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Techno-productive experiences for
climate action in Argentina: Insights from
renewable energy projects
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The main purpose of this research is to analyze techno-productive experiences within the framework
of renewable energy projects based on the use and exploitation of solar energy in a region defined by
favorable bioclimatic conditions. Following a primarily qualitative method, the research has been
based on four case studies of working groups and their experiences. Stakeholders from diverse origin
and background, interested in developing their technologies (processes, inputs, components,
equipment) for the use of solar energy havemanaged to enhance the links among suchdevelopments,
the productive sector and the communities in the territorial areawhere they carry out their activities. As
apossible pathof sociotechnical transition, these specificprocessesmaterialize energy transitionwith
the progressive change of production and consumption patterns in favor of climate action.

Forms of production, their pace and their intensity, reveal interaction and
relationships at stake between the involved parties in the pursuit of socio-
economic objectives. Climate change (CC) has proposed an agenda of
collaborative work including stakeholders, institutions, organizations of
diverse origin and scope, with significant local specificities. In 2015, the
United Nations General Assembly formulated the 2030 Agenda for Sus-
tainable Development, where 17 goals (SDGs) were defined as the horizon
to be followed. These include: taking urgent action to combat CC and its
impacts (SDG 13) and ensuring access to affordable, reliable, sustainable
and modern energy for all (SDG 7).

One of the core issues to be achieved is to transform the still prevalent
fossil fuel energy sources to ones that reduce greenhouse emissions (based
on the agreements adopted at the forum of the United Nations Framework
Convention on Climate Change). This means incorporating renewable
energy sources (RE) in the forms of production while reducing the con-
sumption (and production) of fossil fuels. In Argentina, Law No. 27,191
(2015) defines wind, solar thermal, solar photovoltaic, geothermal, tidal,
wave, ocean current, hydro, biomass, landfill gas, sewage treatment plant
gas, biogas and biofuels as renewable, non-fossil energy sources suitable for
sustainable use in the short, medium and long term. As a socio-technical
transition (STT)1, these transformations involve the integration of alter-
native forms of production, materials and sources into the practices of a
range of stakeholders.

Thus, the much-quoted energy transition (ET) is driven by an urgent
need tomitigate or eliminate the effects of carbon emissions and address the
problem of CC2,3. While reliable energy supply, fair access or affordability in
economic and technical terms, and sustainable production and consumption

dynamics remain a concern4–6. That is, a better and reduced use also implies
transforming the way in which the goal of economic growth is sustained7,8.

Looking specifically at energy sources and the environment, we went
over research findings on processes dealing with technological linkage and
social transformation from a multidisciplinary9–11 and productive12,13 per-
spective. Interactions through which global SDGs are met make these
transformations viable also as localization processes14–16. The links between
public policies, the scientific-technological, productive and social spheres
generate spacesof transformation for theproductionandpreservationof the
environment.

Then we wondered, what are the possibilities for the development and
integration of productive and technological adjustments towards ET in
specific territories? The starting point of incorporating RE generation sys-
tems should not be amatter ofmaking replacements to end up producing in
the same way, but to transform the forms of production and consumption.
In this respect, what are the conditions to implement local climate actions
(CA) and the possible ways to achieve them?

The purpose of this work is to analyze a setting of techno-productive
experiences in REprojects based on the use and exploitation of solar sources
(photovoltaic and thermal) in regions defined by favorable bioclimatic
conditions. In this setting, we will put an emphasis on distinguishing the
relationship between stakeholders committed to the technical-operational
development of scientific knowledge and its integration into socio-
productive structures (producers, companies, community) within the fra-
mework of the UN Sustainable Development 2030 Agenda and the com-
mitments undertaken by Argentina, in particular with respect of SDGs
7 and 13.
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The possibilities arising in this context are conditioned by multiple
relationships in line with the locations and the changing historical socio-
economic realities of each country and their regions. The economic
sociology approach, contemplates techno-productive experiences by iden-
tifying the involved stakeholders, their practices and their relationships as
key elements to strengthen the introduction of technical changes in the
forms of production (and consumption) immersed in capitalist social
relations. This has been referred above, in other words, as to a socio-
technical transition. The way in which economic and productive stake-
holders participate, even at local and national government levels, define the
composition and dynamics (configuration) of RE integration processes as
CA. In this studywe identify crucial aspects in theway stakeholders interact
that specify the type of local CA and its facilitators17.

In other words, the extent of these transformations encompasses deci-
sion making and state policies, the nature of involved businesses, companies
and large industries that are part of the transition and have the potential to
change business landscape, markets and base industries18. In this sense, at a
local level (temporally located space) of actions, various concerned groups,
including economic stakeholders, the people living in the territory inquestion
and sustainability experts (scientists, technologists) converge and play an
important role in the political-technical system of said transition.

An energy transition as a process of transformation involving energy
sources, inputs, equipment and applied technologies, is part of a larger
transition at a societal level: it becomes a socio-technical transition. As such
it comprises a set of processes leading to a fundamental change in socio-
technical systems (e.g.,19,20.). These are historical changes and in the current
times are driven by an urgent need to lead to a sustainable transition. The
way in which energy production complexes operate also implies under-
standing themas a sector of economic activity: they are part of the featuresof
the social structures of accumulation21,22. These features, as well as the
configuration of economic, social and political relations, will account for the
possibilities of implementing, not without disputes, actions that will lead to
reduce theproduction and consumptionof fossil fuels as aprimary source of
energy supply.

The actionsperformedbyvarious stakeholders, their interaction, culture
and practices, innovations and their implementation, institutional arrange-
ments and subsequent regulations will progressively introduce changes23.
Processes such as energy diversification (i.e., the introduction of alternative
sources in coexistence with dominant fossil fuels) and distributed generation
(DG) (i.e., generation for self-consumption and redistribution of any unused
surplus) are closely linked to those of ET. Such a development, understood as
building and applying components, equipment or devices in a process of
socio-technical change and adjustment24, involves the collaborative work of
multiple stakeholders, even when they may be not aware of it.

The configuration of socio-productive relations also include sub-
jectivities and practices of the stakeholders25, as spatio-temporally situated
(conditioned) responses they can lead strategies with different degrees of
autonomy towards the resolution of needs. Economic sociology26,27 con-
tributes to the definition of who are those who carry out the transition, who
participate and appropriate the result, use and value generated. Thus, it
facilitates thedefinitionof alternativedirections, features anddepth to achieve
transitions in each location with its own geographical characteristics. These
relationships are embodied and give specificity to the transition process.

Methods
Definition and rationale for case studies
The analysis of socio-productive configurations implies working on dif-
ferent levels of analysis. Basedon theproposedobjective, themethodological
strategy has been mainly qualitative: it comprises four case studies devel-
oped by four working groups (Table 1) and certain techno-productive
experiences they carried out (Table 3), under regulations in force in
Argentina and associated international agreements (Table 2). This strategy
facilitates the understanding of the processes under study, considering that
these are complex experiences, where different layers of action (political,
economic, technical and social) converge.

Based on the study of production networks for the energy transition in
Argentina28, the work being carried out by these groups with different
backgrounds and institutional affiliations (Table 1) in the central-west region
of the country stood out. As themain line of action in relation to SDGs 7 and
13, these working groups are focused on the fundamental aspects of the
current transition29: the expansion of RE, promotion of energy efficiency
(EE) and, to a lesser extent, electrification. They have a proven track record
in: (a) the study of materials and bioclimatic conditions by geographic
region; and (b) the development of techniques, equipment and construction
systems for the generation and use of energy from renewable sources.

Building techniques and data analysis encompass various sources:
a. In relation to the case study, the tracking andgathering of relevant data,

articles and public reports referred to each group and found in the
repositories of each institution, were complemented by conducting
open interviews with key referents. Once techno-productive experi-
ences related to the topic of study had been identified, the documents
owned by the working groups were collected. These documents
contain the specific systematization of relevant processes andproducts.

b. The identification and compilation of resolutions, decrees, statutory
regulations and action plans related to the incorporation of NDCs, the
adherence to SDGs and the RE transition strategy outlined by the
Argentine State (Table 2). The sources of information were taken from
the digital repository of Argentine legislation (infoleg), andministerial
reports.

The starting dimensions of the analysis in order to characterize each
study case were the institution where each group belonged, and the work
record (objective, processes and products) (Table 1). Next, we delved into
the interaction of stakeholders involved in each project experience, a cross-
linkage with public policy guidelines and the technical and financial
resources that contributed to its development (as summarized in Table 3).
At the same time, the acknowledgement of applicable regulations in the
country aswell as the stancewith respect to international agreements onCA
completed in a coordinated manner the scheme of governance (Fig.1) and
provided a framework for some of the possibility conditions of the techno-
productive experiences under study.

Results
Sociopolitical background for climatic action in Argentina
The institutional framework for RE projects in Argentina is part of the
national energy and climate policy. As a subscribing country of Paris
Agreements and theUN2030Agenda, Argentina has deployed a number of
institutions at different level and scope. The energy policy has been aligned
to the nationally determined contributions to address CC30. The NDCs are
the commitments assumed by the countries that are part of the United
Nations FrameworkConvention onCC (UNFCCC, 1992) and thatmust be
carriedout to intensify their actions againstCC, either to reduceGreenhouse
Gas emissions (mitigation actions) or to adapt to the impacts caused by that
phenomenon (adaptation actions).

Among the actions carried out in that process, we found legislative
advances that account for regulations related to the incorporation of RE as
power generation systems and the information about CA, their registration
and monitoring in order to achieve concrete local goals (Table 2). Sus-
tainability as a matter contained in binding regulations can be traced from
the National Constitution of Argentina (Article 41, 1994) to more recent
laws on the subject.

Sustainable transition has been implemented at different government
levels, in an interdependent manner through national agencies around the
country, in coincidence with what other authors call the creation of mul-
tilevel climate governance31. This was accomplished not without difficulties
on the coordination strategies32. Although explicit reference to SDGs may
vary, the coordination of actions in specific local projects is institutionally
anchored at national level. At this level, twoministries haveworked together
on the achievement of affordable and clean energy goal (SDG7) and climate
action (SDG 13): the Environment and Sustainable DevelopmentMinistry,
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through the Secretariat for Climate Change, Sustainable Development and
Innovation, which is responsible for the Technical Administrative Coor-
dination within the scheme of governance (Fig.1) and the Ministry of
Economy through the Secretariat of Energy33.

As for regulatorymatters, the Secretariat of Energyhas issued anumber
of provisions and regulations specifically connected with the ET13,34,35

(Table 2). These policies cover different aspects of the energy matrix, and
due to their broad scope are presented in different lines of action: (a) energy
efficiency (EE), (b) low-emission energy generation, (c) the new role of
consumers in the provision of renewable energy (distributed generation) (d)
system resilience, (e) gasification, (f) sustainable mobility and hydrogen.36.

In line with de-carbonization goals, other legislations have been
enacted to favor the incorporation of RE in recent times: Law 26,190 of
2006, later amended in 2015 (Law 27,191) and Law 27,424 of 2017 on
distributed generation focused on integrating sources to the electric

power generation in accordance with the Guidelines for an Energy
Transition Plan to 203037. In fact, from 2011 to 2021 renewable power
increased by 908% (from 496 to 5002 MW) in Argentina38. These
guidelines gather background information from previous joint work on
climate and energy issues, as updated, in favor of the reduction of
greenhouse gas emissions36. In terms of regulatory provisions, we
mention those that are currently applicable (Table 2). However, the new
administration of the Republic of Argentina (that took office on
December 10, 2023) has questioned the principles previously agreed
upon (See Necessity and Urgency Decree (DNU) 70/2023 Official
Bulletin dated December 20, 2023, or the failed bill submitted to
Congress on December 27, 2023 and Argentina’s President remarks at
Davos Forum on January 17, 2024).

Still, interdependence between different levels of governance is mate-
rialized by the actions of various stakeholders, who carry out the local

Table 1 | Key features of working groups

Working group Institution Objective Products / services Equipment and
resources

Created in

Energy Institute

National Uni-
versity of Cuyo
(UNCuyo)

Create a university space for training,
study, implementation of associative
projects and actions related to the use of
RE and the responsible use of energy.

Training
Audits
Development of energy
efficiency projects and
construction of equip-
ment (biodigesters, fruit
drying system).
Three Programs: Bio-
fuels, Energy and Con-
struction, Hydroelectric
Mini-generation.
Biogas project

Experimental work-
shop on solar ther-
mal and photovoltaic
energy, biomass
and water

2005

CLIOPE Group
Energy, Environment and
Sustainable Development

National Tech-
nological Uni-
versity (UTN),
Regional
School
Mendoza

Promote sustainable development
through research and promotion of RE,
life cycle thinking and use of associated
tools such as eco-labeling, eco-design,
Life Cycle Management (LCM), water
footprint (WF), carbon footprint (CF),
Social Life Cycle Assessment (S-LCA),
Economic Life Cycle Assessment
(E-LCA).

Solar Energy and Bio-
mass Energy Atlas
Impact assessment: car-
bon footprint, water foot-
print
Thermo-economic analy-
sis, simulation and mod-
eling of complex systems.
Energy and exergetic
evaluation of systems.
Rational use of energy
Economic evaluation of
environmental and
energy projects

Meteorological
observatory
Specialized software
(SIMAPRO)
Flowmeters
Pyranometers
Thermographic
camera

2008

Institute of Environment,
Habitat and Energy

National Coun-
cil for Scientific
and Technical
Research
(CONICET)

Provide scientific and technological
knowledge in the fields of habitat, envir-
onment and energies
Contribute to technological design and
development by integrating the expec-
tations and behavior of users and pro-
ducers of habitat in sunny climates.
Propose energy and environmental
indicators of the habitat on which the
decisions of people and institutions can
be based.

Environmental rehabilita-
tion of the building envel-
ope, study of natural air
conditioning systems.
Revaluation of ancestral
earth construction tech-
niques.
Research, development,
construction and transfer
of devices that take
advantage of solar
resources.
Development of hybrid
solar cooking systems

Meteorological sta-
tion (radiation, tem-
perature, humidity,
wind speed and
direction sensors)
Thermographic ima-
ging and digitizing
equipment
Solar power meter
Data loggers
Specialized software
Experimental work-
shop (building
and tools)

1976 as Laboratory of
Human Environment and
Housing within an execut-
ing unit (EU)
2015 as an EU under the
name of INAHE

Technological Observatory of
the Renewable Energy
Program

National Insti-
tute of Industrial
Technology
(INTI)

Contribute to the development of the
industry through the generation and
transfer of technology, the certification of
processes, products andpeople, and the
assurance of the quality of goods and
services produced in the country.

Solar Thermal Census
Certification of solar
thermal equipment
installers
Solar thermal equipment
manufacturing protocol
Audits
Collaboration in the crea-
tion of the Argentine
Chamber of
Manufacturers of Solar
Thermal Energy
Equipment

Laboratory for the
evaluation and test-
ing of solar thermal
systems
IRAM and ISO stan-
dards
Low temperature
solar thermal and PV
solar pilot plants.

Resolution 90/2016 INTI
Board of Directors, Creation
of the ‘Center for Research
and Development in
Renewable Energies'

Personal research. Various sources (refer to Methodological aspects).
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transformation in favor of the climate.Whether or not such actions refer to
the SDGs, their nature is present in the projects developed, amongwhichwe
find working groups under autarchic organisms (Table 1), e.g., national
universities (UTN, UNCuyo) and science and technical entities (INTI,
CONICET)39–41. The institutions where these groups belong are key ele-
ments for achieving their objectives, products and services providedby them
as techno-productive experiences carried out in changing contexts.

The incorporation of technology with better energy performance in
residential, commercial and industrial equipment, the use of labeling poli-
cies andminimumEE standards in electric and gas appliances are the main
lines of action in the projects developed by the groups and are in coincidence
with the current guidelines set out in the above-mentioned ET Plan to 2030.
Key steps in fostering RE integration include Law 25,019 (1998) and the
implementation of the Renewable Energy in Rural Markets Project (PER-
MER in Spanish). This project is one of the main instruments aimed at
harnessing power generation from renewable sources to supply the needs of
rural territories isolated from the electricity grid35,42. This type of programs
encompass both climate action and a response oriented to regions distant
from the national interconnected power grid.

There are also other instruments related to promoting technological
innovation in socioeconomic sectors considered as “Strategic Socio-
Productive Cores” (NSPE, in Spanish), the use of solar energy being one
of them. The National Agency for Scientific and Technological Promotion
(MINCyT), through Argentina Sectorial Fund (FONARSEC, in Spanish),
promotes one of the lines of coordination between scientific-technical
resources and financing through a Sectorial Technological Innovation
Fund. In fact, the National Cabinet on climate change in Argentina (GNCC
in Spanish) aims “to coordinate the design of public policies agreed upon
among involved government areas of theNational PublicAdministration, the
Federal Environmental Council and other stakeholders of civil society (Fig. 1).

Through the development and implementation of the National
Adaptation and Mitigation Plan (PNAyMCC, in Spanish)43 and the

mandatory recommendations of the External Advisory Council (CAE, in
Spanish), the GNCC seeks to achieve a meeting point between socio-
economic development and a healthy environment30. The council consists
of researchers, trade unions, communities and indigenous people, repre-
sentatives of environmental organizations, universities, academic and
business entities, public and private research centers, and representatives of
political parties (Law 27,520/2019, Section 2).

Techno productive experiences and the incorporation of
renewable energy
Techno-productive experiences help to define how socio-technical transi-
tion for the incorporation and dissemination of RE is materialized (Fig. 2).
As a particular interrelation between public policies, productive and social
needs and the scientific-technical working groups, each of these experiences
shows specific ways to produce socioeconomic transformations.

Development and socio-technical adaptation processes are based on
knowledge construction, its application and appropriation by the produc-
tive and community sectors where such processes take place (Table 3). The
work developed in these sectors is part of the line of actions contained in the
energy transition (ET) plan, which is then merged with the NDCs and the
National Adaptation and Mitigation Plan (PNAyMCC) (Table 2).

The Energy Institute (IDE), under the National University of
Cuyo, was created with the intention of contributing to the application
of knowledge for the use of RE resources in developments that involved
low orminimum levels of pollution (43.IDE 2005)44. In this respect, one
of the techno-productive experiences developed on a local situated level
consisted of a system of solar fruit dryers utilized in local agribusinesses
(Fig. 3). This experience was also extended to monitoring efficiency,
and improving the performance of the system by fine-tuning and
testing materials.

The process behind this experience reflects the history of other science
and technology organizations within the national scope, whose actions are

Table 2 | List of statutory regulations and action plans related to the incorporation of NDCs, SDGs and the renewable energy
transition strategy outlined by the Argentine State

Type of regulation Year Description and objective

National Constitution of Argentina 1994 First Part. Chapter II. Section 41. All inhabitants are entitled to the right to a healthy and balanced
environment fit for human development in order that productive activities shall meet present needs
without endangering those of future generations; and shall have the duty to preserve it.

Law 25.019 1998 National Wind and Solar Energy Scheme

RE Program 1999 Renewable Energy Project in Rural Markets (PERMER)

Law 25.438 2001 Adoption of the Kyoto Protocol (UNFCCC)

Law 26.190 2006 National Incentive Scheme for the Use of Renewable Energy Sources for Electricity Production

Law 27.191 2015 Creation of the “Renewable Energy Development Fund” (FODER) and compliance targets for power
generation from renewable sources

Law 27.270 2016 Ratification of Paris Agreement (2015)

First NDC 2015
2017

Emission reduction target for 2030
Revision following the Paris Agreement

RE Program 2016 Implementation of RenovAr Program for power supply from renewable sources in the Wholesale Elec-
tricity Market

Law 27.424 2017 Regime for the promotion of the RE Distributed Generation integrated into the National Electricity Grid

Law 27.520 2019 Minimum Budget for Adaptation to and Mitigation of CC. Creation of a National Cabinet on CC (GNCC)
and a Federal Environmental Council

Law 27.566 2020 Approval and ratification of Escazú Agreement: regional agreement on access to information, public
participation and access to justice in environmental matters in Latin America and the Caribbean

Second NDC 2020 Emissions reduction in 2 pp and sustainable development commitment

Law 27.592 2020 Comprehensive Environmental Education for all public officials (Yolanda Law)

National Plan for Adaptation to and Mitigation of CC –

Target Year 2030 (PNAyMCC)
2020 Multilevel joint development of a plan under the action of the National Cabinet on CC (GNCC)

Energy Transition Plan to 2030 2021 Guidelines for de-carbonization goals (Secretariat of Energy Res.1036)

Personal research. InfoLeg digital legislative repository and ministerial reports.
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locally based and encouraged. The National Institute of Agricultural
Technology (INTA, in Spanish), working together with fruit and vegetable
cooperatives, collaborated to provide generation of energy for local pro-
duction, by replacing large gas-fired ovens with solar energy and biomass.

The way these projects are funded is through the universities involved
in the projects. The concerned areas contribute to track and release infor-
mation about lines of credit (e.g., FONARSEC or the National Agency for
Scientific and Technological Promotion). This generally require building

public and private partnerships, bringing together stakeholders such as the
university -through IDE- and producers, manufacturers or entrepreneurs.

Strategically complementary to IDE’s techno-productive experience,
the activities and products developed by CLIOPE study group45 inure in the
consolidation of both generation and consumption of solar energy sources.
CLIOPE group created a Solar Energy and Biomass Atlas of the Province of
Mendoza (Fig. 4), a tool that is open to the public, and is intended to identify
and assess the region’s potential for the use of energy sources, while also
providepolitical-administrative, physical-natural, infrastructure and service
information46 about the territory where the project is carried out.

The atlas allows users to interactively visualize geographic information
on surface solar irradiance, availability of biomass of different origins and
bioenergy potential47. This work was funded by a research project of the
Ministry of Science, Technology and Innovation (MINCyT, in Spanish) at a
national level. The School of Agricultural Sciences of the National Uni-
versity of Cuyo, trainers working at the National Technical University
(UTN)- Mendoza Regional School-, INTA and private consultants are
among the recognized users of this tool.

The activity of theCLIOPEGroup integrates scientific research, higher
education and the transfer of know-howand services in connectionwith the
analysis, assessment, as well as energy and environmental optimization of
systems and products. The development and implementation of technol-
ogies that take advantage of RE sources is one of its main lines of action45.
They built devices such as distillers, ovens, collectors and solar dryers to be
installed in rural settlements (in line with the PERMER program,42). They
alsohelped to improve techniques andmaterials associatedwith said devices
(e.g., absorbent pigments for solar heaters) including the training of spe-
cialists in these topics, working together with other national organizations,
such as INTA, INTI, and localmunicipalities.Moreover, theCLIOPEgroup
works in coordination with other international networks.

However, evenwhenabovementioned experiences (fruit dryers, Atlas)
were geographically close one from the other, there has been no specific
communication between the institutions and stakeholders involved. Thus,
the need for an enhanced coordination of projects between scientific-
technical teams that work on issues under sustainability criteria within the
same region, calls for a specific work space oriented to a locally encouraged
sustainable transition.

The principles of sustainable development also provided INAHE
Institute with a theoretical framework for scientific research applied to
different aspects of the habitat. This institute based its group work on the
design, construction and energy assessment of a prototype experimental
solar house. The house -that was inaugurated in 1980 - was built including
improved traditional technology, a result of a project with the Organization
of American States and is today known by the name “Enrico Tedeschi”48. At
present, one of the outstanding research lines of the Institute is renewable
energy applied to architecture, construction and equipment, sustainable
social housing49 and bioclimatic urban design50. It has also systematized the
procedures for manufacturing ovens, solar stoves, solar distillation and
sustainable construction with quincha (wattle and daub) and earth walls
(e.g.,51). The application of these procedures in different contexts, will
eventually become techniques to be appropriated by the productive sector,
for construction and daily use52.Fig. 2 | Socio-productive configurations for Climate Action (author).

Fig. 3 | Solar fruit dryer from IDE, National Uni-
versity of Cuyo63.

National 
Climate 
Change 
Cabinet

Advisory 
Council

          Scientists 
Universities

NGOS
Communities and indigenous 

people
Political parties 
Trade unions 

Business sector

Ministers mee�ng
Focal points roundtable    
Provincial ar�cula�on roundtable    
Enlarged roundtable

Technical
administrative 
coordination

Fig. 1 | Climate governance scheme (Law 27.520/2019).

https://doi.org/10.1038/s44168-024-00134-0 Article

npj Climate Action |            (2024) 3:51 6



The awareness of the importance of incorporating urban bioclimatol-
ogy concepts in terms of energy saving and optimization of consumption
and use is noteworthy along the techno-productive experiences projects.
Energy saving is passive and can be put into practice without implying
specific devices, but rather adapting and taking advantage of available
resources50,53. This development is possible thanks to the developed

knowledge and applied on materials, shapes, sizes that can be adapted,
adjusted and improved as required in productive sectors and communities
that make use of them. INAHE puts an emphasis on the systematic incor-
porationof knowledge in away that ismeaningful in favorable climate terms.

Both INAHE and CLIOPE group researchers, participated in the GEF
AR-G1002 project, which resulted in significant advances in construction
based on bioclimatology principles, energy efficiency (EE) and the incor-
poration of renewable energy generation equipment (Fig. 5)54. The
nationwideproject “EficienciaEnergética yEnergíaRenovable en laVivienda
Social Argentina” (Energy efficiency and renewable energy in Argentina
Social Housing), funded by the Global Environmental Facility (GEF), was
conceived with the purpose of improving EE in social housing and, thus,
contributing to the reduction of greenhouse gas emissions and achieve a
better quality of life for the inhabitants53. The project covered 6 bioclimatic
regions in 8 provinces, where 4 housing prototypes were developed by the
relevant local government housing agencies. These prototypes incorporate
concepts such as thermal insulation in walls and roof, improved windows,
new materials, new designs and active solar technologies, specifically pho-
tovoltaic solar panels and solar collectors. Life cycle comparison reviews
were carried out on the designs prepared for each province, totaling 32
housing prototypes analyzed. Global Warming Potential (GWP) was
assessed using IPCC 2013 method and the Cumulative Energy Consump-
tion (CAE) was based on the lower heating value55.

As a result of this experience, a “Manual del desempeñoambiental de los
materiales y tecnologíasutilizadas en la construcciónde las viviendas sociales”
(Handbook on the environmental performance of materials and technol-
ogies used in building social housing) and a “Manual de implementación de
la metodología de Análisis de Ciclo de Vida en la construcción” (Handbook
on the implementationof LifeCycleAnalysismethodology in construction),
published by the National Secretariat of Environment and Sustainable
Development, are available56,57. These books were financially supported by
the Inter-American Development Bank, through which it was possible to
hire the Regional Center for Science and Technology Research (CONICET
Mendoza), a foundation formedbymembers of the Science andTechnology
Council in Argentina.

Production of technical and operational knowledge is based on a
connection with various stakeholders, a vocation for building and finding

Fig. 5 | Front page from Proposals for the implementation of renewable energy in
social housing made by the National Secretariat of Environment and Sustainable
Development54.

Fig. 4 | Solar Energy and Biomass Atlas of the Province of Mendoza from CLIOPE site: http://www.frm.utn.edu.ar/cliope/atlasdeenergiasrenovables/46,47.
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suitable technologies for the intended use in production processes and self-
consumption of energy. The object of INTI working group (Table 1) is to
optimizenationallymanufactured equipment and standardize components,
materials and manufacturing processes in order to take part in public bid-
ding procedures for social housing building. The mission of the technolo-
gical development and innovation in power generation area is to promote
and coordinate projects without distinction of source and technology, but
paying special attention to the national incorporation of RE58,59.

Specialized professionals work on this area to provide answers in
technical and regulatory aspects to national manufacturers, importers,
distributors and installers of equipment. Particularly, for solar thermal
matters, INTI offers laboratory services for the assessment and testing of
solar thermal systems under IRAM and ISO standards, in connection with
both energy aspects as well as with equipment performance, resistance and
durability aspects.Moreover, INTIwork team conducts aNational Thermal
Census every two years60. The survey provides key information about
production capacity, products and geographical locations and calls for
coordination among manufacturers of solar thermal equipment in both
productive and commercial sectors. In fact, INTI specialized work team has
participated in the process of forming the Argentine Chamber of Manu-
facturers of Solar Thermal Energy Equipment (CAFEEST, in Spanish), a
very important milestone for the development and professionalization of
the production and value chain of this sector. In the same line, a system of
technical certifications for installers -individuals responsible for installing
equipment- has been developed, with the purpose of professionalizing the
activities carried out by the trade.

In terms of aggregated actions and their inter-institutional implications,
the techno-productive experience led by INTI has materialized in the ela-
boration of a protocol and the bidding specifications for housing programs.
These are based on previous work including several aggregate phases: 1-
Technical support to drivemanufacturing, 2- Survey ofmanufacturers in the
national territory (solar thermal catalog and registry of suppliers and goods of
national origin for the EE sector, ReProER), 3- Periodic follow-up of man-
ufacturing and improvement of equipment, 4- Support credit lines for the
improvement of products (such as FONARSEC), 5- Preparing technical
regulations tobe controlledby theSecretariat ofCommerce (Res. 753/2020)61.

In this experience, INTI team members have worked with the Solar
Thermal Industry Development Program, under the agreement between
the Ministry of Productive Development and the Ministry of Territorial
Development and Habitat (MDTyH, in Spanish). Also, officers from pro-
vince government housing agencies were responsible for conducting the
bodding processes for the construction of social housing. For instance,
within the framework ofCasa PropiaProgram, INTI’s Energy andMobility
Operational Sub-management - that contributes with test laboratories and
accompaniment in the process of improved production- provided support
to: manufacturers of CAFEEST, projects from companies that received
funds through PRODEPRO (National Supplier Development Program),
bringing alsoother tools to improve and increase production.Moreover, the
Ministry of Science, Technology and Innovation (MINCyT) and InnovaT
Foundation, created a group, including researchers from various uni-
versities and centers in order to provide support to the Program.

Discussion
The experiences described above highlight present actions performed in
particular territories, that are related to the goals and commitments
undertaken by Argentina in relation to the 2030 Agenda (SDGs 7 and 13,
NDCs). The use of RE sources and EE has been regulated in this country
since the late 1990s and began to integrate into the productive sector with
the implementation of household appliances labels62 and the development
of RE policy programs13,34,35. The translation into concrete guidelines to
cooperate in the incorporation of other forms of production, materials and
sources friendly to the climate and the environment has gained notoriety in
national action plans since 2015 (PNAyMCC and Plan TE) (Table 2).

The actions of the working groups from and within the institutions
where they belong (Table 1), have materialized climate and energy policies.

National public universities and national scientific and technological cen-
ters, made the configuration of these experiences possible on the basis of
team work interaction with other stakeholders and levels of government.
The fact that they are autonomous organizations39 has helped to overcome
public policies differences in terms of priority goals and budget allocation
budgets13,34,35. Particularly with respect to the history of applied knowledge
production in each research line, the strengtheningof the groups inpractices
and learning linked to RE projects has been decisive9–11,24,28.

In relation toREprojects, incorporating scientificwork is achievedwith
the transformation of practices of the stakeholders interested in energy
generation (or intermediate processes). The interactions involved in these
projects result in increasing the creation and deployment of knowledge1,11,24

and contributes to find niches of opportunity (as spaces of transformation)
within the domestic energy complex (Fig. 2). As energy diversification
processes, techno-productive experience configurations have contributed to
reveal that: (a) technical construction of EE is important but not enough; (b)
energy production for regional economies is the key for a sustainable energy
transition; and (c) the industrial development of equipment and the use of
equipmentmanufactured at local level should be encouraged in the territory.

The expansion of RE and the promotion of EE are bound to the
transformation of energy consumption practices. Regulations are then
required to establish guidelines for themanufacture and labeling of artifacts
used in the processes62, to monitor compliance with said regulations and to
bring orientation for the expansion of energy consumption practices to
other production structures and service providers (design, adecuate place
for equipment installation, further advice). Prior history of changes origi-
nated in the work of INAHE, IDE, CLIOPE and INTI is rooted in opera-
tional resolutions and compliance audits. Thus, change is feasible from
production to consumption20,23. Educational training about the ways to
facilitate the efficient use of energy, the optimization of processes and the
utilization of appropriate materials complete the strategy (Table 1).

The scope of RE projects is conditioned by the coordinated actions of
stakeholders18. Project implementation is encouraged by local
governments15,16,32 and supported by national and international policies on
the matter (Fig. 1; Fig. 2). This pathway becomes necessary in order to deal
with the prevailing interests in certain industries, such as themanufacture of
household appliances or the construction industry, where conflicts may
arise with sustainability criteria.

The implementation of recommendations and adjustments suggested
for fruit dryers, solar collectors and housing prototypes is focused on energy
performance, taking into account climate features of the geographic regions
where projects are developed and solar orientation in building designs. It
also contributes to the operational and economic performance of local
production.Within the context of ET in our countries63, paying attention to
regional features, including access to available energy, economic and
material resources, involves addressing the issue of fair access or afford-
ability when making technological changes4–6.

The solar dryer project depicts how the interests of local producers and
the actions towards sustainable ET can be brought together10,12. However, it is
also worth considering that, when projects are implemented, tensions may
arise between producers and technicians. New materials, sizes and processes
demand attention on optimizing the use of solar heat, thus causing new
maintenance and operation tasks. With the support of IDE and INTA tech-
nicians and the collaboration of producers, such difficulties have been solved.
When procedures required in the production process (e.g., raw material is
placed to dry, dryer is solar oriented, rotation, removal and storage times are
established, etc.) are smoothed, technology then is adapted and incorporated
without further ado. Subsequently, the identification and introduction of
improvements in mechanisms, materials and processes are implemented by
other producers, types of production and geographical locations64.

Similarly, improvements in equipment, and protocols required by all
equipment suppliers, whether national or imported, have resulted from the
collaborative work of INTI and solar collector manufacturers; however this
has led to competition in the supply of equipment within the domestic
market. In relation to local producers, the above mentioned experiences
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have helped to overcome certain difficult aspects of the supply chain, such as
the market concentration of inputs and components coming mainly from
China and the implementation of technology and its diffusion, especially
when restricted by intellectual property rights, (e.g., patents), at interna-
tional level65. In this sense, these experiences have also created the possibility
of expanding the suppliers network for locallymanufactured equipment.At
this point, testing manufacture standards, monitoring and enforcing com-
pliance places the State in a supervisory role61 and promoter from its inte-
gration into social housing policies.

These experiences provide for alternatives within capitalist social
relations of production21,22, offering clues about creating potential spaces of
transformation, where locally anchored stakeholders, inputs and products
result from the interaction of public policy, science and technology orga-
nizations, companies and the community of users of equipment and
services18,20. In the face of economic and political instability in our
countries66, techno-productive experiences offered as alternatives (other
ways of doing), challenge the discontinuity of concrete RE programs while
also encouraging the transformation of ongoing practices and the produc-
tion of applicable scientific-technical knowledge (Fig. 2). Techno-
productive experiences enable transformation spaces as a gradation
between corporate transition and socio-ecological transition2,5–7. In order to
move beyond the techno-productive experiences, an effort will be necessary
to coordinate the interests of the stakeholders involved in manufacture,
construction and intermediation aspects of commercial relations.

In otherwords, the possibility of coordinating these responses to climate
change imply producing structural transformations. This change in the social
relations of production involves acknowledging crucial aspects of interaction,
incorporatingprocesses, sources andmaterials friendly toour environmentas
transformations in process that are becoming part of our daily life. This is
possible as a social process in the long term, as a socio-technical transition1,20.
The collaborative state action at local and national levels of government, the
presence of autonomous agencies, the infrastructure available to make cli-
mate action feasible, the regulations that promote climate action through
energy policy (NDCs and ET guidelines) and strengthened relations between
and with economic, productive and technical actors are the key to give
continuity to the transformations intended in favor of the climate.

The cases studied outline localization processes of sustainable devel-
opment goals in relation to the incorporation of RE in housing construction
and the production of affordable energy devices, all of which result in climate
action and encourage local industry and professional employment. The
political-technical system that accompanies these processes is decisive, in
termsof thepositioningand theactionsof theState, thegovernmental policies
oriented to climate actions and the energy transition towards decarboniza-
tion. In line with the political-technical system, a scientific-technical system,
both public and private, which supports research and development actions,
favors collaborative, multidimensional and interrelated construction to be
disclosed and implemented in the social and productive structures of a spe-
cific territory. These linkages are crucial when dealing with structural con-
ditions that limit climate action, specifically in economic and financial terms
required by renewable energy projects. The focus on techno-productive
experiences has enabled to discern the significance, possibilities and limita-
tions in the deployment of the above-mentioned processes that coexist with
the dynamics of worldwide production of supplies,materials and equipment.

Locally promoted techno-productive experiences in the process of
energy transition show the possibilities and ways of change in practices and
subjectivities of the stakeholders involved, facing in that same process
structural and conditioning factors of the ongoing transformation. The
incorporation of renewable energy generation systems, their dissemination
and their rooting in the territory, as well as in production and consumption
practices, contributes to several fronts: making an action in favor of the
climate, taking advantage of existing bioclimatic conditions, obtaining an
economic benefit associated with their use (e.g., reduced generation costs
and creation of businesses), being less dependent from the energy system
(distributedgeneration) and achieving autonomy.These changes implynew
relationships between stakeholders in each territory and the presence of

stakeholders engaged in decarbonization objectives. The fundamental focus
now lies on changing the axis to result in further transformations: this is
when the forms of production, their pace and intensity in response to
socioeconomic objectives come into dispute.

Localization processes of actions in favor of climate consist of exer-
cising the coordination of multiple actions by various stakeholders at dif-
ferent scales that combined transformwhat is fragmented. The purpose is to
create complementary actions leveraged as actions for the climate. Such
actions will be able to circumvent the difficulties or impositions of the
market, and may, for instance, become social housing policies. Likewise,
through the interaction of energy-climate, industrial and social policies, it
will be possible tomake it a requirement to install or facilitate the installation
of equipment that is supplied by renewable energy sources. Such equipment
and know-how can be manufactured by national producers, i.e., from the
same region, with the possibility of making any specific socio-technical
adjustments known to them, as required.

The production, generation and use of energy is then associated with
the disclosure and release of appropriable technologies that can be incor-
porated. As a socio-technical transition, energy transition is possible with
the diversification of energy generation sources and the integration of dif-
ferent technologies in the sustainable use of supplies, materials and equip-
ment, the application of these in building construction and production
processes. Coexistence of different sources, as well as distributed generation,
will reduce the demand on national energy systems by localizing generation
and adapting it to the uses required in each territory. Processes in this
direction are conditioned by the possibilities of producing and acquiring,
purchasing, financing supplies, materials, equipment and operating
knowledge to implement, adapt and strengthen the infrastructure that
makes possible the material achievement of the energy transition.

Through the actions of working groups engaged in socio-technical
adaptation and in response to situated needs, the socio-technical transition
which enables energy transition, is possible. In this way, SDGs 7 and 13
towards sustainable development in favor of climate make sense. The
diverse institutional backgrounds of the stakeholders involved in renewable
energy generation and use projects have common features and prove that
action is achieved through complementary efforts. Long-lasting alliances
where different governmental levels coexist, allow such complementary to
be extended over time and result in sustained actions in favor of the climate.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.

Data availability
All data generated or analysed during this study are included in this pub-
lished article. Data sources are included in the main text and references.
Interview notes and other rawmaterial, as processing data, will be available
in the Institutional Repository of research data of the National Council for
Scientific and Technical Research - CONICET Digital.
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