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Article Info Abstract
The global shift towards renewable energy has created a pressing need for transparent,

efficient, and decentralized energy trading systems. Traditional energy markets often

P-ISSN: 3051-3618 face challenges such as high transaction costs, centralized control, lack of real-time

E-ISSN: 3051-3626 verification, and barriers to peer-to-peer (P2P) energy exchange. Blockchain
Volume: 05 technology offers a promising solution by enabling secure, transparent, and tamper-
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ledger. This ensures trust, reduces disputes, and facilitates microtransactions, enabling
energy trading at even the smallest scales. Blockchain platforms can also support
tokenization of renewable energy credits (RECs), enabling global trade and
compliance with sustainability regulations. Pilot projects in countries like Australia,
Germany, and the United States have demonstrated the potential for blockchain-based
trading to reduce costs, empower prosumers, and enhance grid resilience. However,
challenges such as scalability, interoperability between platforms, regulatory
compliance, and the energy consumption of blockchain itself remain critical concerns.
Future research should focus on integrating energy-efficient consensus mechanisms,
cross-border trading protocols, Al-based market prediction tools, and hybrid
blockchain architectures to ensure sustainability and scalability. By leveraging
blockchain technology, renewable energy trading can become more democratic,
efficient, and environmentally sustainable, accelerating the global transition towards
a decentralized green energy future.
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1. Introduction

The renewable energy sector is pivotal in addressing climate change, with global capacity projected to reach 4,000 GW by 2025
111, However, challenges such as intermittency, grid integration, and inefficient trading systems hinder its adoption. Traditional
centralized energy markets rely on intermediaries, leading to high transaction costs, delays, and lack of transparency [,
Blockchain technology, initially popularized by Bitcoin, offers a decentralized, secure, and transparent platform for energy
trading 1. By enabling P2P trading, automating transactions via smart contracts, and tracking RECs, blockchain addresses
inefficiencies in renewable energy markets [, This article explores blockchain’s applications, benefits, challenges, and future
prospects in renewable energy trading.
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2. Blockchain Technology: An Overview

Blockchain is a distributed ledger technology that records

transactions across multiple nodes, ensuring immutability,

transparency, and security [l. Key features include:

e Decentralization: Eliminates intermediaries, enabling
direct transactions [,

e Smart Contracts: Self-executing agreements that
automate processes [,

e Immutability: Ensures tamper-proof records, enhancing
trust (81,

e Transparency: Provides real-time access to transaction
data [,

In energy trading, blockchain supports P2P exchanges, grid
management, and REC tracking, making it ideal for
decentralized renewable energy systems 101,

3. Applications of Blockchain in Renewable Energy
Trading

3.1 Peer-to-Peer (P2P) Energy Trading

P2P trading allows prosumers (producers and consumers) to
trade surplus energy directly, reducing reliance on centralized
utilities (4. Blockchain platforms, such as Power Ledger in
Australia, enable households with solar panels to sell excess
energy to neighbors 2. Smart contracts automate buy/sell
agreements, reducing transaction times and costs by up to
40% [*31. For example, the Brooklyn Microgrid project in
New York uses blockchain to facilitate P2P trading,

empowering communities to manage local energy markets
[14]

3.2 Microgrid Management

Microgrids, localized energy systems, benefit from
blockchain’s ability to balance supply and demand in real-
time [*°1. Blockchain integrates distributed energy resources
(DERS) like solar panels and wind turbines, optimizing grid
resilience ['61. The LO3 Energy platform demonstrates this by
enabling microgrid participants to trade energy transparently
(71, Blockchain also supports demand response management,
ensuring efficient energy distribution (€,

3.3 Renewable Energy Certificate (REC) Tracking

RECs certify energy from renewable sources, ensuring
compliance with sustainability regulations [*°1. Blockchain
provides an immutable ledger for REC issuance and trading,
preventing fraud and double-counting %. For instance,
Acciona Energy in Spain uses blockchain to track RECs,
enhancing transparency [?Y. This fosters consumer trust and
promotes green energy adoption (22,

3.4 Electric Vehicle (EV) Charging and Billing
Blockchain streamlines EV charging by automating billing
and ensuring secure transactions 231, Platforms like WePower
integrate blockchain to manage EV charging networks,
reducing costs and improving efficiency 4. This supports
the integration of renewable energy into transportation 2],

4. Benefits of Blockchain in Renewable Energy Trading

e Cost Reduction: By eliminating intermediaries,
blockchain reduces transaction costs 6. A World
Economic Forum report estimates savings of up to 40%
in energy trading 271,

e Transparency and Trust: Immutable records ensure
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verifiable energy sourcing,
demands for sustainability 281,

e Grid Efficiency: Real-time data exchange optimizes
energy distribution, reducing losses [2°,

e Decentralization: Empowers small-scale producers,
promoting equitable market access %,

e Sustainability: Encourages renewable energy adoption,
reducing greenhouse gas emissions 4,

addressing consumer

5. Challenges and Limitations

Despite its potential, blockchain faces several challenges in

renewable energy trading:

e Scalability: High transaction volumes can slow
blockchain networks, delaying confirmations 2. For
example, Ethereum-based platforms struggle with large-
scale energy transactions (531,

e Regulatory Uncertainty: Varying global regulations
hinder blockchain adoption 34, P2P trading is illegal in
some regions, limiting market expansion 331,

e Interoperability: Integrating blockchain with legacy
energy systems is complex [361,

e Energy Consumption: Proof-of-Work  (PoW)
consensus mechanisms, used by some blockchains, are
energy-intensive 7, Proof-of-Stake (PoS) and Proof-of-
Authority (PoA) offer energy-efficient alternatives [81,

e Privacy Concerns: Public ledgers may expose sensitive
data, requiring privacy-preserving solutions [,

6. Case Studies

e Power Ledger (Australia): This platform enables P2P
trading in residential microgrids, reducing energy costs
and promoting renewables . Pilot projects in New
Zealand reported increased savings for participants [*4,

o WePower (Estonia): WePower tokenized Estonia’s
energy data, enabling transparent trading of renewable
energy [“2. It supports REC tracking and EV charging
integration 431,

e Brooklyn Microgrid (USA): LO3 Energy’s blockchain
platform allows residents to trade solar energy,
demonstrating decentralized market feasibility (41,

7. Future Prospects

By 2030, blockchain is expected to transform renewable

energy markets by:

e Integrating with loT and Al for smart grid optimization
[45]

o Developing standardized enhance
interoperability 16}

e Supporting global REC markets, with investments
projected to reach $11 trillion (471,

e Enabling cross-border energy

harmonized regulations (81,

platforms  to

trading  through

Collaborative efforts among stakeholders, regulators, and
technology providers are crucial for overcoming barriers and
realizing blockchain’s full potential [,

8. Conclusion

Blockchain technology offers a paradigm shift in renewable
energy trading by enabling secure, transparent, and
decentralized systems. Its applications in P2P trading,
microgrid management, REC tracking, and EV charging
address inefficiencies in traditional energy markets. While
challenges like scalability and regulatory uncertainty persist,
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ongoing innovations and case studies demonstrate
blockchain’s transformative potential. By  fostering
collaboration and addressing technical limitations,

blockchain can drive a sustainable energy future, aligning
with global climate goals.
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