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Abstract

Digital technologies are advancing at an astonishing rate. with the help of these new technologies, it has been
possible to increase the production of solar energy, which leads to lower costs for the population for electricity bills.
but more important than the fact that electricity is produced is the fact that it must be captured. Efficient energy
storage allows it to be kept in optimal conditions so that it can be used to its maximum potential for users. Creating the
conditions for a sustainable life is very important, starting from sustainable production to sustainable consumption. In
this article, the relationship between digital technologies and solar energy storage is fundamental. This article aims to
delve deeper into a topic of major interest to the population and researchers. The research method used is based on
bibliometric analysis of 2 keywords of interest in this article, namely: digital technologies and solar energy storage.
The keywords were used to create a bibliometric analysis with the VOSviewer sofiware. The analysis of 240 articles
resulted in the Bibliometric Analysis Map. The articles were collected from the Web of Science database. As a result of
the research carried out, the connection between digital technologies and solar energy storage is observed.
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1. Introduction

Efficient energy storage is a central link in a modern energy process. As the population
approaches the modern trend of using artificial intelligence, it is observed how this type of
consumerism guides us to adapt to new technologies. Some have only heard of heat pumps while
others have come to own them.

The evolution of investments and strategies for implementing digital energy storage
technologies facilitates the shift to greater use of renewable, clean and renewable energy sources.

Solar energy plays a key role in the global transition to renewable energy sources. Recently,
digital technologies have begun to profoundly transform the way solar energy is produced,
monitored, distributed and consumed. This process is part of a broader phenomenon known as the
digitalization of the energy sector.

Deeply decarbonized energy systems depend on advances in materials science and battery
technology to overcome the threats of intermittency from wind and solar power (Kittner, Lill, &
Kammen, 2017).

The REPowerEU strategy aims to double grid-connected solar power from 2020 levels to
320GW. Furthermore, this plan targets nearly 600GW by 2030 (Festa, 2025).

The contribution that artificial intelligence makes to the development of new technologies
represents a huge boost to innovation. Technology is advancing day by day, and studies and
research are being conducted to develop thermodynamic models with which to increase the
performance of energy storage from green energy sources.
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2. Paper body

Concentrated solar power (CSP) is used to harness solar energy for the purpose of
generating electricity (Onu & Mbohwa, 2019).

A study shows that, (Meibodi. S., 2025) depending on the temperature of the space heating
installations, energy storage systems can achieve a solar fraction of up to 100% for winter heating,
eliminating the need for non-renewable energy sources.

Another study brings quantitative evidence to policymakers to develop strategies aimed at
balancing energy transition (Bergougui et al., 2025).

A representative study (Cetina-Quifiones et al., 2023) shows the importance of the solar
drying process, solar radiation, as well as wind, humidity and ambient temperature.

Another study shows (Geng, Zhang, Sun, 2025) us that the performance and feasibility of a
hybrid renewable energy system for buildings in isolated areas, integrating solar photovoltaic (PV)
panels, a ground source heat pump (GSHP) or wind turbines. Thermochemical adsorption systems
can store significant amounts of energy (Ren et al., 2025). Low-carbon and renewable energy
systems are being sought to meet winter heating demand, such as the Power-to-Hydrogen (PtH2)
system to meet seasonal demand (Petkov, & Gabrielli, 2019).

Solar-assisted heat pumps have a promising future. They have impressed with their energy-
saving performance. Also, Zhang & Zhang say that the environmental protection that heat pumps
offer leads to sustainable development. Pumped thermal energy storage (PTES) is an electrical
energy storage system that converts electrical energy into thermal energy, which is subsequently
converted into electricity. The green supply chain is strongly influenced by innovations in
renewable energy (McTigue & Ma, 2025).

There is increasing discussion about the future of work in the context of demographic
changes and technological advances (Ciuca et al., 2025).

New technologies influence all sectors, which is why, with the help of the implementation
of digital technologies on railways powered by renewable energy, an increase in energy efficiency
is observed (Tairab et al., 2023). The essential components are analyzed using energy measurement
correction methods, through Coulombic efficiency (CE) estimation techniques and SOC estimation
using efficiency algorithms (Chen & Fang, 2024).

With a world full of uncertainties of all kinds, the issue of apathy regarding energy crises
arises.

A future global energy crisis has only one solution: achieving an advanced, bidirectional,
self-healing, interoperable, and predictive digital energy system (Dorji et al., 2023). Smart grids
(SGs) represent a key factor in the energy transition, helping to integrate renewable and
conventional energy sources through the use of advanced digital technologies. (Campana et al.,
2025).

For thorough security, such a system obviously needs cyber protections to mitigate
malicious attacks.

Establishing sustainable energy systems facilitates the reduction of negative environmental
impacts through resource efficiency and technological innovations (Huang & Tan, 2025).

Figure 1 further shows that a bibliometric analysis of co-occurrence was carried out using
the VOSviewer application software.

For this bibliometric analysis, 240 articles extracted from the WoS Core Collection database
were used. VOSviewer shows 6 clusters, more precisely, homogeneous groups of data, which
resulted for the keywords "digital technologies" and "solar energy storage".
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Fig. no. 1: Bibliometric analysis of the of the co-occurrence of keywords approached in the

WoS Core Collection articles related to digital technologies and solar energy storage
Source: Created by author in VOSviewer tool, using Web of Science Core Collection database

Following the searches, it is observed that for the 2 keywords, the most analyzed topics in
the specialized literature are: renewable energy, storage, energy storage, solar, optimization,
system, resulting in 6 groups of homogeneous data.

In the first cluster, marked with light blue, it can be seen that authors who wrote about
renewable energy also used keywords such as: stability, transition, future, etc. In the 2nd cluster,
marked in red, it can be seen that the authors who wrote about storage also used keywords such as:
efficiency, third group of solar energy, homogeneous technologies, etc. In the 3rd cluster,
highlighted in green, we see that stored energy was assimilated with keyword searches such as:
smart grid, solar energy, management, etc. Group 4, colored in dark blue, shows that the word solar
was identified alongside keywords such as: simulation, photovoltaic, technology, model, etc. Group
5, colored in purple, shows that the word optimization was identified in the specialized literature
often alongside keywords such as: digital twin, energy management, solar-cells, microgrids, etc.
Group 5, colored yellow, shows that the word system was identified alongside keywords such as:
cost, hydrogen, performance, plant, etc.
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3. Conclusions

New digital technologies have revolutionized the way photovoltaic systems are designed,
planned and installed, contributing to increased efficiency, reduced costs and faster and more
accurate implementation.

Digital technologies are a huge enabler and catalyst for the sustainable development of solar
energy. They enable a more efficient integration of renewables into the energy infrastructure and
give users control, transparency and efficiency. As innovation continues, digitalization will play a
key role in achieving global climate and energy goals. Digital technologies help monitor, increase
efficiency, control and integrate stored solar energy into electrical grids.

Energy storage monitoring and management are more effective if the batteries have a better
state of charge, voltage, or temperature. Also, the lifespan of the batteries used in solar energy
storage influences their charging or discharging. There are more and more practical studies that
analyze the technical characteristics, the times for different stages or the technical indicators that
could be improved to increase the efficiency of solar energy storage. Many studies focus on
investigating the performance of hybrid renewable energy systems for remote buildings in isolated
regions, by implementing solar photovoltaic (PV) panels. To achieve the transition to renewable
energy, improved deployment strategies are needed.

With the help of bibliometric analysis, the importance of a topic such as energy storage for
researchers in the field can be observed. Through the co-occurrence of keywords, the 6 identified
clusters can be observed. The chosen keywords show how important research on solar energy
storage is for the specialized literature in relation to digital technologies.
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