Agency for Research and Develop-
ment (ANID) points directly to the role of the State in promoting and 
financing R&D in support of business objectives around productivity. 
However, most innovation remains guided by ’learning-by-doing’ (DUI), 
rather a coordinated strategy at the firm level or across particular sectors 
[1,2]. 

In another example, an interviewee noted that even when 
environmentally-friendly technological solutions were developed and 

Fig. 3. Innovation network of public-funded projects in the Chilean salmon industry 1990–2016. Authors’ based on FIA ([Dataset] Ministry of Agriculture [36]). 
Node’s size reveals higher ‘betweenness centrality’. 

Fig. 4. Expenditure on public funded projects by type of project and actor in the salmon industry, 1990–2016 (2020 USD million). Authors’ based on the FIA 
Database ([Dataset] Ministry of Agriculture [36]). 
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were ready to be implemented, the State was not proactive enough to 
enable companies to implement new initiatives legally. 

"The first time I went to a seminar to know what we can do with the 
sludge, after production. If you don’t treat the sludge it has 0.5 % of dry 
content. It is brown water. We tried to treat that water to transform it 
into pellets, but in Chile, we can’t do anything with the sludge. We still 
don’t have authorization or a legal way to use that material that is rich in 
phosphorus and nitrogen". (C-06). 

Preparing the normative scenario for implementing new innovations 
goes beyond resource allocation. While resources have always been 
available for innovation, with important contributions from the State, 
the utility of these innovations and resource allocation can be ques-
tioned. This is one of the major problems that can identified, since 
innovation-related issues have focused on financing activities rather 
than directing innovation towards more sustainable paths. It should be 
remembered that it was only recently that a formal national innovation 
policy was introduced. Another interviewee noted this problem: 

"CORFO was good at assigning money [the interviewee notes how 
Fundación Chile received CORFO’s resources from the 1990s] but was 
terrible in directing the money and controlling the quality of the inno-
vation that was performed." (C-04). 

The quote unpacks a critical issue. It is particularly evident that 
alongside the low-budget and resources allocated to innovation and 
technology, the Chilean State has also poorly managed the development 
of this innovation and the problems expected to be solved by these 
technologies. Here, the State acted as a market facilitator to improve 
competitive advantages (reducing production costs), but without taking 
major risks in directing a mission-oriented type of innovations [75]. 
Bustos-Gallardo (2015) describes this as ’business as usual’ in terms of 
environmental governance, and in our analysis this appears to apply to 
innovation also. However, envisioning the State as a high-risk taker to 
tackle major societal and environmental problems, as Mazzucato pro-
poses, implies (in the Chilean case) transforming its inherent role as a 
mere market facilitator beyond the neoliberal model. This is a trans-
formation that has yet to be seen, and which involves a discussion about 
the political and economic model that failed to be nationally recognised 
in the proposed new Constitution of 2022, but it is still under discussion 
in the upcoming constitutional process [8]. 

It is also important to recognise that, in recent years, the long-term 
Chilean policy on innovation has proposed substantial changes, 
focusing on sustainable and inclusive development as a key concept to 
guide the innovation agenda towards 2030 [30]. This implies recogni-
tion of Chile’s science, technology and innovation as tools for tackling 
‘grand societal challenges’, orienting funding towards these issues, 
however, without clear funding instruments for this purpose, beyond the 
older FONDAP programme (Priority Areas Fund) [32]. This policy is 
important to support mission-oriented, strategic objectives, which rep-
resents clear directionality [75]. This objectives of social justice and 
sustainability, as persisting, prevalent missions in which the State must 
have a crucial role and where the State is highly relevant in ongoing 
debates about types of innovation, should be encouraged. This follows 
the example of the European Union where guideline initiatives such as 
Responsible Research and Innovation (RRI) and a mission-oriented 
approach policy have been developing in this direction over the last 
decade , as businesses are encouraged to link their activities to these 
challenges [33]. 

5. The importance of directionality in State-supported 
innovation 

The Chilean model of R&D since the 1970s and the onset of dicta-
torship is best described as one defined by neostructuralism. By 
revealing who the key actors are, the type of networks that are formed, 
and the institutions involved in aquaculture research and innovation, 
the dominant narrative of Chilean aquaculture development must also 
be shifted slightly. Risk-taking in the Chilean salmon innovation system 

has been exercised as a State prerogative, while failure has also required 
intensive public intervention [54]. The focus on biotechnology for 
phytosanitary management is evidence of a more reactive rather than 
proactive strategy, lacking clear directionality. CORFO was a vital 
funding source for reducing mortality rates and ensuring product quality 
for export markets. However, these technological solutions, focused on 
productivity and high production volumes have not been balanced with 
R&D in relation to urgent socio-ecological concerns and local develop-
ment impacts. 

This technological focus is a consequence of not correctly recognis-
ing the State’s role in supporting these innovations and its broader ob-
ligations to the ’common good’ and development issues. By funding 
innovation without a clear strategy or directionality, these resources 
focused on business needs and their accumulation strategies rather than 
the sector’s externalities. There was also relatively little acknowledge-
ment of the role of the State in innovation more generally (perhaps 
because it was seen merely as a funder and not a strategic actor). There is 
a dominant narrative in Chile that has persisted since the dictatorship of 
the role of the private sector in dynamising the economy and promoting 
growth: the logic of neoliberalism. However, there is evidence of 
considerable State involvement in innovation and private-public part-
nerships in the NIS, in networks of Ministries, universities and research 
centres, and firms. This is important to highlight, especially in the 
context in which the innovation system is financed with the support of 
public funds. In this sense, it is more similar to other countries in the 
OECD, although with considerably less public and private funding [21, 
56]. Rather than underplaying the role of the State, the focus of direc-
tionality should be on encouraging public-private partnerships for 
Responsible Research and Innovation (RRI) in pursuit of regional and 
sectoral social and environmental sustainability, transcending or at least 
complementing the current productivity maximisation orientation. 

The determination of the directionality of innovation does not need 
to come solely from institutions within the State apparatus, but may also 
emerge from other actors with solid connections within the network. 
Based on our network maps, public and private research institutions are 
important potential articulators in this process of the definition of 
directionality. Their direct involvement with the development of 
research and technologies, and the fact that their interests are broader 
than those of firms and may be longer-term, suggests that the nature of 
neostructuralism and the configuration of the NIS should also consider 
these actors more explicitly. Consequently, policy recommendations 
should focus on the role of research centres and the strengthening of 
their ability to engage with strategy and directionality issues, beyond 
their immediate technological skills and desire to access new funding 
opportunities. 

In terms of Chilean political economy, the focus on neostructuralism 
shifts the gaze from neoliberalism, which has been the dominant leit-
motif for several decades. The problem with the neoliberal fixation, 
however, is that it stresses firms and markets to the point of leaving to 
one side, or minimising the role of the State, and State companies such as 
CODELCO (National Copper Company), ENAP (the National Petroleum 
Company), ENAMI (National Mining Company), and EFE (National 
Railway Company). The work of Bob Jessop [59,60] on state theory, 
Mariana Mazzucato [73,74] on the role of the state in innovation, and 
Peck and Theodorés [79] concept of ‘variegated capitalism’ all point 
towards ways in which State involvement in capitalist development 
should be reconsidered. In Chile in particular, the narrative of 
market-led, export-oriented development has underplayed the role of 
the State (paraxodically, given the overwhelming role of CODELCO in 
the national economy, public spending and military financing since the 
early 1970s). In the example of research and innovation policy, this key 
role of state agencies is abundantly clear, hence requiring a shift in 
thinking about Chilean political economy more generally, where the 
term neostructuralism provides a more appropriate term for analysing 
the relationship between private and public institutions and organisa-
tions, including their synergies and tensions. 
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Our analysis shows how critical it is to understand the rationale 
behind an innovation system, and to make this explicit. By identifying 
how the NIS is built, who are the key actors, how the networks are 
formed, and which institutions are the most relevant, we can better 
define the system’s framing, which in this case is neostructural. This in 
turn allows us to determine why the system has been directed in a 
particular way and how it could be improved. Accordingly, we argue 
that the State’s active role in financing the innovation system, but the 
passive role in directing it explains why innovations within the system 
and this sector in particular, do not attend to societal or common goods 
goals as much as the goals defined by the private firms themselves. 
Instead, the State should be more proactive in motivating innovations 
that address sustainability through direct requirements or incentives 
when using public funds, following RRI guidelines. This should be seen 
as in the long-term interests of all actors in the NIS, as the aim is to create 
a more socially-robust and environmentally-responsible salmon 
industry. 
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Appendix A: List of interviewees  

Code Type Sex 

C-01 Company Male 
C-02 Company Male 
C-03 Company Male 
C-04 Company Male 
C-05 Company Male 
S-01 Services Female 
C-06 Company Female 
C-07 Company Male 
A-01 Academy Male 
A-02 Academy Female 
C-08 Company Male 
S-02 Services Male  
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