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ABSTRACT  

In Argentina, there are currently around six hundred small electricity distribution companies, mostly cooperatives, offering a variety of 

public services. These companies are responsible for the distribution of 12% of electricity nationwide, which is equivalent to two million 

users. Most of them seek to improve efficiency in the provision of their service and despite the economic blows that they always face, 

they try to maintain open channels that allow them to improve competitiveness. In the city of Caucete, province of San Juan, Argen-

tina, the distribution company that operates there (DECSA), has been a pioneer in implementing innovation projects in agreement 

with the Institute of Electrical Energy (IEE), UNSJ-CONICET. This is how the "Caucete Smart Grid" project was born, which encompasses 

a series of improvements in terms of its architecture and the implementation of computational tools that will position it as a benchmark 

in the transition to a more efficient, resilient and sustainable electricity grid; demonstrating that innovation is not exclusive to large 

companies, but also to small distributors with a strategic vision. This article briefly describes the technological evolution and computer 

tools that were successfully used in the aforementioned project. The characteristics of each one and their main functionalities are 

listed. This will be followed by a short analysis of the current lines of work and the challenges or future approaches of the project. 

Keywords: [Smart Grids], [Energy Transition], [Renewable Generation], [Caucete] 

 

RESUMEN 

En Argentina, actualmente operan alrededor de seiscientas pequeñas empresas de distribución eléctrica, en su mayoría cooperati-

vas, que ofrecen una variedad de servicios públicos. Estas empresas son responsables de la distribución del 12% de la electricidad a 

nivel nacional, lo que equivale a dos millones de usuarios. La mayoría de ellas busca mejorar la eficiencia en la prestación del servicio 

y a pesar de los embates económicos que siempre las atraviesan, tratan de mantener canales abiertos que les permitan mejoras en 

la competitividad [1][2]. En la ciudad de Caucete, provincia de San Juan, Argentina, la empresa distribuidora que opera allí (DECSA), 

ha sido pionera en implementar proyectos de innovación en convenio con el Instituto de Energía Eléctrica (IEE), UNSJ-CONICET. Es así 

como nace el proyecto “Red Inteligente Caucete”, que engloba una serie de mejoras en cuanto a su arquitectura y la puesta en 

marcha de herramientas computacionales que la posicionarán como un referente en la transición hacia una red eléctrica más 

eficiente, resiliente y sostenible; demostrando que la innovación no es exclusiva de grandes empresas, sino también para pequeñas 

distribuidoras con visión estratégica. En este artículo se describe sintéticamente la evolución tecnológica y herramientas informáticas 

que fueron aplicadas con éxito en el mencionado proyecto. Se enuncian las características propias de cada una y sus funcionalida-

des principales. Seguidamente se analizarán brevemente las líneas de trabajo actuales y los desafíos o enfoques futuros del proyecto. 
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Introduction 

In a global context where the energy transition and the digitaliza-

tion of networks have become imperative, this project to mod-

ernize the electricity distribution grid of the City of Caucete, in 

San Juan - Argentina (31°38'55.4"S 68°17'00.8"W), managed by the 

Distribuidora Eléctrica de Caucete S.A. (DECSA), arises. With 

more than 11,000 users (urban and rural) and a peak demand of 

close to 20 MW, the company faces the typical challenges of a 

distributor small in customer size, but extensive in geographical 

coverage: technical losses, limited telemetry and a growing need 

for operational efficiency. This project seeks to transform its grid 

into a model "smart grid", integrating photovoltaic (PV) generation 

to diversify the energy matrix, advanced telemetering systems 

(AMI) and advanced protection and maneuvering devices [3]. In 

addition, the interoperability between technologies is analyzed, 

computational tools are developed and a road map is created to 

serve as a reference for other distributors in the region. The pro-

ject is innovative since it has demonstrative scalability; although it 

is a small distributor, DECSA works as an ideal "test bed" for tech-

nologies that can be replicated in other electrical SMEs. It provides 

a comprehensive approach since in addition to implementing 

equipment (hardware), analytical solutions (software) are devel-

oped to improve decision-making in investments and operation of 

the network. The DECSA company, as well as most of the coun-

try's small electricity distributors and cooperatives, have limited 

resources (income). This means that it is extremely difficult for 

them to technologically modernize their networks to meet the 

growth in demand, as well as the new uses of energy and the in-

corporation of distributed energy resources (DERs). DERs include 

distributed generation (DG), which takes advantage of renewable 

energy sources (mainly PV and wind generation), as well as energy 

storage systems, active demand response programs, electric vehi-
cles and in some cases the figure of the energy marketer-aggrega-

tor [4][5]. Since 2016, the "Caucete Smart Grid" project has been 

developed, working on the optimization of resources and mainte-

nance of electrical installations. This has made it possible to reduce 

failures and average service interruption times by more than 50%. 

Given that this value, along with other indicators, could not be 

improved due to the lack of a more reliable system, various guide-

lines or work strategies were established. They were materialized 

over the years and until today in a scenario of full technological 

development. 

Social focus 

The socio-environmental problem addresses its field of action 

from a global, interdisciplinary and participatory perspective. Its 

vision is not limited to ecology, but integrates social, cultural, eco-

nomic and emotional dimensions of communities. A fundamental 

aspect is that it must promote active participation, generating trust 
in people so they recognize themselves as agents capable of con-

tributing to solving environmental problems. This research project 

stands out for integrating multiple stakeholders: citizens, the dis-

tribution company, researchers and the state. In this sense, the 

installation of smart energy meters and distributed generation 

with solar panels stands out. This achieved that the neighbors felt 

like active participants in the process, breaking with the traditional 

idea that science is a sphere alien to the population. Thus, with an 

important communication strategy, the term "users" was replaced 

by "prosumers", highlighting their potential not only as consumers 

but also as possible energy generators. Likewise, "citizens" was 

chosen instead of "loads", thus recognizing their condition as 

subjects of rights. These discursive decisions, although apparently 

small, were fundamental to build a relationship of collaboration 

and not of technical imposition. 

Project strategy 

Four guidelines related to technological development and digital 
innovation have been established, including: the installation of 

smart telemetering, the incorporation of renewable distributed 

generation, the integration of advanced protection and maneuver-

ing devices, and the development of computational tools to ana-

lyze and improve the operational performance of the system. 

Smart telemetering 

The project deploys a telemetry network composed of devices 

with varied communication interfaces. Currently, 752 measure-

ment units are operational in different segments (homes, busi-

nesses and industries), capturing consumption information with 

adequate precision and frequency. 

To expand coverage, the installation of the following is scheduled: 

• 280 new devices in a housing development 

• 35 additional units along with their concentrator equipment  

The communication architecture combines: 

• PLC technology for mains transmission  

• GSM cellular modules for areas without wired infrastructure 

This implementation allows: 

• Instant display of electrical parameters 

• Predictive analysis of grid behavior 

• Modular expansion according to future requirements 

The system features a scalable architecture that facilitates future 

expansions without the need for major redesigns. Its design guar-

antees full compatibility with different load configurations (single-

phase/three-phase) and voltage ranges. The integrated platform 

enables centralized monitoring of all devices, offering a unified 

view of grid behavior (Fig. 1). 

 

Figure 1. General telemetering scheme. 

Source: Own elaboration  

Renewable generation 

The project integrates on grid photovoltaic (PV) generators, with-

out storage, distributed according to their power, in: 

• 3 residential installations (1.6 to 2.6 kWp each). 
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• 1 PV on the roof of the distributor (3.6 kWp). 

• 1 PV on the parking roof of the bus terminal (3.6 kWp). 

• 1 water pumping system (17 kWp), standing out as the larg-
est installed capacity (Fig. 2). 

All facilities are connected to the power grid and monitored re-

motely, allowing real time monitoring of generation and perfor-

mance. In addition, 2 weather stations (also remotely monitored) 

are included, which provide key environmental data to optimize 

the efficiency of the system.  

This configuration prioritizes direct injection into the grid, reduc-

ing dependence on batteries and aligning with distributed energy 

models. The combination of scales (residential, commercial and 

industrial) reflects a multifunctional approach to solar generation. 

 

Figure 2. PV for groundwater pumping station in rural area. 

Source: Own elaboration 

Advanced protection and maneuvering devices 

The grid has telemetered and/or commanded operation equip-

ment, strategically distributed to optimize monitoring and control. 

Among the field devices, 7 reclosers and 5 measurement points 

located at the head of feeders stand out, which allow efficient fault 

management and measurement of electrical parameters. Imple-

mented trademarks include Cooper, Schnei-der, and ABB, ensur-

ing robustness and interoperability (Fig. 3). Communication is 

done using proprietary RF links and the DNP3 protocol, ensuring 

reliable and standardized transmission. Additionally, the use of fi-

ber optics (FO) in key lines is used, increasing the capacity and 

speed of data transfer. This combination of technologies improves 

contingency response and facilitates progressive grid automation. 

 

Figure 3. Equipment and geographical distribution of measurement 

points. 

Source: Own elaboration 

Computational tools 

The incorporation of smart meters in neighborhoods and indus-

tries of Caucete, allows valuable information to be obtained on 

electricity consumption and generation. However, if there are no 

tools or software for its correct processing, it would cause a large 

volume of real time data to accumulate with a low degree of utili-

zation. For this reason, all the information is consolidated in a cen-

tralized energy data management platform, implemented under 

cloud architecture at the Electric Energy Institute (IEE), which 

guarantees scalability and secure access. It is then processed and 

analyzed in the Smart Grid Analyzer and Simulator Laboratory 

(LASRI), and it is from there that the applied research and tech-

nological development group generates or implements the func-

tionalities based on requirements (see Fig. 4). 

 

Figure 4. Functional structure of the LASRI. 

Source: Own elaboration 

 

For strategic planning, simulators have been developed that model 

grid expansion scenarios considering technical and economic var-

iables. Demand management is supported by dynamic response 

tools that balance distributed generation and consumption. Given 

the need to monitor in real time and remotely control distribution 

equipment; mainly the transformer substations from high voltage 

(HV) to medium voltage (MT) SET (SET AT/MT), feeder output 

and a few downstream points in MV, a SCADA system has been 

envisaged, since, without it, or without analysis tools to support 

the distribution operator (DSO), decision making would be based 

solely on its previous experience and the subset of data it receives. 

Advanced functions can be divided into two main categories: on 

the one hand, those that define and analyze the state of the distri-

bution system for current operating conditions and, on the other 

hand, functions that are designed to make recommendations and 

provide support in decision making to improve efficiency, quality 

of supply, reliability and security of the distribution system, with 

respect to current or future operating conditions. 

• GeoREID [6]: For georeferencing of electrical distribution 

networks. 

• OpenPy-DOP [7]: Operation planning considering tradi-

tional and emerging resources. 

• OpenTC-AMI [8]: Allows processing and obtaining typical 

load curves. 

• OpenPy-DELF [9]: Forecasts electrical load and solar gener-

ation in the short term. 

• OpenPRED [10]: Expansion planning for electrical distribu-

tion networks. 

• OpenHC-PV [11]: Hosting Capacity calculation for distrib-

uted photovoltaic (PV) generation insertion. 

• OpenConfiDist [12]: Calculates reliability of a distribution 

network. 
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• Open-iSCADA [13]: Acquisition, supervision and control 

system with artificial intelligence (AI).  

The key is to identify specific problems and focus on designing 

open-source tools or platforms, using already available data (such 

as consumption records, maintenance history or smart meter 

readings).  

Some of these tools are available for free download in an IEE re-

pository: 

https://sourceforge.net/u/repoieeunsjconi/profile/ 

Results 

The Caucete electricity grid has provided a real test platform for 

developments and field verification of results. All this is comple-

mented by typical load curves, radiation records and real environ-

mental parameters. Through segmentation of the network, of one 

or two feeders, models for testing and evaluation of future ad-

vances emerge (Fig. 5). Obtaining typical load curves for working 

days, semi working days and holidays has been essential to carry 

out accurate calculations and simulations, since they allowed mod-

eling the real behavior of demand in each feeder, under different 

operational scenarios. These curves are essential for properly siz-
ing equipment, transformers, lines and protections, as well as for 

evaluating technical impacts of the integration of distributed gen-

eration (Fig. 6a and 6b).  

For the IEE and in particular for LASRI, lines of work were devel-

oped with important results and new challenges. The importance 

of data governance is highlighted, through a comprehensive system 

of policies, processes, roles and standards that ensure the quality, 

security, availability and effective use of data. In this sense, the 

structuring of a unified data lake (IEE repository) with strict pro-

tocols regarding data protection was achieved. From an iterative 

approach, a phased implementation was carried out with sector-

ized pilot tests and a continuous improvement model based on 

KPIs (performance indicators). At the level of the research and 
development group, a training plan was launched with a techno-

logical upskilling program for technical teams and the creation of 

a center for improvement in applied Artificial Intelligence (AI). 

 

Figure 5. MT network for 89-node test. 

Source: Own elaboration 

 

For the distribution company, tangible results were obtained, such 

as improved operational efficiency, improvements in reliability and 

a correct future projection of the network. By having a detail of 

the status of a large part of the facilities, a reduction in unac-

counted technical losses, faster fraud detection and a more 

dynamic billing system was achieved. Users were able to have their 

consumption details "at hand", with information almost in real time 

thanks to the mobile App. All this is associated with the automa-

tion of readings. From a technical point of view, the integration of 

distributed PV generation provided valuable data on the behavior 

of the grid in bidirectional scenarios, allowing to adjust predictive 

maintenance strategies and planning of future investments. 

 

Figure 6a. Typical daily consumption curve, for a feeder in summer. 

Source: Own elaboration 

 

 

Figure 6b. Typical daily consumption curve, for a feeder in winter. 

Source: Own elaboration 

Next Steps 

Although there are several areas of interest, AI is an unavoidable 

path and, in this sense, we will work on the expansion of predictive 

capabilities, the integration of models for the management of re-

newable energies (e.g. climate), and we will deepen self-learning 

for consumption patterns. On the other hand, implementations 

with virtual or augmented reality are under study; a Digital Twin 

of the network, a real time simulator for decision making or a 

virtual environment for operator training, are some of them. 

Conclusions 

The experience of the Caucete Smart Grid shows that technical 

projects can and should incorporate a deep social dimension. Its 

success lies not only in technological innovation, but in having un-

derstood that the transition to more sustainable systems requires: 

approaches that value local knowledge, genuine mechanisms for 

citizen participation and public policies that promote interaction 

between scientific research and society. This case shows that, 

https://sourceforge.net/u/repoieeunsjconi/profile/
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when science and communities are combined, the results are 

more robust, legitimate and lasting over time. 

The success of the "Caucete Smart Grid" project shows that the 

digital transformation in energy distribution is not exclusive to 

large companies and with the right strategy, SMEs can lead tech-

nological innovation. This project sets precedents in scalable mod-

els for medium sized utilities, open interoperability standards, and 

financial sustainability by implementing OS+Industry 4.0. 
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