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Self-Managing Energy Systems for Isolated Areas: A Tech-
nological Review of Solutions, Challenges, and Future Op-

portunities 
 

Sistemas de energía autogestionados para zonas aisladas: una revisión 
tecnológica de soluciones, desafíos y oportunidades futuras 

 

ABSTRACT  
Reliable access to energy in rural and remote areas remains a barrier to sustainable development, driven by dependence on fossil 
fuels, limited local technical capacity, and high operational costs. In response, self-managed energy systems have emerged as a 
promising alternative to deliver autonomous, scalable, and low-maintenance energy solutions. This study identifies and categorizes 
viable technologies and management methodologies through a systematic literature review and bibliometric analysis using 
VOSviewer. Solutions are grouped into five progressive tiers of self-management, ranging from basic fossil-fuel-based generation to AI-
powered microgrids. Findings reveal that energy management methodologies vary in applicability depending on infrastructure levels, 
due to their specific technical and economic requirements. The study concludes that energy transitions in these regions must be grad-
ual and adaptive, prioritizing low-maintenance, highly scalable solutions. It underscores the need for policies that balance technolog-
ical innovation with realistic local capacities. 
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RESUMEN 
El acceso confiable a la energía en zonas rurales y aisladas continúa siendo un obstáculo para el desarrollo sostenible, debido a la 
dependencia de combustibles fósiles, la limitada capacidad técnica local y los altos costos operativos. Frente a este panorama, los 
sistemas de energía autogestionados surgen como una alternativa prometedora para proporcionar soluciones energéticas autóno-
mas, escalables y de bajo mantenimiento. Este estudio identifica y clasifica tecnologías viables y metodologías de gestión, mediante 
una revisión sistemática de literatura y un análisis bibliométrico con VOSviewer, agrupando las soluciones en cinco niveles progresivos 
de autogestión, estos abarcan desde sistemas básicos con generación por combustibles fósiles hasta microrredes inteligentes con 
inteligencia artificial. Los resultados demostraron que las metodologías de gestión energética presentan distintos grados de utilidad 
según el nivel de infraestructura, debido a sus requisitos técnicos y económicos específicos. Como conclusión principal, se determinó 
que la transición energética en estas zonas debe ser gradual y adaptativa, priorizando soluciones de bajo mantenimiento y alta 
escalabilidad. El estudio enfatiza la necesidad de implementar políticas que equilibren la innovación tecnológica con las capacida-
des locales reales. 
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Introduction 

Reliable access to energy in rural and isolated areas remains a crit-
ical challenge for sustainable development, particularly in emerging 
countries [1]. However, these systems face efficiency problems, 
high operational costs, and significant environmental impact due 
to conventional electrification in these zones, which mostly de-
pend on temporary solutions like diesel-powered generators or 
fossil fuel-based systems that are costly, polluting, and unsustaina-
ble. This has driven the search for sustainable alternatives [2], [3]. 
The problem is worsened by the lack of adequate infrastructure 
and trained technical personnel in these regions, demanding inno-
vative solutions that can operate autonomously and adapt to vari-
able local conditions [4]. 

In this context, isolated areas should be understood as zones rang-
ing from dispersed rural communities to regions requiring com-
plex resource management across vast territories where popula-
tion dispersion and access difficulties hinder basic service provi-
sion [5]. These areas show high rates of unsatisfied basic needs, 
making guaranteed continuous electricity supply an opportunity to 
boost educational, health, and productive development [1]. 

These structural and social conditions significantly limit the viabil-
ity of conventional electrification models in such areas, as they re-
quire robust infrastructure, specialized technical personnel, and 
maintenance schemes that often exceed available local capacities 
[1], [4]. In this context, traditional approaches prove not only in-
efficient but also unsustainable in the long term [5]. Therefore, 
developing energy systems that don't depend on permanent ex-
ternal management but can operate autonomously, adapting to 
technical, economic, and geographic constraints, becomes crucial. 

In this scenario, identifying solutions enabling autonomous, adapt-
able, and sustainable operation in isolated areas is essential. Thus, 
we propose a systematic technological review of self-managed en-
ergy systems designed for such territories. Through a bibliometric 
analysis of scientific literature, we identify promising technologies, 
evaluate their real applicability in resource-limited environments, 
and examine minimum implementation requirements. The study 
focuses on standalone solutions, prioritizing scalable and low-
maintenance approaches. 

This research provides an updated overview of viable technologi-
cal options for energy self-management in remote areas and ana-
lyzes practical implementation challenges. The results aim to serve 
as a guide for rural electrification decision-making, highlighting 
both opportunities and limitations of these self-managed technol-
ogies for isolated zones. Through this analysis, we hope to con-
tribute to developing energy solutions that are technically robust, 
socially adaptable, and economically sustainable for these areas. 

The article is structured as follows: Methodology, based on litera-
ture review; Results, with comparative analyses and research 
trends; Discussion, focused on the applicability of self-managed 
systems in different contexts; and Conclusions, synthesizing find-
ings and future projections. 

Methodology 

For this study, a systematic literature review was conducted fo-
cusing on energy self-management technologies for rural and iso-
lated areas. The search was performed in Scopus and Web of Sci-
ence databases, applying a designed search filter (see Figure 1) 
that combines key concepts of self-managed systems, identifying 
technologies capable of operating independently and adapting to 
changing conditions. Studies focused on isolated areas without 

access to conventional electrical grids were selected, and mi-
crogrids were excluded to concentrate on simpler, scalable solu-
tions for these zones, where hybrid systems often prove more 
viable in resource-limited environments. 

 

Figure 1. Bibliographic search strategy used in the systematic literature review. 
Source: Own elaboration 
 

A From the results of the systematic review, a bibliometric analysis 
was performed using VOSviewer software to identify trends and 
the temporal evolution of key concepts in the field of autonomous 
systems for isolated areas. Figure 2 visualizes research patterns 
and highlights how technological priorities in this area have 
evolved. The size of each node represents term frequency, colors 
indicate historical clusters (terms from similar eras grouped to-
gether), and the distance between nodes reflects their relation-
ship—closer terms share contexts, while distant ones have little 
thematic connection. 

Early research primarily addressed the basic challenge of rural 
electrification with conventional solutions like diesel generators, 
offering quick, practical implementation for remote areas. Studies 
highlighted fossil fuel-based autonomous systems for energy gen-
eration in rural communities, especially where grid infrastructure 
was absent [6]. However, this initial approach, though necessary, 
soon revealed limitations in sustainability and adaptability. Hybrid 
diesel systems, while technically viable, incurred high costs and fuel 
dependence, hindering scalability in areas with limited access [7]. 

Over time, research shifted toward renewable energy and energy 
management optimization. Hybrid designs combining solar, wind, 
and hydro sources underscored the potential of autonomous sys-
tems for energy independence [8], [9]. This shift reflected growing 
awareness of solutions tailored to low-technical-capacity environ-
ments, where self-management emerges as viable—provided 
scalability and simplified maintenance are ensured. 

Recent research integrates advances in storage and digital compo-
nents. Studies like [10], [11] demonstrate how intelligent manage-
ment strategies enable self-sufficient residential systems. Frequent 
terms like smart grids and multi-objective optimization signal a 
transition toward integrated, accessible solutions addressing both 
technical and social challenges [12], [13]. 

The literature review then evaluated specific technologies imple-
mented for energy self-management in isolated areas, analyzing 
their applicability in emerging countries. This assessment identifies 
technical solutions and examines their sustainability based on fac-
tors like minimum required infrastructure, costs, and autonomous 
operation capacity. Key long-term sustainability challenges include 
limited local training and spare parts access [13]. 

While remote monitoring offers promise for reducing reliance on 
onsite specialists, it doesn’t eliminate this need entirely. Physical  
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Figure 2. Bibliometric visualization of key terms in autonomous energy systems using VOSviewer. 
Source: Own elaboration 
 

infrastructure still requires routine maintenance, onsite trouble-
shooting, and personnel with basic knowledge to execute re-
motely guided corrective actions. This synergy between digital so-
lutions and local capacity is critical for continuous system opera-
tion [14]. 

Results 

Self-management is a cornerstone for energy project sustainability, 
especially in isolated communities aiming for autonomous opera-
tion [13]. Renewable-based autonomous systems have proven 
ideal for providing energy and sanitation services in remote areas 
[10]. However, local technical gaps pose significant electrification 
challenges [1], making context-adapted management models key 
to sustainability particularly when integrating diverse renewable 
technologies [13]. 

Distinguishing microgrids from isolated areas is essential to under-
standing energy self-management in both contexts. Modern mi-
crogrids are characterized by flexibility, automation, demand re-
sponse, and diverse renewable sources [15], while isolated ar-
eas—traditionally with limited management—are evolving toward 
hybrid renewable systems seeking self-sufficiency and resource op-
timization [5], [16]. Notably, though some isolated zones may 
transition into functional microgrids, technical, economic, or geo-
graphic barriers often prevent this [17]. Table 1 contrasts their 
architectures, management capabilities, and autonomy levels. 

Off-grid autonomous energy systems require optimal integration 
of renewables and storage, where self-management relies on real-
time prediction of variable generation (solar, wind). This predictive 
capacity ensures dynamic resource management, reduces cost im-
balances, and enhances reliability amid climate fluctuations [24], 
[25]. 

Table 1. Technical and operational comparison between microgrids and isolated 
area systems 

Feature Microgrids Isolated Areas 

Definition 
Locally controlled sys-

tems operating grid-con-
nected or islanded [18]. 

Fully off-grid autonomous sys-
tems [1]. 

Operational 
Flexibility 

High flexibility, dynamic 
energy exchange adjust-

ment [19]. 

Traditionally rigid but evolving 
toward flexible solutions [6]. 

Automation 
Centralized controls, 

multi-agent systems, or 
digital assistants [20]. 

Limited, trending toward manual 
supervision [21]. 

Demand Re-
sponse 

Active load management 
strategies [9], [11]. 

Limited or no active response ca-
pacity [22]. Current integration 

includes social SCADA [23]. 

Energy 
Sources 

Hybrid with storage and 
backup [11]. 

Transitioning from diesel to hy-
brid renewables [22]. 

Management 
Models 

Public, private, or coop-
erative with local energy 

markets [10]. 

Reliant on state subsidies or 
community models [1]. 

Source: Authors 
 

Energy storage is critical to offset renewable intermittency and 
ensure reliable supply [10]. Batteries are the most common stor-
age for rural hybrid systems [26], though battery banks, while 
more cost-effective than fossil fuels like diesel cannot ensure full 
annual autonomy alone [6], [27]. Storage enables energy-self-suffi-
cient residential buildings [11] and buffers seasonal energy mis-
matches [28]. Pumped hydro storage shows promise for solar pen-
etration in small off-grid systems [29], while hydraulic storage in 
off-grid desalination tanks can replace electrochemical storage 
[30]. 
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Table 2. Methodologies and tools for autonomous energy system management 

 
Source: Authors 

 

To optimize performance and self-management, diverse strategies 
and tools are employed (summarized in Table 2), highlighting four 
key methodologies.  

Numerous studies and projects demonstrate the potential of 
these self-management technologies. A prime example is El Hierro 
Island in the Canary Islands, a case study of an off-grid island en-
ergy community seeking to enhance its energy independence 
through hybrid systems and storage. The project combines wind 
and hydro generation with a reversible pumping system that serves 
as energy storage to balance variability, reducing dependence on 
diesel fuel [8]. 

A project in Pucará (Peru) implemented a comprehensive commu-
nity management model for various renewable energy technolo-
gies, strengthening local sustainability [13]. This model integrates 
solar PV, biodigesters, and improved cookstoves within a cooper-
ative framework, where residents themselves handle basic mainte-
nance, daily operation, and local decision-making about energy use. 

In the rural community of Playa Caletones (Cuba), multi-objective 
optimization for an autonomous hybrid system with hydrogen 
storage outperformed battery-based solutions in economic and 
environmental terms [45]. 

Other studies document relevant experiences in similar contexts. 
In Nepal, the operation of completely off-grid micro-hydro plants 
in Himalayan regions - managed by community organizations - has 
been documented. These facilities operate with basic automation 
levels and rely on trained local operators for maintenance and 
control. Their sustainability has been assessed through a multi-
stakeholder participatory approach considering technical, social, 

and economic factors, confirming long-term viability even in re-
source-limited environments [46]. 

These examples underscore how self-management technologies 
and strategies are valuable for building sustainable, autonomous 
energy systems, particularly in remote locations or areas with lim-
ited infrastructure like isolated regions in Latin American emerging 
economies. Their technological and organizational diversity ena-
bles differentiated energy transition pathways, allowing each com-
munity to progressively advance toward greater autonomy ac-
cording to its technical, social, and economic capacities. 

 

Discussion  

The results reveal a diversity of technologies, management ap-
proaches, and levels of local adoption in energy systems imple-
mented in isolated areas. This discussion focuses on analyzing how 
self-management is configured in such systems, considering their 
evolution, sustainability factors, and achievable autonomy levels. 
To this end, we propose a progressive classification to character-
ize different levels of energy self-management and understand the 
technical, organizational, and social elements that support them. 

Self-management in autonomous energy systems spans a spectrum 
of capabilities ranging from total dependence to fully predictive, 
intelligent operation. Based on the reviewed information, self-
management can be divided into five progressive levels, where 
each level builds upon the previous one, adding layers of complex-
ity and autonomy while maintaining viability for different popula-
tion scales. This classification helps understand how systems can 
evolve from basic solutions to highly intelligent schemes, depend-
ing on available resources, community capabilities, and technical 
objectives. 

Methodology Tool Definition Applicability References 

Integrated Management Models 
Community-based approach integrating multiple re-
newable energy technologies and basic services (e.g., 
sanitation), designed to adapt to future innovations. 

Enables scalability in rural areas with similar needs, 
along with efficient coordination and operation among 
distributed energy resources and storage systems. 

[13], [31], 
[32] 

Optimization 
and simulation 
of system de-

sign 

Optimization with 
HOMER 

Simulation software that analyzes lifecycle costs, phys-
ical efficiency, and economic feasibility of autonomous 
energy systems. 

Used to compare hybrid system designs (e.g., solar-
diesel-batteries) and optimize grid configurations con-
sidering costs and available resources. 

[6], [18], 
[33], [34] 

Dynamic Simulation 
Flexible energy system modeling platform that simu-
lates real-time variables such as consumption, emis-
sions, and costs. 

Applied in microgrids and off-grid systems to evaluate 
operation under variability and the integration of re-
newables and storage. 

[8], [19], 
[35] 

Basic Strategies 
for Energy Self-

management 

Intelligent Load 
Management 

Technique that adjusts the consumption of equipment 
(e.g., water pumps) based on renewable energy availa-
bility, reducing storage needs. 

Enhances stability and decreases storage system re-
quirements by dynamically balancing demand and sup-
ply, thereby lowering solution costs. 

[9], [25] 

MILP Scheduling 

Optimization algorithm (Mixed-Integer Linear Pro-
gramming) that plans generator and battery usage to 
minimize costs and maximize comfort. 

Balances generation, storage, and demand in off-grid 
complex networks and isolated households. Efficiently 
solves energy management problems due to its sim-
plicity and optimization effectiveness. 

[12], [36] 

Advanced con-
trol and moni-

toring 

Multi-Agent Systems 
(MAS) 

Decentralized controller network that negotiates en-
ergy resource management (e.g., solar panels, batter-
ies). 

Enables seamless integration of new equipment and 
operational optimization without centralized control, 
facilitating coordination of distributed resources. 

[37], [38], 
[39] 

Sliding Mode Con-
trol in ORC 

Technique that adjusts pressure in Organic Rankine 
Cycle systems to maintain efficiency under variable 
loads. 

Critical in off-grid power plants using waste heat or 
biomass. 

[40], [41] 

Multi-Temporal 
Scale Control 

Strategy coordinating hybrid microgrids to prevent 
outages or energy waste. Manages resources and stor-
age across different time horizons and dynamics. 

Used in industrial or rural communities with high re-
newable penetration and diverse demand. Proposes a 
multi-level control architecture to regulate voltage, 
frequency, and power. 

[20], [42] 

AI-Powered Digital 
Assistant 

Artificial intelligence tool processing natural language 
to aid grid operators during emergencies, including 
self-management, IoT integration, and self-healing sys-
tem capabilities. 

Reduces human error in critical situations via voice or 
text commands. Can also issue user alerts for active 
demand response. 

[43], [44] 
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Level 0 refers to traditional electrification solutions without self-
management, lacking any internal management mechanism and de-
pending entirely on external intervention or unmanaged energy 
sources like diesel generators. Management is weak, a common 
cause of failure in many energy projects. These systems are typi-
cally inefficient and polluting [13]. 

Level 1 incorporates basic self-management focused on system op-
eration and maintenance, often with initial community participa-
tion. The goal is maintaining operation of implemented renewable 
energy technologies or hybrid systems. This level is frequently ob-
served in initial rural electrification projects, where local users as-
sume basic tasks like activation, cleaning, or manual fault verifica-
tion. 

Level 2 comprises a more sophisticated and participatory manage-
ment model that integrates multiple renewable energy technolo-
gies and basic public services. The approach strengthens local sus-
tainability through training of local human resources and demand 
participation. The model is designed to be adaptable and accom-
modate future technologies. Here, communities begin making de-
cisions about consumption, internal tariffs, and rational resource 
use, supported by periodic technical training and cooperative 
schemes. 

Level 3 systems not only manage but actively optimize energy 
flows and load operation to maximize efficiency, reduce costs, and 
improve reliability. They incorporate energy use flexibility and 
storage solutions. The objective is near-total energy self-suffi-
ciency for the community. These systems include intelligent con-
trollers, load prioritization algorithms, and digital tools allowing 
users to modify usage patterns based on energy availability. 

Level 4 systems consist of microgrids or integrate distributed en-
ergy resources operating with high local autonomy and mutual co-
ordination. The emphasis is on robustness, self-healing, and opti-
mized energy transactions within the community. This level fea-
tures self-healing systems capable of reconfiguring after failures, 
adaptive protections responding to dynamic operating conditions, 
and decentralized architectures maintaining supply during disturb-
ances or partial disconnections. 

Finally, Level 5 represents the highest self-management level, 
where systems are highly intelligent, predictive, and self-adaptive, 
using artificial intelligence to proactively optimize operation, pre-
dict anomalies, and make complex decisions with minimal human 
intervention. These systems also aim to maximize multiple eco-
nomic and environmental objectives while ensuring user comfort. 
They employ advanced data analytics, machine learning, and in-
teroperable digital platforms enabling comprehensive real-time 
management that dynamically adapts to operating conditions and 
evolving community needs. Though their implementation in rural 
areas remains incipient, they represent a horizon toward which 
autonomous energy solutions could evolve. 

Table 3 summarizes the energy self-management levels, their re-
quirements, and viability ranges according to the required equip-
ment. 

The proposed analysis reveals that many systems identified in the 
literature review remain at low self-management levels. Particu-
larly prevalent are basic schemes where communities participate 
in routine operation and maintenance but depend on external 
agents for diagnostics, repairs, or strategic decision-making. This 
situation limits systems' technical sustainability in the medium to 
long term and restricts their adaptation capacity to contextual or 
climatic changes. 

Table 3. Requirements and viability ranges for different levels of autonomous 
energy management 

Level Requirements Population Range (Profitabil-
ity) 

0 Diesel generator or solar panels 
without storage/control. 

Not profitable (only for emergen-
cies in communities <20 people). 
High operational costs [17]. 

1 Solar/micro-hydro systems with 
diesel generator backup. 

Profitable for individual house-
holds or remote groups <20 
dwellings. Limited sustainability 
without active management [24]. 

Basic operation and mainte-
nance training. 

2 Hybrid systems with lead-acid 
battery storage and centralized 
control. 

Profitable for entire communities 
(50-300 people) [47]. High profit-
ability with energy autonomy be-
tween 12-24 hours [48]. Optimal system design. 

Community management. 
3 Lithium-ion batteries, pumped 

hydro or tank storage. 
From households to villages/is-
lands (100-1000 people) [47]. Re-
duces costs by 39-57% with load 
flexibility [13]. 

Energy management systems 
and active demand response. 
Smart valves and smart meter-
ing. 

4 Microgrids with decentralized 
control systems. 

Community networks (500-5000 
people) [47]. Reduces annual costs 
by 3-72% with decentralized trans-
actions [13]. 

Local energy trading. 

5 Predictive AI. From households to cities. Profit-
able with policies and technologies 
enabling 75% self-sufficiency in 
maintenance and operation per-
sonnel [13]. 

Weather condition sensors. 
Digital assistants. 

Source: Authors 
 
Moreover, rural communities face challenges like storage costs 
and infrastructure gaps, relegating them to simple community 
models [47]. Thus, the transition toward self-sufficient systems re-
mains an opportunity for these isolated areas, but implementation 
must adapt to local realities through scalable, economically viable 
solutions [13]. As the study shows, while communities with limited 
resources can start with basic Level 0-2 systems [49], those with 
greater economic capacity can aspire to hybrid systems (Level 3) 
integrating renewables with storage [47]. Only a few communities 
- typically with access to external funding - can implement smart 
microgrids (Levels 4-5) with decentralized control and energy 
trading [50]. 

Based on the self-management level table and the common energy 
management methodologies presented in Table 2, Figure 3 pro-
poses the applicability of these methodologies across self-manage-
ment levels according to their complexity and technical/economic 
requirements.  

 

Figure 3. Applicability of energy management methodologies across levels of au-
tonomous operation  
Source: Authors 
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Integrated management models require basic infrastructure, cen-
tralized control, and community capacity, making them unviable 
for Levels 0-1 due to lack of storage and control. System design 
optimization/simulation is useful for hybrid systems in small com-
munities but limited at higher levels by lack of data or connectivity. 
Basic self-management strategies requiring smart metering, intelli-
gent valves, and demand response are viable from Level 3-5. Fi-
nally, intelligent monitoring/control is only viable in systems with 
high automation and historical data access found at Level 5. 

The analysis demonstrates that the transition toward self-sufficient 
energy systems in isolated areas isn't linear but must adapt to spe-
cific technical, economic, and social realities. Although technolo-
gies like AI models and smart microgrids offer maximum benefits, 
their implementation isn't viable for all communities, necessitating 
scalable solutions. 

Conclusions 

The transition toward autonomous energy systems in isolated ar-
eas requires a systematic approach where each community pro-
gresses according to its technical and economic capacities. Priority 
should be given to low-maintenance solutions like hybrid systems 
and scalable, modular designs allowing future upgrades. This is cru-
cial to ensure long-term sustainability and avoid implementing 
technologies that prove unviable due to lack of infrastructure or 
local operational knowledge. 

Policies are needed that promote technological innovation aligned 
with local realities. This requires adapted funding for scalable pilot 
projects, basic community technical training programs, and flexible 

regulatory frameworks enabling progressive integration of these 
self-management tools. This approach could enhance energy inde-
pendence in isolated areas without imposing standardized models 
that ignore geographic, cultural, and socioeconomic diversity. 

 

Acknowledgements 

The authors would like to acknowledge the support for the pro-
ject entitled "Identificación de Estrategias y Criterios para la Elec-
trificación Sostenible en comunidades Rurales Aisladas de 
Economías Emergentes", HERMES code 62627, executed through 
the Vicedecanatura de Investigación y Extensión of the Facultad de 
Ingeniería y Arquitectura. 

 

Author contributions 

All authors contributed to the conceptualization, writing, and re-
vision of the article. A.M.B. led methodological design and data 
analysis. S.X.C.Q. and D.L.G. validated results and supervised the 
theoretical framework. All authors participated in editing and ap-
proved the final manuscript. 

Conflicts of interest 

The authors declare any type of conflict of interest. 

 

 

References  

[1] Márquez-Bedoya, A., Carvajal-Quintero, S. X., & López-García, 
D. (2025). Energía sostenible en zonas aisladas de América La-
tina: revisión de la integración del enfoque WEF Nexus para im-
pulsar el desarrollo rural. Información tecnológica, 36(1), 1–
14. https://doi.org/10.4067/s0718-07642025000100001 

[2] Alam, M. M., Hossain, M. J., Zamee, M. A., & Al-Durra, A. (2025). 
Design and operation of future low-voltage community 
microgrids: An AI-based approach with real case study. Applied 
Energy, 377, 124523. https://doi.org/10.1016/j.ape-
nergy.2024.124523 

[3] Arango-Manrique, A., López-García, D., Arango-Lemoine, C., & 
Carvajal-Quintero, S. X. (2021). Business Model Proposal for En-
ergy Transition towards Operational and Economic Sustainability 
for Rural Electrification: Colombian Case. Sustainability, 13(8), 
4308. https://doi.org/10.3390/su13084308 

[4] Gaona, E. E., Trujillo, C. L., & Guacaneme, J. A. (2015). Rural mi-
crogrids and its potential application in Colombia. Renewable 
and Sustainable Energy Reviews, 51, 125–
137. https://doi.org/10.1016/j.rser.2015.04.176 

[5] Granit, I. (2023). What makes Colombia’s indigenous peoples 
adopt microgrids? Social acceptance and financial constraints 
in renewable energy diffusion. Energy Research & Social Sci-
ence, 101, 103132. https://doi.org/10.1016/j.erss.2023.103132 

[6] Ma, T., Yang, H., & Lu, L. (2015). Study on stand-alone power 
supply options for an isolated community. International Journal 
of Electrical Power & Energy Systems, 65, 1–
11. https://doi.org/10.1016/j.ijepes.2014.09.023 

[7] J. C. Alberizzi, J. M. Frigola, M. Rossi, and M. Renzi, “Optimal siz-
ing of a Hybrid Renewable Energy System: Importance of data 
selection with highly variable renewable energy sources,” Energy 
Convers Manag, vol. 223, p. 113303, 2020, doi: 
https://doi.org/10.1016/j.enconman.2020.113303. 

 

 

 

[8] Barone, G., Buonomano, A., Forzano, C., Giuzio, G. F., & Pa-
lombo, A. (2021). Increasing renewable energy penetration and 
energy independence of island communities: A novel dynamic 
simulation approach for energy, economic, and environmental 
analysis, and optimization. Journal of Cleaner Production, 311, 
127558. https://doi.org/10.1016/j.jclepro.2021.127558 

[9] Shareef, H., Ahmed, M. S., Mohamed, A., & Al Hassan, E. (2018). 
Review on Home Energy Management System Considering 
Demand Responses, Smart Technologies, and Intelligent 
Controllers. IEEE Access, 6, 24498–
24509. https://doi.org/10.1109/ACCESS.2018.2831917 

[10] Berna-Escriche, C., Vargas-Salgado, C., Alfonso-Solar, D., & Es-
crivá-Castells, A. (2022). Can a fully renewable system with stor-
age cost-effectively cover the total demand of a big scale 
standalone grid? Analysis of three scenarios applied to the 
Grand Canary Island, Spain by 2040. Journal of Energy Storage, 
52, 104774. https://doi.org/10.1016/j.est.2022.104774 

[11] Knosala, K., et al. (2021). Hybrid Hydrogen Home Storage for 
Decentralized Energy Autonomy. International Journal of 
Hydrogen Energy, 46(42), 21748–
21763. https://doi.org/10.1016/j.ijhydene.2021.04.036 

[12] Elazab, R., Saif, O., Metwally, A. M. A. A., & Daowd, M. (2021). 
Mixed integer smart off-grid home energy management 
system. Energy Reports, 7, 9094–
9107. https://doi.org/10.1016/j.egyr.2021.11.227 

[13] Lillo, P., Ferrer-Martí, L., Fernández-Baldor, Á., & Ramírez, B. 
(2015). A new integral management model and evaluation 
method to enhance sustainability of renewable energy projects 
for energy and sanitation services. Energy for Sustainable Devel-
opment, 29, 1–12. https://doi.org/10.1016/j.esd.2015.08.003 

[14] Talluri, G., Lozito, G. M., Grasso, F., Garcia, C. I., & Luchetta, A. 
(2021). Optimal Battery Energy Storage System Scheduling within 
Renewable Energy Communities. Energies, 14(24), 
8480. https://doi.org/10.3390/en14248480 



 

                         SICEL XII    7 

[15] Dehghani, M., & Nazaripouya, H. (2023). An Optimized Fuzzy 
Adaptive Distributed Secondary Controller for Micro Grids. 
In 2023 North American Power Symposium (NAPS) (pp. 1–5). 
IEEE. https://doi.org/10.1109/NAPS58826.2023.10318552 

[16] Jayachandran, M., & Ravi, G. (2019). Decentralized model 
predictive hierarchical control strategy for islanded AC mi-
crogrids. Electric Power Systems Research, 170, 92–
100. https://doi.org/10.1016/j.epsr.2019.01.010 

[17] Colmenares-Quintero, R. F., Maestre-Gongora, G., Valder-
rama-Riveros, O. C., Baquero-Almazo, M., & Stansfield, K. E. 
(2023). A Data-Driven Architecture for Smart Renewable Energy 
Microgrids in Non-Interconnected Zones: A Colombian Case 
Study. Energies, 16(23), 7900. https://doi.org/10.3390/en16237900 

[18] Santos, L. H. S., Silva, J. A. A., Lopez, J. C., Arias, N. B., Rider, M. 
J., & Da Silva, L. C. P. (2021). Integrated Optimal Sizing and 
Dispatch Strategy for Microgrids Using HOMER Pro. In *2021 IEEE 
PES Innovative Smart Grid Technologies Conference - Latin 
America (ISGT Latin America)* (pp. 1–5). 
IEEE. https://doi.org/10.1109/ISGTLatinAmerica52371.2021.95430
15 

[19] Mbungu, N. T., et al. (2025). A dynamic coordination of 
microgrids. Applied Energy, 377, 
124486. https://doi.org/10.1016/j.apenergy.2024.124486 

[20] Zhao, Z., Xu, Z., Guo, J., Yang, P., & Lai, L. L. (2020). Multi-Time 
Scale Regional Autonomous Operation Strategy for Multi-
Microgrids With Three-Phase/Single-Phase Hybrid Structure. IEEE 
Access, 8, 85923–85938. https://doi.org/10.1109/AC-
CESS.2020.2991984 

[21] López-González, A., Ferrer-Martí, L., & Domenech, B. (2019). 
Sustainable rural electrification planning in developing countries: 
A proposal for electrification of isolated communities of Vene-
zuela. Energy Policy, 129, 327–338. https://doi.org/10.1016/j.en-
pol.2019.02.041 

[22] Zabala, A. R., López-García, D., Carvajal-Quintero, S. X., & 
Manrique, A. A. (2021). A Comprehensive Review of Sustainability 
in Isolated Colombian Microgrids. Tecnura, 25(70), 126–
145. https://doi.org/10.14483/22487638.18619 

[23] Álvarez-Tarapuéz, E., Arango-Lemoine, C., Carvajal, S., & Ló-
pez-García, D. (2023). Methodological Proposal: First Steps for the 
Implementation of Demand Management Programs in 
Colombia. Revista UIS Ingenierías, 
22. https://doi.org/10.18273/revuin.v22n4-2023012 

[24] Petrakopoulou, F., Robinson, A., & Loizidou, M. (2016). 
Simulation and analysis of a stand-alone solar-wind and 
pumped-storage hydropower plant. Energy, 96, 676–
683. https://doi.org/10.1016/j.energy.2015.12.049 

[25] Watson, S., Bian, D., Sahraei, N., Winter, A. G., Buonassisi, T., & 
Peters, I. M. (2018). Advantages of operation flexibility and load 
sizing for PV-powered system design. Solar Energy, 162, 132–
139. https://doi.org/10.1016/j.solener.2018.01.022 

[26] Yahiaoui, A., Tlemçani, A., & Labbadlia, O. (2024). 
Development of an intelligent solution for the optimization of a 
hybrid system using renewable energy sources. Wind 
Engineering, 48(5), 804–
823. https://doi.org/10.1177/0309524X241227432 

[27] Kleinebrahm, M., Weinand, J. M., Naber, E., McKenna, R., 
Ardone, A., & Fichtner, W. (2023). Two million European single-
family homes could abandon the grid by 2050. Joule, 7(11), 2485–
2510. https://doi.org/10.1016/j.joule.2023.09.012 

[28] Fokkema, J. E., uit het Broek, M. A. J., Schrotenboer, A. H., Land, 
M. J., & Van Foreest, N. D. (2022). Seasonal hydrogen storage de-
cisions under constrained electricity distribution capacity. Re-
newable Energy, 195, 76–
91. https://doi.org/10.1016/j.renene.2022.05.170 

[29] Ma, T., Yang, H., Lu, L., & Peng, J. (2015). Pumped storage-
based standalone photovoltaic power generation system: 
Modeling and techno-economic optimization. Applied Energy, 
137, 649–659. https://doi.org/10.1016/j.apenergy.2014.06.005 

[30] Ben Ali, I., Turki, M., Belhadj, J., & Roboam, X. (2020). Systemic 
design and energy management of a standalone battery-less 
PV/Wind driven brackish water reverse osmosis desalination 
system. Sustainable Energy Technologies and Assessments, 42, 
100884. https://doi.org/10.1016/j.seta.2020.100884 

[31] Ahmad, S., Shafiullah, M., Ahmed, C. B., & Alowaifeer, M. 
(2023). A Review of Microgrid Energy Management and Control 
Strategies. IEEE Access, 11, 21729–
21757. https://doi.org/10.1109/ACCESS.2023.3248511 

[32] Ali, Z. M., Calasan, M., Aleem, S. H. E. A., Jurado, F., & Gando-
man, F. H. (2023). Applications of Energy Storage Systems in 
Enhancing Energy Management and Access in Microgrids: A 
Review. Energies, 16(16), 
5930. https://doi.org/10.3390/en16165930 

[33] Syed, M. S., Prasanth, B. V., Kumaraswamy, I., Raju, B. S., 
Ramya, P. S., & Rao, Y. R. (2025). Design and Economic Optimiza-
tion of Microgrid. E3S Web of Conferences, 616, 
01009. https://doi.org/10.1051/e3sconf/202561601009 

[34] Çetinbaş, İ., Tamyürek, B., & Demirtaş, M. (2019). Design, 
Analysis and Optimization of a Hybrid Microgrid System Using 
HOMER Software: Eskişehir Osmangazi University 
Example. International Journal of Renewable Energy 
Development, 8(1), 65–79. https://doi.org/10.14710/ijred.8.1.65-
79 

[35] Thanos, A. E., Bastani, M., Celik, N., & Chen, C.-H. (2017). 
Dynamic Data Driven Adaptive Simulation Framework for 
Automated Control in Microgrids. IEEE Transactions on Smart 
Grid, 8(1), 209–218. https://doi.org/10.1109/TSG.2015.2464709 

[36] Meng, L., Zhang, C., Ren, Y., Zhang, B., & Lv, C. (2020). Mixed-
integer linear programming and constraint programming 
formulations for solving distributed flexible job shop scheduling 
problem. Computers & Industrial Engineering, 142, 
106347. https://doi.org/10.1016/j.cie.2020.106347 

[37] Basaran, K., Cetin, N. S., & Borekci, S. (2017). Energy 
management for on‐grid and off‐grid wind/PV and battery 
hybrid systems. IET Renewable Power Generation, 11(5), 642–
649. https://doi.org/10.1049/iet-rpg.2016.0545 

[38] Altin, N., Eyimaya, S. E., & Nasiri, A. (2023). Multi-Agent-Based 
Controller for Microgrids: An Overview and Case Study. Energies, 
16(5), 2445. https://doi.org/10.3390/en16052445 

[39] Tazi, K., Abbou, F. M., & Abdi, F. (2020). Multi-agent system for 
microgrids: design, optimization and performance. Artificial 
Intelligence Review, 53(2), 1233–
1292. https://doi.org/10.1007/s10462-019-09695-7 

[40] Usman, M., Imran, M., Lee, D. H., & Park, B.-S. (2017). 
Experimental investigation of off-grid organic Rankine cycle 
control system adapting sliding pressure strategy under 
proportional integral with feed-forward and 
compensator. Applied Thermal Engineering, 110, 1153–
1163. https://doi.org/10.1016/j.applthermaleng.2016.09.021 

[41] Wang, Z., Xie, B., Xia, X., Luo, L., Yang, H., & Li, X. (2023). Entropy 
production analysis of a radial inflow turbine with variable inlet 
guide vane for ORC application. Energy, 265, 
126313. https://doi.org/10.1016/j.energy.2022.126313 

[42] Hou, J., Yu, W., Xu, Z., Ge, Q., Li, Z., & Meng, Y. (2023). Multi-
time scale optimization scheduling of microgrid considering 
source and load uncertainty. Electric Power Systems Research, 
216, 109037. https://doi.org/10.1016/j.epsr.2022.109037 

[43] Pannala, S., Srivastava, A. K., Kandaperumal, G., & 
Sadanandan, S. K. (2022). DINGO: Digital assistant to grid 
operators for resilience management of power distribution 
system. Electric Power Systems Research, 210, 
108076. https://doi.org/10.1016/j.epsr.2022.108076 

[44] Joshi, A., Capezza, S., Alhaji, A., & Chow, M.-Y. (2023). Survey 
on AI and Machine Learning Techniques for Microgrid Energy 
Management Systems. *IEEE/CAA Journal of Automatica Sinica, 
10*(7), 1513–1529. https://doi.org/10.1109/JAS.2023.123657 



 

                         SICEL XII    8 

[45] T. Khan, M. Waseem, M. Tahir, S. Liu, and M. Yu, “Autonomous 
hydrogen-based solar-powered energy system for rural electrifi-
cation in Balochistan, Pakistan: An energy-economic feasibility 
analysis,” Energy Convers Manag, vol. 271, p. 116284, Jun. 2022, 
https://doi.org/10.1016/j.enconman.2022.116284 

[46] Bhandari, R., Saptalena, L. G., & Kusch, W. (2018). Sustainability 
assessment of a micro hydropower plant in Nepal. Energy, 
Sustainability and Society, 8(1), 3. https://doi.org/10.1186/s13705-
018-0147-2 

[47] Ming, M., Wang, R., Zha, Y., & Zhang, T. (2017). Multi-Objective 
Optimization of Hybrid Renewable Energy System Using an 
Enhanced Multi-Objective Evolutionary Algorithm. Energies, 
10(5), 674. https://doi.org/10.3390/en10050674 

[48] Canziani, F., Vargas, R., & Gastelo-Roque, J. A. (2021). Hybrid 
Photovoltaic-Wind Microgrid With Battery Storage for Rural Elec-
trification: A Case Study in Perú. Frontiers in Energy Research, 
8. https://doi.org/10.3389/fenrg.2020.528571 

[49] Zheng, P., Fang, Z., Li, H., Pan, Y., Luo, D., & Zhang, Z. (2022). 
Multi-objective optimization of hybrid energy management 
system for expressway chargers. Journal of Energy Storage, 54, 
105233. https://doi.org/10.1016/j.est.2022.105233 

[50] Chen, D., Chen, K., Li, Z., Yao, R., Qiu, F., & Lin, K. (2021). 
PowerNet: Multi-Agent Deep Reinforcement Learning for 
Scalable Powergrid Control. IEEE Transactions on Power Systems, 
PP, 1. https://doi.org/10.1109/TPWRS.2021.3100898 

 
  

 

 


