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ABSTRACT 

Renewable energy trading is evolving in an effort to create a fairer, more 
efficient, and more sustainable energy system by involving the public as 
prosumers. However, its implementation faces problems such as lack of 
trust, data insecurity, and limited digital infrastructure. Blockchain 
offers a solution to ensure the transparency and immutability of 
transactions, while decentralised finance strengthens the ecosystem 
through participatory financing, incentives, and energy tokenisation. 
This study uses the Kitchenham systematic literature review method on 
33 Scopus articles to identify trends, problems, and development 
directions. The results demonstrate the potential of smart contracts and 
decentralised finance, although regulatory barriers and asset volatility 
remain significant. 

 OPSOMMING  

Hernubare energiehandel ontwikkel as ’n poging om ’n billiker, meer 
doeltreffende en meer volhoubare energiestelsel te skep deur die 
publiek as prosumers te betrek. Die implementering daarvan staar egter 
uitdagings in die gesig soos vertroue, datasekuriteit, en beperkte 
digitale infrastruktuur. Blokkettingtegnologie bied ’n oplossing om 
deursigtigheid en onveranderlikheid van transaksies te verseker, terwyl 
gedesentraliseerde finansiering die ekosisteem versterk deur 
deelnemende finansiering, aansporings, en energietokenisering. Hierdie 
studie gebruik die Kitchenham sistematiese literatuuroorsig metode op 
33 Scopus-artikels om tendense, uitdagings, en ontwikkelingsrigtings te 
identifiseer. Die resultate demonstreer die potensiaal van slimkontrakte 
en gedesentraliseerde finansiering, hoewel regulatoriese hindernisse en 
bate-wisselvalligheid steeds beduidend bly. 

 

 

 

 

1. INTRODUCTION 

Energy trading is emerging as an innovative approach to distributing energy more efficiently and 
empowering active community participation in the renewable energy ecosystem [1], [2]. In this scheme, 
consumers, who also act as energy producers or prosumers, can trade energy directly without the 
involvement of conventional intermediaries, creating more flexible pricing dynamics and significant 
distribution cost efficiencies [3], [4]. However, the implementation of this model still faces fundamental 
difficulties, particularly related to transparency, transaction security, and digital infrastructure readiness 
[5], [6].  

Blockchain presents itself as a potential solution to these problems. With its decentralised and immutable 
characteristics, this technology is capable of providing a transparent and auditable real-time energy 
transaction recording system [1], [7]. The use of smart contracts enables the automation of transactions 
between users without the involvement of third parties, while ensuring adherence to pre-programmed 
business logic [2], [5]. Furthermore, the concept of tokenisation in blockchain provides a new way to 
represent energy value as a digital asset that can be exchanged and monetised in a broader market. This 
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approach makes energy trading not only more efficient but also more inclusive and democratic, supporting 
the shift towards a more sustainable energy system [1], [7]. 

Along with the advancement of blockchain technology, innovations in the decentralised finance (DeFi) 
sector have also emerged. DeFi expands the potential of blockchain by providing financial services without 
the need for traditional financial institutions, such as banks or insurance companies [3], [5]. In the energy 
context, DeFi can be used to fund small-scale projects such as community microgrids with adaptive, 
performance-based financing models [6], [7]. With the support of smart contracts, disbursement and 
payment processes can be directly linked to the energy output produced, creating greater transparency 
and efficiency [2], [8]. This model enables communities with limited capital to participate actively in the 
energy market, while still receiving protection through technology-based mechanisms [4], [9]. 
Furthermore, the integration of DeFi into the peer-to-peer (P2P) energy ecosystem opens up opportunities 
for payment automation, dynamic tariff setting, and performance-based incentives for prosumers [1], [3], 
supporting the principles of decentralisation and sustainability [5], [6]. 

Many studies have shown that blockchain has been used effectively to create accurate and transparent 
energy tracking systems, particularly in the context of renewable energy [1], [9]. Trust in the quantity and 
quality of traded energy is a crucial aspect that could be improved through blockchain-based record-
keeping systems [3], [7]. One emerging innovation is blockchain-based energy certification, which allows 
each unit of energy to be encoded as a digital asset and traceable to its source, as has been piloted in 
various community solar energy projects [5], [10]. In addition, the integration of blockchain with small-
scale energy systems allows for smoother connectivity and integration into the national energy grid, without 
compromising the overall stability of the system [4], [7]. In fact, the implementation of a smart grid 
integrated with blockchain opens up opportunities for participatory demand management, with the support 
of the Internet of Things (IoT) and artificial intelligence (AI) technologies to enhance automated data-
driven decision-making [6], [10]. Thus, the synergy between blockchain, DeFi, and digital energy 
technologies is a significant milestone in the transition towards a smarter and more adaptive future energy 
ecosystem [3], [5]. 

However, the adoption of this technology still faces various structural barriers. In many regions, limited 
digital infrastructure, unprepared legal frameworks, and low technological literacy are major barriers [5], 
[6]. The implementation of blockchain and DeFi systems requires stable internet connectivity, reliable 
hardware, and user understanding of the risks and benefits of the digital systems being used [7], [9]. 
Furthermore, the lack of global standards for interoperability between blockchain-based energy trading 
systems complicates cross-border collaboration [2], [4]. Equally important, the price volatility of crypto 
assets that form the backbone of the DeFi ecosystem also increases the economic risks in energy 
transactions [3], [9]. Several studies suggest a hybrid approach – combining conventional systems with new 
technologies – as a realistic transition step [1], [6]. The active role of government, regulators, industry, 
and the education sector is key to building adaptive governance and encouraging inclusive adoption of this 
technology [5], [7]. Incentive strategies and digital literacy programmes at the grassroots level are essential 
to expand public participation in a fair and sustainable way [4], [9]. 

Given the urgency of this issue, this article aims to conduct a systematic review of the trends, difficulties, 
and development directions of the P2P energy trading ecosystem supported by the integration of blockchain 
and DeFi [1], [4]. This review is based on an analysis of the scientific literature indexed in reputable 
databases such as Scopus, with a focus on the application of blockchain technology to increase efficiency 
and transparency in energy transactions [2], [5]. This article also examines the contribution of DeFi in 
creating innovative financing and incentive schemes for renewable energy projects [5], [6]. Implementation 
barriers in various countries, as well as supporting policies, are also discussed to provide a comprehensive 
perspective [5], [9]. It is hoped that this study could provide conceptual and practical contributions to the 
development of a more equitable, transparent, and participatory energy system in the era of global energy 
transition [1], [3], [6], [9]. 

2. METHODOLOGY 

This study uses an SLR approach to explore how blockchain technology and DeFi are integrated into P2P 
renewable energy trading systems, particularly in the context of supporting the transition to sustainable 
energy. This approach is designed to provide a comprehensive understanding of the trends, problems, and 
opportunities reflected in the published scientific literature. To ensure the transparency and quality of the 
selection process, this study follows the Kitchenham model [11], which has been widely used in cross-
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disciplinary systematic review studies. Data was collected from Scopus, a leading scientific database known 
for the coverage and quality of its publications in the technology and energy fields.  

 
Figure 1: Steps in the systematic literature review 

2.1. Study planning at the initial stage 

This stage established the research objectives, formulated the research questions, and developed a study 
protocol that included a keyword search strategy and inclusion-exclusion criteria. This step ensured that 
the study process had a clear direction from the start. At this stage, two main approaches were used to 
analyse the selected articles: one strategy was thematic analysis to identify the primary research focus, 
the difficulties with implementation, and the development directions of blockchain and DeFi technology in 
the context of energy trading. The second strategy was bibliometric analysis to explore the dominant 
keywords, institutional affiliations, the most prolific authors, and collaboration patterns across countries. 
This process was aided by R Studio software and Microsoft Excel to map the conceptual trends visually and 
comprehensively.  

The research questions were the following:  

• RQ1: How have research trends related to the integration of blockchain and DeFi technologies in 
peer-to-peer energy trading systems evolved from 2019 to 2025 to support energy sustainability? 
This question aimed to identify publication patterns, growth in the literature, dominant topics, 
and the evolution of concepts in this domain, based on bibliometric data.  

• RQ2: What are the main difficulties faced in implementing blockchain and DeFi-based peer-to-
peer energy trading, from technical, regulatory, and social perspectives? This question aimed to 
explore the barriers to implementation reported in the literature, such as infrastructure 
limitations, low user trust, token volatility, and regulatory gaps.  

• RQ3: What technological development directions and potential solutions do previous studies offer 
for integrating blockchain and DeFi in distributed energy systems? This question aimed to examine 
the innovations and strategies proposed in the literature, such as the use of smart contracts, 
energy tokenisation, AI-IoT for real-time monitoring, and DeFi-based economic incentive models. 

2.2. Conducting the review 

A comprehensive literature search was conducted in the selected database using predetermined keywords. 
The following actions were carried out: The initial step involved developing a search strategy using the 
following keyword combination: “blockchain” AND “DeFi” AND (“peer-to-peer energy trading” OR 
“renewable energy”). The timeframe was limited to 2019 to 2025, with the aim of capturing current trends. 
Selected articles had to meet several criteria: published in a reputable indexed journal or proceedings; 
written in English; focused on the topic of blockchain integration, DeFi, and/or renewable energy; retrieved 
from the Scopus database using the title search field only. Articles that were too general, were not directly 
relevant, or were reviews without analytical contributions were excluded from the analysis. 
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2.3. Study selection and quality assessment 

Articles that passed the screening stage were then read in full to assess their topic suitability and 
methodological quality, ensuring that only relevant and credible studies were retained. Topic validation 
was conducted through triangulation between the abstract, keywords, and main content of the article. 
Furthermore, the findings were compared with similar studies to ensure relevance and context. This study, 
which included 33 scientific publications indexed in the Scopus database, focused on the integration of 
blockchain technology, decentralised finance (DeFi), and distributed energy systems. 

2.4. Data extraction and synthesis 

The process began with systematic data extraction using a dedicated form to record the study’s identity, 
research objectives, methodology, technology used, main results, and limitations. After all the data had 
been collected, a thematic analysis was conducted to group the findings into relevant themes and 
subthemes, and a narrative synthesis was conducted to compare, connect, and explain patterns between 
the studies. The final results were summary tables, thematic maps, and comprehensive narratives that 
answered the research questions and identified research gaps. 

3. RESULTS AND ANALYSIS 

This study analysed 33 scientific publications indexed in the Scopus database, focusing on the integration 
of blockchain technology, decentralised finance (DeFi), and distributed energy systems. The study revealed 
that the use of blockchain in the energy sector not only opens up significant opportunities for creating more 
efficient and decentralised systems, but also presents complex new problems, particularly in the technical, 
regulatory, and social domains. Over the past five years, publication trends in this area have increased 
significantly, reflecting global enthusiasm for the topic. Many studies highlight the potential of smart 
contracts in automating energy transactions, the use of tokens as representations of energy value, and the 
use of DeFi-based incentive mechanisms to strengthen public participation in community-based energy 
systems. These findings illustrate that the integration of digital technology in the energy sector is not simply 
a technical innovation, but rather a structural transformation involving various multidisciplinary aspects. 

3.1. RQ1: How have research trends related to the integration of blockchain and DeFi technologies 
in peer-to-peer energy trading systems evolved over the past five years to support energy 
sustainability? 

3.1.1. Research publication trend related to integration 

Figure 2 shows the publication trend from 2019 to 2025; the number of publications discussing the 
integration of blockchain and DeFi technologies in peer-to-peer (P2P) energy trading has increased 
significantly. This trend reflects the growing attention of researchers to efforts to create more transparent, 
efficient, and participatory energy systems amid the global push towards renewable energy. The most 
striking spike occurred in 2024 and 2025, indicating that this topic has become a significant part of the 
digital energy research agenda in various countries. During this period, publications often addressed themes 
such as smart contracts, energy tokenisation, and DeFi-based microgrid project financing as a solution to 
the limitations of conventional models. Furthermore, blockchain is increasingly being accepted as a tool to 
address the challenges of transparency and traceability in energy. The dominance of these keywords 
indicates a shift in research focus from technical aspects to the development of business models and energy 
governance based on distributed technology. Overall, this trend reflects the convergence between the 
energy sector and financial technology in creating a more inclusive and sustainable energy system.  
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Figure 2: Publication trend per year 

3.1.2. Research trends related to integration  

Figure 3 shows a keyword analysis of scientific publications from 2020–2025; the main focus of research in 
this topic is on the integration of blockchain technology and sustainable energy systems. The keywords 
appearing most often are blockchain, renewable energy, peer-to-peer energy trading, smart grid, and 
decentralised finance (DeFi), indicating that research in this field is interdisciplinary and progressive. The 
dominance of the terms ‘blockchain’ and ‘renewable energy’ reflects the close relationship between 
distributed technologies and global efforts to promote decarbonisation and energy system efficiency. The 
emergence of the term ‘peer-to-peer trading’ emphasises that the decentralised approach is no longer just 
a theoretical concept, but is starting to be implemented in concrete forms such as community microgrids 
and local energy trading platforms. In addition, terms such as ‘smart grid’, ‘tokenisation’, ‘DeFi’, and 
‘smart contracts’ indicate a research direction that increasingly emphasises system automation, IoT 
integration, and digital technology-based financing innovation. Overall, these results suggest that current 
scientific studies are not only focused on technological development, but also explore synergies between 
the information, financial, and energy sectors as a foundation for creating a more inclusive and sustainable 
future energy system. 

 

Figure 3: Research related to integration  
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3.1.3. An analysis of international collaboration 

Figure 4 shows an analysis of international collaboration in research on blockchain, DeFi, and renewable 
energy, revealing the formation of extensive cross-border scientific networks. India and China are recorded 
as the countries with the highest level of collaboration: each is involved in 17 institutional partnerships, 
reflecting the high commitment of both countries to developing distributed technologies for future energy 
systems. In addition, the active participation of countries such as Iran, Saudi Arabia, and South Africa, 
which are variously involved in four to ten collaborations, indicates that the Asia and Africa regions are 
also beginning to strengthen their role in blockchain-based digital energy research and smart contracts. 
Interestingly, the involvement of these developing countries reflects that global energy problems have 
encouraged open collaboration that is not limited to developed countries alone. This international 
collaboration not only expands knowledge exchange, but also accelerates the spread of digital innovation 
in the energy sector, with blockchain and DeFi as key driving elements. 

 

 

Figure 4: Research related to international collaboration 

3.2. RQ2: What are the main difficulties faced in implementing blockchain and DeFi-based peer-to-
peer energy trading, from technical, regulatory, and social perspectives? 

3.2.1. Technical difficulties 

The key technical difficulties hindering the widespread adoption of blockchain technology in energy trading 
are scalability and transaction speed limitations, security vulnerabilities in smart contracts, difficulties in 
integrating with IoT devices and smart meters, and the existing digital infrastructure gap. Addressing these 
issues would be crucial to realising the full potential of blockchain in creating a more efficient, transparent, 
and decentralised energy market. The key technical difficulties are shown in Figure 5. 
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Figure 5: Key technical difficulties  

Scalability and transaction speed 

One of the main obstacles in implementing blockchain for peer-to-peer (P2P) energy trading systems lies 
in limited scalability and transaction processing speed [12]–[15]. In practice, P2P schemes generate a large 
number of microtransactions that occur in real time between prosumers. This requires blockchain systems 
to be able to handle high transaction volumes with low latency and minimal fees. However, public platforms 
such as Ethereum often experience network congestion and spikes in transaction fees (gas fees), reducing 
the system’s efficiency and effectiveness [3], [16]. This situation becomes even more complex when 
blockchains must be integrated into national-scale energy grids, which have much larger and more dynamic 
operational characteristics [12], [16]. 

Security risks in smart contracts 

Smart contracts have revolutionised the way in which energy transactions are managed, offering efficient 
process automation without third-party intervention [2], [13], [17]. However, these advantages also come 
with serious security problems [12], [13]. Small flaws in code or contract logic can lead to significant 
failures, especially in the context of energy systems that require high accuracy and reliability. Several 
studies have highlighted that the lack of testing and verification standards for smart contracts makes these 
systems vulnerable to exploits or to technical errors [13], [15], [18]. When systems are managed in a fully 
decentralised way, reliance on poorly tested code can pose serious systemic risks to microgrid networks 
[19]–[21]. 

Integration with IoT devices and smart meters 

Blockchain in the energy sector cannot function optimally without data collected from physical devices 
such as smart meters and IoT-based sensors [10], [14], [15]. Problems arise when many of these devices 
are not yet compatible with transmitting data directly to blockchain networks. Differences in 
communication protocols, device limitations, and the lack of middleware infrastructure present significant 
obstacles. Therefore, it is necessary to develop new technical standards that could efficiently bridge digital 
and physical ecosystems [8], [9], [20]. Without robust integration, blockchain risks functioning only as a 
passive digital record that does not reflect the actual condition of the energy system [2], [3]. 
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Digital infrastructure gap 

The implementation of blockchain technology in decentralised energy systems depends greatly on the 
readiness of digital infrastructure [13], [20], [22], [23]. In many regions, especially in developing countries, 
access to stable internet connections, supporting hardware, and technical support remains strictly limited. 
This gap poses the risk that technology adoption will occur only in regions or communities that already have 
adequate digital resources, thus widening the gap in access to sustainable energy [4], [24]–[26]. To ensure 
inclusivity, there is a need for adaptive strategies that take into account local conditions and promote 
equitable distribution of digital infrastructure as an integral part of energy transformation [2], [22], [27]. 

3.2.2. Regulatory and legal difficulties 

Regulatory and legal difficulties currently hinder the widespread adoption of energy tokenisation. As shown 
in Figure 6, they include uncertainty about the legal status of energy tokens, the legal ambiguity of smart 
contracts, the absence of consumer protection mechanisms, and the lack of international standards. 
Addressing these problems would be crucial to fostering a secure and transparent environment for energy 
tokenisation to flourish. 

 

Figure 6: Regulatory and legal problems 

Uncertainty over the legal status of energy tokens 

One of the fundamental problems in implementing blockchain in the energy sector is the lack of a uniform 
legal classification for energy tokens [20], which are digital representations of energy units traded on 
blockchain networks. In many jurisdictions, these tokens are not clearly categorised as assets [20], [28], 
commodities, or financial instruments, creating ambiguity about their ownership, taxation, and the legality 
of their value transfers [20], [28]. This uncertainty not only creates risks for investors and end-users, but 
also makes it difficult for regulators to design appropriate policies [2], [9], [30]. 

The legal ambiguity of smart contracts 

Although smart contracts have enabled efficient and transparent automation of agreements, many national 
legal systems do not explicitly recognise the validity of these digital contracts as valid legal documents [4], 
[30]. As a result, if coding errors, malfunctions, or disputes between the parties occur, resolution becomes 
difficult owing to the lack of a clear legal framework to address them [3], [5], [16]. This uncertainty is a 
major obstacle to implementing smart contracts for large-scale energy transactions, which naturally require 
a high level of legal reliability. 
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The absence of consumer protection mechanisms 

The decentralised nature of blockchain systems presents new difficulties for consumer protection [13], 
[22]. Unlike conventional systems with regulatory authorities, users in blockchain-based energy systems 
lack clear guarantees in the event of system failures, token loss, or even fraud through digital contracts 
[20], [25]. Consumer protection regulations in this context are still in their early stages of development, 
and do not yet address the specific needs of the digital energy sector [12], [31]. This lack of clarity could 
undermine public trust in blockchain implementation in public and community energy services. 

Lack of international standards 

While blockchain technology offers significant potential for creating a globally integrated energy market, 
the lack of international standards governing blockchain-based energy trading systems is a major obstacle. 
Differences in national policies, system architectures, and data formats contribute to poor cross-border 
interoperability, both technically and legally [4], [30]. Without a comprehensive multilateral agreement, 
the potential for blockchain-based cross-border energy exchange would be difficult to realise, even if the 
technological infrastructure were already in place and operationally mature [12], [18]. 

3.2.3. Social and economic difficulties 

The key difficulties hindering the widespread adoption of blockchain and decentralised finance (DeFi) 
technologies in energy systems occur in the social, economic, and technical domains, as shown in Figure 7. 
These include low public digital literacy, distrust of new technologies, volatility of energy token values, 
and risks of centralisation in decentralised systems. Addressing these issues would be crucial to realising 
the full potential of blockchain and DeFi in creating more democratic, efficient, and sustainable energy 
ecosystems. 

 

Figure 7: Social and economic difficulties 

Low public digital literacy 

One of the most obvious problems in implementing blockchain and DeFi technology in energy systems is the 
low level of public digital literacy. Many users do not yet understand basic concepts such as energy tokens 
[25], digital wallets [32], or smart contracts [13], [15], [18], which are key elements in blockchain-based 
energy trading systems [5], [9], [18]. This lack of understanding raises concerns about the risks of digital 
transactions, including technical errors or asset loss, which ultimately reduce interest in adopting new 
systems [12], [15], [31]. The lack of educational initiatives and the gap in understanding between 
technology developers and end-users further deepen the technology adoption gap at the societal level [25]. 

Distrust of new technologies 

The stigma associated with blockchain and DeFi as part of the crypto ecosystem is that they are unstable, 
speculative, and prone to fraud. This negative perception becomes a serious social barrier, especially when 
blockchain-based projects lack transparency in their operations, including in the energy sector [21]. When 
people lack trust in a system, they tend to be reluctant to participate, even if the technology is available 
and offers potential benefits [4], [25]. Building public trust would be a crucial step towards the widespread 
and sustainable acceptance of blockchain-based P2P systems [15], [21]. 
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Volatility of energy token values 

One of the main economic barriers to using blockchain for energy transactions is the volatility of the value 
of the tokens used as a medium of exchange [20], [25]. Because many energy tokens follow the dynamics 
of the global crypto market, their exchange rates can fluctuate rapidly and unpredictably. This uncertainty 
makes it difficult for users who rely on stable energy prices for daily needs, such as households or small 
businesses [5], [23]. Such fluctuations not only reduce convenience but also undermine the incentive to use 
token-based systems for long-term energy transactions. 

Risks of centralisation in decentralised systems 

A paradox in blockchain implementation is that, although these systems are designed to be decentralised, 
in practice technical control and development often reside in the hands of a handful of platform providers 
or core developers [6], [13], [20], [23]. When network architecture and decision-making are determined by 
a limited number of entities, there is a risk of new forms of centralisation similar to the conventional energy 
systems they were designed to address [16], [21], [22]. This power imbalance could hinder the primary goal 
of P2P energy systems: to democratise access and community participation in energy production and 
consumption. 

3.3. RQ3: What technological development directions and potential solutions do previous studies 
offer for integrating blockchain and DeFi in distributed energy systems? 

The transformative potential of blockchain technology in shaping future digital energy systems involves five 
key areas: the integration of blockchain with IoT and smart meters for real-time energy automation; energy 
tokenisation and DeFi-based incentives; adaptive smart contract design for dynamic energy transactions; 
the development of community-based P2P energy platforms and microgrids; and energy project financing 
through DeFi crowdfunding. These are shown in Figure 8. Each section below highlights the benefits, 
applications, and supporting literature for these innovative approaches. 

 

Figure 8: Blockchain’s energy revolution 

3.3.1. Blockchain integration with IoT and smart meters for real-time energy automation 

One rapidly developing technological direction is the integration of blockchain with IoT devices and smart 
meters to enable automatic, real-time recording of energy consumption and production data [10], [14], 
[27]. With this approach, smart contracts can be executed that are directly based on input from energy 
sensors without the need for human intervention, resulting in a more efficient, responsive, and error-free 
system. Furthermore, storing energy data on the blockchain guarantees transparency and auditability, 
which are crucial in distributed energy systems. In the context of P2P energy trading, this architecture 
allows transactions to take place directly between prosumers without the need for intermediaries. Several 
studies have confirmed the potential of this approach as the technical foundation of future digital energy 
systems [12], [31]. 
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3.3.2. Energy tokenisation and DeFi-based incentives 

Energy tokenisation opens up new opportunities for representing energy units, such as kilowatt-hours 
(kWh), as tradable digital assets [20], [25], [28]. With this approach, users could not only buy and sell 
energy in the form of tokens, but also earn incentives through DeFi protocols such as staking, liquidity 
mining, or yield farming. This would create a participatory and inclusive energy ecosystem in which the 
public could directly participate in the green energy transition without relying on traditional financial 
institutions. This incentive system would also strengthen community spirit and expand access to collective-
based energy project financing. This idea has strong support in the literature as an adaptive and transparent 
energy financing model in the digital era [13], [16], [24], [30], [33]. 

3.3.3. Adaptive smart contract design for dynamic energy transactions 

In future, smart contracts in the energy system will no longer be static but will instead be developed to be 
adaptive and responsive to external conditions [15], [18]. Next-generation smart contracts would be able 
to adjust transaction terms based on real-time data such as market demand, usage time, network load, 
and even weather data [13], [18]. With this flexibility, the energy trading system would become more 
dynamic and able to reflect energy value contextually [22]. Furthermore, the open and documented nature 
of smart contracts would enhance the transparency and trustworthiness of the system [15], [22], [24]. This 
approach would foster automated energy markets that are more flexible, efficient, and adaptable to local 
and regional needs. 

3.3.4. Development of community-based P2P energy platforms and microgrids 

The development of P2P energy systems is now widely directed at the local scale through community 
initiatives and microgrids [12], [15], [34]. By leveraging blockchain technology, these platforms would 
enable individuals or organisations in a region directly to exchange energy with one another at a low cost 
and with greater control over their energy resources. This approach would not only improve the efficiency 
of local energy distribution but also strengthen energy security in remote or marginalised communities. 
Blockchain would play a crucial role in accurately and transparently recording energy transactions between 
individuals, thereby building a sense of ownership and trust among stakeholders. This model is increasingly 
considered relevant in the context of energy democratisation and strengthening community-based energy 
systems [4], [35]. 

3.3.5. Energy project financing through DeFi crowdfunding 

DeFi offers an innovative and inclusive financing alternative for renewable energy projects through smart 
contract-based crowdfunding schemes [36]–[38]. This approach would enable local communities, energy 
startups, and microgrid projects to obtain funding directly from the global public without relying on 
traditional financial institutions. Furthermore, the token-based reward mechanism would provide 
sustainable economic incentives for investors and participants, encouraging long-term engagement. This 
model would not only lower barriers to access to capital but also open up broader opportunities for 
community participation in supporting green energy projects [39], [40]. The recent literature highlights the 
significant potential of this model as a new driver of community-based energy transitions. 

4. CONCLUSION 

The integration of blockchain technology and DeFi into distributed energy trading systems has significant 
potential to revolutionise the way in which energy is produced, distributed, and traded. The application of 
this technology would open up opportunities for a more transparent, efficient, and inclusive energy system, 
in which prosumers and local communities could play an active role in energy markets through mechanisms 
such as smart contracts, energy tokenisation, and DeFi-based incentives.  

The findings also indicate a rapidly growing research trend from 2019 to 2025, focusing on the integration 
of blockchain with IoT and smart meters, the development of community-based microgrid platforms, and 
innovative financing models through DeFi crowdfunding mechanisms. However, this research identifies a 
number of significant obstacles, including technical limitations such as the scalability and security of smart 
contracts, regulatory barriers related to the legal status of energy tokens and the legal recognition of smart 
contracts, and socio-economic issues such as low digital literacy, public distrust, token value volatility, and 
the risk of new centralisation by technology providers.  
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Therefore, the successful adoption of this technology would require a multidisciplinary approach that 
encompasses technical innovation, regulatory harmonisation, and community empowerment strategies. 
Cross-sector collaboration between governments, industry players, researchers, and communities would be 
key to overcoming the barriers and maximising the benefits offered. Moving forward, further research needs 
to be directed at developing global standards, consumer protection mechanisms, and sustainable business 
models, so that the integration of blockchain and DeFi could truly contribute to the creation of a 
democratic, resilient, and sustainable future energy system. 
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