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E X E C U T I V E  S U M M A R Y

• Which technologies should STI policy to encourage transformative niches that 
drive twin transitions to more sustainable socio-technical systems?

• What can be the role of companies and universities, as key actors in socio-
technical systems, in accumulating research, invention and production 
capabilities for the “twin transitions”?

• Where should a city such as Medellin’s STI policy be oriented to consolidate 
the city’s necessary capacities to sustain the twin transitions?

The “twin transitions”, which combine technologies associated with the 
green transition with digital transformation technologies, represent the focus 
of efforts to reduce harmful CO2 emissions and protect biodiversity. The 
convergence of these technologies is capable of “scaling up” efforts to mitigate 
and adapt to climate change. This report presents the results of a study on 
the progress of twin transitions in the Medellín region. It suggests ways in 
which relevant institutions in the region (public policy, business associations, 
investors, higher education institutions and civil society) can contribute to their 
maturation and enhance their transformative power in the city. 

We apply a novel methodology to identify technology clusters with the 
potential to contribute to integrating or forming socio-technical niches of 
twin transitions in Medellín. To do so, we identify clusters in which Medellín 
has accumulated research, invention and production capabilities that create 
conditions conducive to transformative innovation.
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Key findings
• Medellin’s has a significant base of 
invention, research and production 
capacities that can support niches based 
on twin transitions technologies. The 
city should commit to strengthening 
these areas by investing in building 
transformative pathways to more 
sustainable socio-technical systems.

• Medellín’s “invention” capabilities are 
mainly associated with green technologies 
and, to a lesser extent, with digital and 
twin technologies. The “Treatment 
and circularity of construction waste” 
technology cluster stands out, which 
has the potential to produce radical twin 
innovations.

• Universities are primarily responsible 
for generating “inventions” in green and 
digital technologies.

• With regard to “research” capabilities, 
the associated technologies are more 
diverse and more concentrated on 
green technologies, followed by twin 
technologies and digital technologies. 
In research, the “clinical engineering” 
technology cluster stands out, with 
the potential to produce radical twin 
innovations. Colombian universities are 
mainly responsible for research, with a 
good presence of universities in Medellín 
and some foreign universities associated 
with research in digital technologies.

• In Medellín, a significant group of 
companies shows commitment to twin 
transitions. These companies implement 
green and/or digital technologies and 
explicitly commit to sustainability to 
a greater or lesser extent, forming 
a significant business base for the 
development of socio-technical niches in 
the city.
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KEY FINDINGS: INVENTION CAPABILITIES - Technologies and KEY FINDINGS: INVENTION CAPABILITIES - Technologies and 
ActorsActors

TechnologiesTechnologies

ABOVE: Figure 1. Typology of technology clusters in which 
Medellín has invention capabilities in the national context. The 
technologies developed in Medellín are indicated by the name 
of the technology on the node (patent nomenclature).

The technology clusters in which Medellín has “invention” 
(patenting) capabilities are mainly associated with green 
technologies and, to a lesser extent, with digital and twin 
technologies.

KEY FINDINGS: INVENTION CAPABILITIES - Technologies and KEY FINDINGS: INVENTION CAPABILITIES - Technologies and 
ActorsActors

ActorsActors

RIGHT: Figure 2. Organisations in Medellín linked to inventions, 
ordered by the number of patents and differentiated between 
those who produce green (A) and digital (B) technologies and 
whether they are companies (red) or universities (green).
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In contrast to what is observed globally, in Medellín, there is a high presence of Colombian universities as generators of green 
inventions. This presence shows a certain balance between universities located in and outside Medellín (A). The presence of 
Colombian companies is scarce, none of them being from Medellín.

In digital technologies, Medellín’s inventive capacities have a more balanced participation of companies and universities, with a 
notable presence of universities located outside Medellín and foreign companies (B).

MAIN FINDINGS: RESEARCH CAPABILITIES - Technologies and ActorsMAIN FINDINGS: RESEARCH CAPABILITIES - Technologies and Actors

TechnologiesTechnologies

The technology clusters in which Medellín has “research” capabilities (publication of scientific articles) are more technologically 
diverse and more concentrated in green technologies.

ABOVE: Figure 3. Network of disciplinary topics (according to OpenAlex) that collect the green and digital scientific publications of ABOVE: Figure 3. Network of disciplinary topics (according to OpenAlex) that collect the green and digital scientific publications of 
authors from Medellín, which are grouped into technology clusters differentiated by colour and named according to their content.authors from Medellín, which are grouped into technology clusters differentiated by colour and named according to their content.

ActorsActors

The organisations underpinning Medellín’s research capacities in green technologies are predominantly higher education and 
research institutions. In these technologies, Medellín authors appear to collaborate with other Colombian universities.

This pattern is repeated for digital technologies, but in this case, there are some foreign universities with which Medellín-based 
authors collaborate.

NEXT PAGE: Figure 4. Organisations with which Medellín authors collaborate, ordered by the number of scientific publications and 
differentiated between those that publish in green (A) and digital technologies (B), and between those that are national (purple) 
and foreign (orange).
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KEY FINDINGS: PRODUCTION CAPABILITIES - Commitment to KEY FINDINGS: PRODUCTION CAPABILITIES - Commitment to 
twin transitions and technologiestwin transitions and technologies

Commitment to twinned transitions for Medellín companies

Cluster 1 - No commitment (71% of companies): Traditional 
companies from various sectors, particularly in services, that 
show no indication of intending to embrace sustainability or 
digitalisation in their business operations.

Cluster 2 - Medium engagement (19% of companies): 
Companies in the manufacturing, commodity and food 
processing sector and some digital services companies, where 
activities related to green or digital technologies are observed, 
as well as some commitment to sustainability.

Cluster 3 - High commitment (10% of companies): Companies 
that offer internet and digital services, and to a lesser extent, 
products with great potential for sustainability transformation, 
such as flowers and food, are highlighted for their strong 
environmental commitment. Additionally, companies that 
act as intermediaries between digital technologies and 
other organisations are also included. Typical companies 
in this cluster explicitly reference issues of sustainability, 
digitalisation, technological development and the generation 
of networks with participation of business and civil society.

ABOVE: Figure 5. Characterisation of the semantic affinity between 
companies in Medellín and green and digital technologies. It shows a 
principal component analysis (PCA) based on the semantic distance 
between each company and each technology, where each point 
corresponds to a company and the colours correspond to groups 
according to their position on the plane.
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TechnologiesTechnologies

BELOW: Figure 6. Main green (A) and digital (B) technologies associated with Medellín’s business fabric. The technologies are 
organised by rank according to their average association (adjusted importance) with the different companies in Medellín. For each 
technology, the existence of the equivalent technology in the patent network (Figure 1) is indicated by a red box and a purple box 
in the scientific publications network (Figure 3).

Companies in Medellín active in green technologies work mainly on reducing the problems and precursors associated with climate 
change (e.g. Carbon Capture and Storage and Greenhouse Gas Mitigation) (A).

In digital technologies, stand out companies working on communication processes (e.g. Navigation, Positioning, Communication, 
Signal Processing, Wireless Communication, Cellular Networks) and computer and signal processing systems (e.g. Image Processing 
and Image Generation) (B).

In addition, the results show that a minority group of technologies is associated with all the capabilities and is therefore of 
particular relevance to the city: Renewable Energy Technologies, Power Generation (green technologies), and Communication, 
Signal Processing, Wireless Communication, and Mobile Phone Networks (digital technologies).

METHODOLOGYMETHODOLOGY

Selection of relevant technologies for analysisSelection of relevant technologies for analysis

Green technologies: We use technologies related to climate 
change mitigation and adaptation in the OECD classification. 
Digital technologies: We adopted the proposal of Chaturvedi 
et al. (2023). In total, 244 technologies classified as green 
technologies and 99 technologies related to digitalisation 
were analysed.

Innovation potential of twin technologiesInnovation potential of twin technologies

To analyse the innovation potential of green and digital 
technologies and their convergence into twin technologies, 
we use the typology of Mäkitie et al (2023) (Figure 7):

The “Radical Twin Innovation” quadrant groups technologies 
with the potential to generate changes in the structure of 
socio-technical regimes towards sustainable systems.

The “incremental twin innovation” quadrant groups together 
technologies that, although they may improve some of the 
sustainability characteristics of socio-technical regimes, 
ultimately contribute to maintaining their structure and 
permanence over time.

The “Digital innovations underpinned by sustainability” 
quadrant groups technologies with the potential to bring 
about structural changes towards digitalisation with some 
positive environmental effects that increase their legitimacy 
but do not foster a structural shift towards more sustainable 
socio-technical systems.

The “Sustainable innovations supported by digitisation” 
quadrant groups together technologies that have the 
potential to produce structural reconfigurations of socio-
technical systems, but here, digital technologies play a more 
discrete role, subordinate to the transformative power of 
green technologies.
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ABOVE: Figure 7. Typology of technologies with the potential 
to produce transformative innovations. Source: Authors’ 
elaboration based on Mäkitie et al (2023).

Inventive capacitiesInventive capacities

Were measured in terms of patents in green and digital 
technologies registered between 2000 and 2023 by Medellín-
based inventors1. The technologies were represented in 
network form to assess their convergence in developing 
inventions. As a result, clusters of green, digital, and twin 
technologies were identified that could potentially drive 
the formation of transformative niches. The organisations 
associated with the inventions, their nature, location and 
type of technology (green or digital) with which they are 
associated.

Research capacitiesResearch capacities

Were measured in terms of the scientific and technological 
production of authors from Medellín reported in OpenAlex. 
A network of OpenAlex disciplinary topics semantically 
associated with the green and digital technologies defined 
above was elaborated for their analysis. This network also 
identified clusters of green, digital and twin technologies 
with the potential to drive transformative niches in the city. 
For these capacities, the organisations that institutionally 
affiliate the authors were also identified, distinguishing them 
according to their nature, location and the type of technology 
(green or digital) associated with them.

Productive capacitiesProductive capacities

To analyse the productive capacities aimed at sustainability, 
a directory of circa two thousand companies in Medellín was 
used, of which just over half had an accessible website with 
information about the company, its mission and vision. For 
these companies, their semantic affinity with green and digital 
technologies was characterised. Using a principal component 
analysis (PCA) based on the semantic distance between each 
company and each technology, three business clusters were 
identified, differentiated by their commitment to the twin 
transitions. The green and digital technologies that are part of 
Medellín’s productive capacities were also identified, allowing 
for an analysis of the co-occurrence of technological themes 
present in both Medellín’s productive capacities and its 
invention and research capacities.

1 The term “Medellín”, as a geographical scope of invention, 
research and production capacities, refers in this document 
to the territory comprising the District of Medellín, other 
municipalities of the Metropolitan Area of the Aburrá Valley 
and the municipality of Rionegro.
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P O L I C Y  I M P L I C AT I O N S

Medellin has a significant base of invention, research and production capacities to form socio-technical niches of twin 
transitions. In this way, the city can leverage the results already achieved through policies that have driven green and 
digital technologies with a directionality towards sustainability.

Within these, research capacities stand out due to the diversity of technologies covered and the important presence 
of universities based in the city and with a regional and national presence. The district policy can strengthen these 
organisations and others dedicated to scientific research and technological development, as well as their insertion 
in regional-national (especially for green technologies) and global (for digital technologies) research and innovation 
networks.

Both existing inventive and research capacities in Medellín can be leveraged to drive twin transitions in the city. This 
implies decision-making by the District and a commitment to strengthening niches of interest through, for example, a 
niche management strategy.

The region’s policy commitment to strengthening transformative niches should consider the development of 
technology clusters that can potentially be associated with such niches. This development implies the strengthening of 
innovation networks, mainly at the national level for clusters where green technologies predominate and at the global 
level for clusters where digital technologies predominate.

In order to strengthen invention capacities, regional policy should place special emphasis on linking companies 
to innovation networks. This would balance the presence of Medellín companies with that of local and national 
universities and foreign companies.

In particular, the strengthening of innovation networks in green technologies, which tend to be oriented towards 
the use of the region’s natural resources (such as solar radiation, wind, water, soil and biodiversity), can be leveraged 
through the development of digital technologies and their potential to generate upgrading. However, these 
improvement processes may favour socio-technical regimes rather than promoting the development of transformative 
niches. In this sense, a transformative innovation policy could be oriented towards fostering experiments that seek 
the development of socio-technical niches based on the convergence of green and digital technologies that take 
advantage of existing capacities in the city, which can be leveraged to generate circularity in the use of resources.

The strengthening of networks is even more necessary and pertinent, insofar as they would involve universities and 
actors with key research and invention capacities for twin transitions. To strengthen these networks, Medellín could 
take advantage of its long history of promoting university-business-state collaboration through the Committee created 
for this purpose and other bodies that promote inter-institutional collaboration with solid cultural roots in the region.

Special attention to the district policy deserves those technology clusters that have the potential to leverage radical 
twin innovations, such as the Treatment and Circularity of Construction Waste cluster and the Clinical Engineering 
cluster. The invention and research capacities that the city has in these clusters could be of strategic interest to 
strengthen the Medellín Cluster City initiatives that are embodied in the Sustainable Habitat Cluster and the Medellín 
Health City Cluster (Medellín Chamber of Commerce for Antioquia, 2024).

Technology clusters with the potential to produce digital innovations underpinned by sustainability and sustainable 
innovations underpinned by digitisation can be valuable for the city. While it is true that their innovation potential 
is more associated with incremental innovations, it can eventually reorientation towards radical innovations. This is 
because the radicality of an innovation depends on contextual circumstances, the activities of the actors and their 
priorities. These, in principle, can be managed, and a district policy can contribute to reorienting regional efforts.
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R E F E R E N C E S  

                                                     G L O S S A R Y  O F  T E R M S 

Socio-technical systems:Socio-technical systems: The norms, routines and standards (rules) of a system are expressed in socio-technical systems. Such 
a system is a configuration of actors (their knowledge, skills), technologies (products, infrastructures) and institutions (regula-
tions, cultural symbols, markets) to fulfil a certain social function (mobility; or internal mobility; urban mobility). Example: The 
socio-technical system of grid-distributed electricity includes power plants, power wiring, secure wiring of newly constructed 
buildings and the existence of public or private arrangements for generating and distributing electricity. The markets are: the 
use of electricity in homes or businesses for lighting, heating, motors or powering electronic devices. It is a large system with 
many different social and technical characteristics. It is more than a century old and, although not universal, about 85% of the 
human population participates in this system. In terms of relationships between people, a large number of people participate 
in this system as consumers using a myriad of electrical technologies, while a much smaller number of people are responsible 
for the generation and distribution of electrical energy. 

Transformative niches:Transformative niches: Transformative niches are protective spaces where different ideas, models, configurations and ways of 
doing things try to survive and develop. Niches present configurations whose characteristics are different from those of the 
socio-technical system: they may work with different principles; they may use different technologies; they may present differ-
ent relationships between stakeholders; or they may privilege different sources of knowledge and alternative cultures. 


