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Abstract
The accelerating adoption of renewable energy renewable energy sources and decentralized energy systems has paved the way for innovative energy trading mechanisms. Among these, Peer to Peer (P2P) energy trading has emerged as a promising approach, enabling consumers to trade energy directly. Energy tokens or coin, a form of digital currency tailored for energy transactions, play a crucial role in facilitating these trades. This review paper explores the concept of energy tokens, their applications in P2P energy trading, and the benefits and challenges associated with their implementation.
This research explores the applications of tokenization in the energy sector, focusing on its potential to enhance efficiency, transparency, and sustainability. By examining case studies and analyzing the benefits and challenges associated with tokenization, this paper aims to contribute to a deeper understanding of its implications for the future of energy markets. Key areas of investigation include tokenized renewable energy certificates, peer-to-peer energy trading, and the role of smart contracts in optimizing energy consumption. The findings suggest that tokenization can facilitate decentralized energy systems, improve market liquidity, and promote the adoption of sustainable energy sources.
Introduction:
Global electricity demand is projected to increase by 3.4% annually until 2026, driven by economic growth, electrification in residential and transport sectors, and data center expansion in advanced economies. Updated regulations and technological improvements, including on efficiency, will be crucial to moderate the surge in energy consumption from data centers [1]. The current energy model, reliant on centralized power plants and long-distance transmission, struggles with high costs and limitations. As electricity demand is projected to double by 2050, this infrastructure simply won't suffice. A shift towards a decentralized model powered by renewables is essential for a sustainable future. The electric utility industry is witnessing substantial changes with the rising usage of distributed energy resources (DERs) at the distribution level. Concerns about climate change and the environmental impact of traditional energy sources are pushing for a shift towards cleaner and more sustainable energy solutions.
By early 2025, renewable energy will take over coal as the primary source of power generation, accounting for over one-third of the world's total. The forecast predicts a significant increase in the share of renewables in electricity generation, from 30% in 2023 to 37% in 2026. This growth is primarily driven by the expanding availability of more affordable solar PV technology [1]. Bridging the gap between renewable energy's variability and a decentralized grid demands innovative solutions and comprehensive energy management strategies.
The advancement of smart grid technology promises to facilitate a more significant incorporation of renewable energy sources while bolstering the efficiency and dependability of the overall energy system. Smart grids integrating high shares of intermittent renewables need transactive technologies such as peer-to-peer energy trading facilitated by blockchain, to maintain grid stability and predictability [2]. Prosumers can tokenize their excess energy, creating digital assets that represent the right to consume or sell that energy. Consumers benefit from lower energy costs, greater supplier choice, and a reliable power supply. Decentralized energy systems utilizing distributed renewable generation offer economic advantages, optimized energy utilization, enhanced grid stability, and seamless integration of renewable energy sources. It strengthens resilience by enabling power rerouting in times of natural disasters and energy scarcity. 
Blockchain-powered smart grids, featuring smart contracts and smart meter technology, enable efficient energy trading, load optimization, and peer-to-peer transactions. This innovative approach empowers consumers, fostering renewable energy adoption, minimizing energy transportation losses, and guaranteeing secure, transparent, and automated transaction records – all while reducing reliance on traditional energy companies and intermediaries. P2P energy trading stands to gain significant advantages from blockchain technology. Features like tamper-proof records, transparency, and disintermediation create a secure and efficient platform for direct energy transactions [3]. 
Based on the above discussion, the current study aims to provide an overview of peer to peer energy trading enabled blockchain, Tokenization in energy sector and tokens functionalities beyond transactions. It also discusses how energy tokens/tokens contribute to the promotion of renewable energy sources do. Finally identifies challenges and considerations in P2P energy trading initiatives using energy token.
Peer to Peer Energy Trading using blockchain:
Peer-to-peer (P2P) electricity trading is a business model platform that serves as an online marketplace enables direct energy transactions between consumers and producers, bypassing traditional intermediaries[4]. Peer-to-peer (P2P) energy trading using blockchain technology offers numerous benefits, enhancing the efficiency and sustainability of energy markets. This innovative approach empowers prosumers individuals who both produce and consume energy by facilitating direct transactions and promoting decentralized energy systems.
Peer-to-peer (P2P) energy trading empowers individuals and businesses to generate clean energy from sources like solar and wind, and then sell excess power directly to others through a digital marketplace[5][6]. As the energy landscape shifts from centralized to distributed systems, this approach becomes increasingly valuable. Dynamic, localized pricing and trading enable better management of fluctuating energy supply and grid congestion. Blockchain technology can efficiently track and verify these energy transactions [7]. P2P trading platforms optimize decentralized energy management by balancing local supply and demand, reducing the need for additional generation and transmission capacity [4]. Peer to peer energy trading including batteries, which will be charged during sunny hours can improve the power quality by balancing the supply and demand of energy [8].
The wide range of research found in [5], [9], [10], [11], [12], [13]suggests that research into P2P energy trading is becoming increasingly popular. In [14] [15], provide an overview of various P2P projects that are currently being implemented in different parts of the world. 
Key contributions of P2P energy trading are increased renewable energy adoption and greater flexibility by empowering consumers and prosumers., balancing and congestion management through better coordination of DER, provision of ancillary services to the main power grid, energy access for consumers in mini-grid setups [16]. 
In [9] [17][18] Explained that P2P network can be divided mainly into Three layers virtual layer, physical layer and other. Key components of the virtual layer include information systems, market operations, pricing mechanisms, and energy management. The physical layer encompasses the essential elements for connecting to the grid, measuring energy consumption, and enabling communication. Market participants and regulations form the last layer. The integration of smart contracts automates transactions, streamlining the trading process and enhancing operational efficiency [13]
Platform reliability, customer service, a conducive regulatory environment, and a reliable grid are essential for successful P2P electricity trading. Energy trading platforms provide critical infrastructure for the energy sector, facilitating risk mitigation, investment, and operational efficiency. Leveraging advanced technologies, these platforms are becoming increasingly sophisticated, enabling seamless integration and optimization within complex energy ecosystems [19]. 

Blockchain and its overview:
At the core of peer to peer and energy trading and tokenization lies blockchain technology, a secure and transparent platform facilitating the creation, tracking, and management of digital assets. Blockchain platforms can track and verify the origins of energy, facilitating the issuance of reliable and transparent renewable energy certificates. This process encourages investment in renewable projects and ensures compliance with regulations. 
Blockchain, a distributed ledger technology, enables a layer of trust and eliminates the need for a third party to validate the transactions. Blockchain technology is an amalgamation of various technologies such as distributed systems, cryptography, etc [20].  Each Blocks contains details of transactions, hash of the previous block, timestamp are linked with each other with proper security using hash function [21] [22]. This leads to a Blockchain, which is a distributed ledger stored at various nodes in the network. A Blockchain's initial block is known as a genesis block [23] 
The data stored in a block is verified using algorithms, which attach a unique hash to each block. Each such hash is a series of numbers and letters created on the basis of the information stored in the relevant data block [24]. Consensus mechanisms in distributed ledgers ensure that all nodes validate and agree upon the ledger's state.
The origins of blockchain technology dates back to the 1980s. Blockchain gained global popularity after the fabled paper of Satoshi Nakamoto. It gained prominence in 2008 with the invention of Bit coin (as currency in 2009).

Blockchain technology has advanced significantly over time, with each generation delivering disruptive ideas and overcoming the limitations of its preceding [25] [26] . Table 1 outlines the key characteristics of different generations of blockchain.
Table 1:  Comparative analysis of blockchain generations 

	Parameter
	Blockchain 1.0
	Blockchain 2.0
	Blockchain 3.0
	Blockchain 4.0
	Blockchain 5.0

	fundamental technologies
	Distributed
Ledger
Technology
(DLT)
	Smart contracts 

	Decentralized
Apps (dApps)

	Blockchain with
AI
	Decentralized autonomous organizations (DAOs

	Consensus mechanism
	Proof of work
	Delegated proof of work, Proof of stake
	Proof of authority
	Proof of integrity
	Proof of Stake model Soft Majority Fault Tolerance (SMFT) 

	Verification Method
	By miners 
	Through smart contracts and miners
	Inbuilt verification mechanism via dApps
	Automated verification via Sharding
	Tsar node

	Scalability
	Not scalable 
	Poorly scalable
	Scalable
	Highly scalable
	Highly scalable

	Energy consumption
	Highest Energy 
	Moderate
	Efficient
	Highly efficient
	Highly efficient

	Applications
	Financial sector 
	Nonfinancial sector
	Business platforms
	Industry 4.0
	Industrial IoT

	Example
	Bitcoin 
	Ethereum
	IOTA, Cardano, Anion
	SEELE, Unibright
	Relictum Pro, Everscale

	Cost
	Expensive 
	Cheaper
	More Cheaper
	Cost effective
	

	Speed
	7 TPS 
	15 TPS
	1000 s of TPS
	1 M TPS
	Over 1 M TPS

	Intercommunication
	Not allowed 
	Not allowed
	Allowed
	Allowed
	



Smart Contract
Smart contracts are digital contracts that leverage blockchain technology to automate and enforce contract terms without the need for intermediaries. Smart contracts are blockchain-based programs that aim to provide trust and security superior to traditional contract law and to reduce other transaction costs associated with contracting while also saving a lot of time, since they are executed as soon as agreed by all participants [27]. Smart contracts are self-executing programs encoded within the blockchain that works on following simple “if/when…then…” statements. They operate based on predetermined conditions, automatically initiating actions upon verification of these stipulations by the network. Smart contracts can be deployed on various blockchain platforms, including Ethereum, Binance Smart Chain, Solana, and Cardano. The most popular blockchain for running smart contracts is Ethereum [28]
The high-level object-oriented programming language Solidity facilitates the deployment of smart contracts on different blockchains [29]. The potential use cases for smart contracts extend across domains such as supply chain, trading, digital identity, insurance, and IoT [30].  The smart contract facilitates peer-to-peer energy trading by automating order matching, verifying energy transfer via IoT devices, executing conditional payments, and ensuring transaction transparency and security through blockchain technology
While smart contracts automate transactions, they are not immune to bugs or vulnerabilities due to relatively new technology. Smart contract verification tools like NeuCheck can efficiently detect certain types of vulnerabilities [31] Ensuring the security and correctness of smart contracts is essential to prevent exploitation and financial losses [32] . Addressing these challenges requires technological advancements, supportive regulatory frameworks, investment in infrastructure, and efforts to educate and engage all stakeholders in the energy market. 
Tokenization in Energy sectors
Within the realm of blockchain technology, tokens represent digital units that embody either a specific value or a designated right within a particular blockchain ecosystem. These tokens have diverse applications, functioning as representations of company shares, mediums of exchange within a closed system, access rights to specific services, or even fundraising tools (through Initial Coin Offerings). The development and distribution of tokens are facilitated by smart contracts on blockchain platforms such as Ethereum [33]. Energy tokenization standardizes simplifies and opens globally currently existing energy investment ecosystem
Blockchain technology and tokenization are driving a profound transformation within the energy sector. The potential of tokenization extends beyond mere asset digitization. It facilitates expedited transactions, streamlines operational processes, and bolsters confidentiality. Within the energy sector, tokenization fosters transparency, operational efficiency, and the development of a robust system through the decentralization of energy distribution control [34]. Table 2 illustrates a comparative analysis of traditional and tokenized energy.
Incorporating tokenization can mitigate the current problems of accessing capital for renewable energy. Energy tokenization has the power to transform the energy landscape, offering new opportunities for both renewable and traditional energy sectors through the creation of innovative markets and business models [35].







Table 2: Comparison between tokenized energy and traditional energy

	Criteria
	Tokenized Energy
	Traditional Energy

	Ownership
	Decentralized (multiple owners can hold fractional ownership)
	Centralized (controlled by a single entity or a few)

	Trading
	Peer-to-peer, facilitated by blockchain
	Through intermediaries like energy exchanges

	Market Structure
	Competitive, with multiple participants
	Often monopolistic or oligopolistic

	Transparency
	High, with blockchain providing an immutable record
	Low, subject to market manipulation and information asymmetry

	Efficiency
	Improved, reducing transaction costs and enabling real-time settlement
	Inefficient due to intermediaries and complexity

	Innovation
	Encourages innovation and new business models
	More conservative, with established practices

	Security
	Enhanced by blockchain technology, reducing fraud and hacking risks
	Vulnerable to cyber threats and human error

	Accessibility
	More accessible to a wider range of investors
	Restricted to institutional investors and large corporations

	Sustainability
	Promotes sustainability by incentivizing clean energy production
	Limited sustainability due to reliance on centralized power grids and fossil fuels



Benefits of Tokenization in Energy Sector:
Blockchain-based energy tokens are facilitating the shift towards decentralized energy grids, where energy is shared and traded directly between renewable energy prosumers and consumers. Tokenization can democratize the energy sector, shifting away from a few dominant players and promoting a more diverse and competitive landscape. This also strengthen grid resilience and local energy independence.
Tokens or crypto tokens symbolizes ownership or value of something in a decentralized system. Smart contracts and blockchains enable tokens to represent various assets or rights. Tokens are issued when a company launches an Initial Coin Offering (ICO).
Digital tokens contribute to a more dynamic investment landscape by offering investors for fractional ownership of energy assets and projects. Tokenization can facilitate crowdfunding for renewable energy projects, promoting a cleaner energy mix. It can incentivize the production of renewable energy by making it easier to trade and monetize
Fractionalization through blockchain-based tokenization has democratized investment in the energy sector. By dividing energy assets into tradable tokens, this innovation has broadened investor participation, fostered community engagement, and accelerated the adoption of renewable energy sources.
In [6] , The results demonstrate that decentralized energy trading is the most prevalent use case, followed by cryptocurrencies and investments. 
Transparency and Traceability in Transactions By recording all transactions on a decentralized and immutable ledger, blockchain enhances transparency, accountability, and trust among Stakeholders [36].
Types of Tokens
The diverse range of functionalities offered by tokens makes them a significant aspect of blockchain technology. Here are some of the most common types:
Utility Tokens: Possession of these tokens grants access to designated products or services offered within the confines of a blockchain ecosystem. The Power ledger platform utilizes its token, POWR, to facilitate peer-to-peer electricity trading amongst prosumers and consumers, fostering a more localized and efficient energy market.
Security Tokens:  Security tokens represent ownership of a digital asset linked to real-world assets [37]. These tokens represent ownership in a real-world asset, such as a company's stock or a piece of real estate. SolarCoin tokens represents ownership in solar energy projects, potentially generating returns based on the electricity produced by these projects. 
Governance Tokens:  Possession of these governance tokens empowers holders to contribute to the project's decision-making process. Through a voting mechanism, users can influence the project's future direction. The SunContract token grants holders voting rights on proposals that shape the future development of the SunContract platform.
Payment token: Payment tokens, also known as cryptocurrencies or digital currencies, are decentralized assets that can be used to exchange value directly between individuals without the need for intermediaries. Bitcoin (BTC), Litecoin (LTC), and Dash (DASH) are among the most well-known payment tokens.
Non-Fungible Tokens (NFTs): Non-fungible tokens are distinct, transferable, indivisible, and irreplaceable, in contrast to fungible tokens. All NFTs of the same type are unique from one another. Each token is distinct, therefore exchanging them for one another would result in a loss of value [38]. Non-fungible tokens have a single owner and are unique. 

Token standard: 
Token standards function as a set of technical protocols that govern the behavior of tokens within a specific blockchain network. These protocols define a standardized format for token creation and operation, thereby facilitating interoperability with various applications and services within the blockchain ecosystem, such as wallets and exchanges. 
Token standards are a subset of smart contract standards. For blockchain that support smart contracts, token standards represent a guide for the creation, issuance, and deployment of new tokens on them [39]
This standardization plays a critical role in enabling the seamless exchange and utilization of tokens across diverse platforms and applications [40]. Table 3 presents a comparison of different token standards and their features.
Table 3: Comparative analysis of token standards
	Feature
	ERC-20 
	BEP-20 
	ERC-721 
	ERC-1155 
	ERC-777 

	Blockchain
	Ethereum
	BNB Smart Chain
	Ethereum
	Ethereum
	Ethereum

	Token Type
	Fungible
	Fungible
	Non-Fungible (NFT)
	Fungible & Non-Fungible
	Fungible

	Use Cases
	Utility tokens, security tokens, and stable tokens
	Utility tokens, cryptocurrencies
	Digital collectibles, art, ownership of unique assets
	Mixed fungible & non-fungible assets
	Utility tokens, cryptocurrencies, Game assets

	Benefits
	Widely adopted, large developer community, high liquidity 
	Faster transaction speeds, lower fees compared to ERC-20
	Enables unique digital assets
	Flexibility for mixed token types
	Advanced transactions, Enhanced security , Backwards compatibility ERC 20

	Drawbacks
	Slower transaction speeds, higher fees
	Less established compared to ERC-20
	Not suitable for fungible tokens
	Under development
	High risk of attack, Complexed compared to ERC-20

	References
	[41][38]
	[42]
	[43]
	[44]
	[45]



The limitations of Token Standards
Interoperability Issues: Tokens are typically confined to their native blockchain, making cross-chain transactions difficult. For example, an Ethereum-based ERC-20 token cannot be directly used on the Bitcoin network.
Exchange Limitations: The lack of interoperability among blockchain ecosystems creates significant obstacles for traders seeking to exchange tokens efficiently. Traders often need to rely on centralized exchanges or specialized bridging solutions to navigate these challenges.
User Experience Challenges: The lack of compatibility between different blockchain ecosystems can hinder the efficient management of digital asset portfolios. Users may encounter difficulties in leveraging assets across various blockchain applications, leading to increased transaction costs and operational complexity.
Case study of projects implementing Tokens.
A growing number of projects are leveraging blockchain technology and tokens to drive their business activities. Total market capitalization is the primary criterion for selecting the top tokens [46].The evaluation framework utilized was as follows. 
A. Utility and Value Proposition i.e. the token's practical use and benefits
B. Technical Evaluation includes Blockchain Technology, Token Standards:
C. Environmental Impact I.e. Contribution to sustainability goals and Renewable Energy Integration
Power Ledger’s POWR and Sparkz token
Power Ledger is a blockchain based platform that enables P2P energy trading using energy tokens. It facilitates energy trading in real time, providing a transparent and efficient marketplace for consumers and producers. There are several applications of Power ledger platform like p2p energy trading, neo retailer, microgrid operator, wholesale market settlement. The Power Ledger's market adaptability is enhanced by a dual-token structure (POWR and Sparkz) [47] [48]. 
POWR Token: The POWR token is the primary token used on the Power Ledger platform. It is a utility token that is used to access and purchase services on the platform, such as the trading of energy and the creation and trading of renewable energy certificates, as well as participating in the platform’s governance process.
Sparkz Token: The Sparkz token is a secondary token used on the Power Ledger platform. Sparkz tokens are used to settle energy transactions on the platform, and their value is tied to the value of the local fiat currency [49]. 
POWR token was issued as an ERC-20 token on the Ethereum blockchain. But The platform has been migrated to a high-performance public blockchain based on Solana code with its native coin on 31 July 2024 [47]. 
Power Ledger promotes renewable energy, reduces carbon emissions, and simplifies energy management, enabling efficient trading of excess renewable energy to benefit generators, retailers, and buyers.
Dione Protocol’s Dione Tokens
Dione protocol a blockchain-based platform that would incentivize everyone on the system to use green energy and make the processes and the associated supply chains more efficient and transparent for the end-users, utilities, investors, and regulators [50].The primary objectives are to mitigate the environmental impact of the global energy sector by reducing carbon emissions and to facilitate and incentivize retail consumers to adopt a prosumer model, enabling them to participate actively in energy management and generation. Nebra works as a peer-to-peer renewable energy marketplace where users can buy and sell power units based on their roles in the protocol. Dione is powered by renewable energy sources to support own blockchain operations. By holding DIONE tokens, individuals contribute to the platform's governance and can influence its direction through voting [50]. Token holders can utilize DIONE as a payment method for gas fees, enhancing the token's utility
DIONE Tokens are ERC-20 standard tokens with EVM-compatible L1 blockchain [51].
The protocol is designed to facilitate the acquisition of decentralized tokens, thereby driving the adoption of renewable energy and making electricity more accessible to all.
SunContract’s SNC Tokens
SunContract is a platform that directly connects electricity producers and consumers into an electricity pool based on smart contracts a novel approach to peer-to-peer electricity trading [52]. SNC Token is a globally recognized crypto-token, primarily employed for energy trading [53].  Enable transparent transactions between producers and consumers through the Pool, based on smart contracts in order to actually trade electricity one would need to obtain SunContract tokens (SNC). SNC’s will be issued at the SunContract token sale as a software and energy licence to use the Energy Pool. SNC tokens serve as the backbone for all transactions, regardless of the currency used for settlement
Suncontract energy marketplace enables direct connection of electricity producers and consumers [54].
SNC token were created as ERC20 tokens and used solely on the Ethereum platform. 
WePower and WPR token
WePower is a blockchain-based green energy trading platform. The WePower platform tokenizes renewable energy, with each WPR token representing 1 kWh of green energy to be generated in the future. Producers can use the platform to create tradable energy tokens, representing their commitment to produce and deliver renewable energy. These tokens can be sold through auctions to energy buyers, with token holders gaining priority access based on their holdings. WPR tokens also serve as a key to participating in the platform, allowing investors to support new or existing renewable energy projects. By tokenizing energy, WePower enables producers to raise capital and facilitates efficient energy trading.
WPR Allows renewable energy producers to raise capital by selling future energy production upfront in the form of tokens. Consumers can purchase energy directly from producers using WPR tokens [55].
The WePower platform utilizes ERC-20 tokens on the Ethereum blockchain.
Efforce and WOZX Tokens
EFFORCE is a blockchain-based energy saving trading platform. The platform connects those interested in energy efficiency improvements with contributors who can earn tokens as rewards for reducing energy consumption. [56].  This crowdfunding platform rewards Contributors with free energy savings that they can retain, trade, or utilize to offset their energy consumption.
The EFFORCE Token (WOZX) is a utility token representing involvement in energy-saving projects initiated by EFFORCE and its community. Token distribution will follow the lock-up policy.
A minimum of 1% of the total energy savings generated by all projects will be allocated to all EFFORCE Token holders. Token has three functions; Utility, governance, and value of transfer[57] . EFFORCE Token holders have the right to participate in general governance, such as voting on the ratio of energy savings redistribution.
Through the wallet, the energy savings obtained over time can be kept and spent to reduce the bill whenever the price of electricity is such as to be convenient for offsetting.
The EFFORCE Token (WOZX) is a utility token built on the Ethereum blockchain, following the ERC-20 standard. 
Energymine’s ETK tokens 
Energi Mine is developing a platform that connects customers with smaller energy producers as well as global eco system and rewards energy-efficient behavior with ETK tokens.
Energi Mine is building an energy eco-system, a new energy market using blockchain. The platform we are building will have two aspects; a peer-to-peer marketplace to buy and sell energy and a reward platform. The platform will incorporate a decentralized peer-to-peer energy trading marketplace allowing direct trading of electricity between users, without an intermediary and a token-based incentive mechanism for energy conservation [58]. 
The platform will utilize Energi Tokens (ETK) to incentivize energy-efficient behaviors, aiming to reduce global energy consumption and create a more sustainable energy ecosystem. ETK can be used to pay energy bills, trade energy peer-to-peer, and access EV charging stations through the Energy Mine platform.
The tokens will be based on ERC-20 standard in the Ethereum blockchain.
SolarCoin’ SLR token:
SolarCoin is a digital asset and currency designed to support the transition from the fossil-fuel economy towards a solar-backed economy. Solar energy producers are rewarded with blockchain-based digital tokens at the rate of 1 SolarCoin (SLR) per MWh of solar energy produced. SolarCoin has similarities to cryptocurrencies like Bitcoin.  SolarCoin acts as an incentive, stimulating the implementation of solar power worldwide. SolarCoin can be collected, redeemed, or used as digital currency. Importantly, they can be traded for government currencies (fiat) on global cryptocurrency exchanges [59]. 
SolarCoins offer a variety of potential applications. They can be exchanged on online exchange, used as a payment like digital currencies, offered as rewards or incentives for customers, and potentially play a role in a revived carbon trading system through the use of crypto carbon credits.
SolarCoin is native coin operates on the Energy Web Chain, a blockchain network that utilizes a proof-of-authority consensus algorithm requires much less energy expenditure and carbon emissions along with extremely low transaction costs [60].
GRID Plus’s GRID Tokens
Grid+ introduced the Grid+ Smart agent, a device with integrated Ethereum protocol capabilities, that automatically pays for a customer's electricity usage in real time [61]. The smart agent is an always connected, internet anabled that provides secure cryptocurrency storage, real-time electricity payment processing, automated electricity trading, and intelligent smart load management. Grid+ utilizes a two-token model. The BOLT token, necessary for the Grid+ platform, is a stable coin pegged to the US dollar. It can be redeemed for $1 worth of energy from Grid+ and is backed by USD reserves. The GRID token allows Grid+ customers to purchase electricity at wholesale rates [62]. 
Both tokens are issued on the Ethereum blockchain using the ERC-20 standard.
RowanBlockchain’ ROWN Coin
Rowan blockchain is a tokenized platform designed to encourage more homeowners to adopt renewable energy by offering incentives. ROWN Coin will serve as a versatile currency for energy transactions, allowing customers to buy and sell energy, pay bills, offset carbon footprints with Rowan NFT Carbon Certificates, charge and service EVs, and more [63].
The Rowan energy introduces a unique proof of generation consensus mechanism to generate tokenized green energy certificate and carbon offset certificates combined and reward for small green energy generators. The Rowan SmartMiner tracks and data is converted into tokenized certificates on a rowan blockchain [64].
Rowan energy users can obtain Tokenized Rowan offset certificates, which can be used to offset carbon emissions, and renewable energy certificates, which can be used for peer-to-peer energy trading.
ROWN is a native coin created on private Rowan blockchain. Rowan carbon offset certificates are issued on the Rowan blockchain using the ERC-721 standard.
ElectrifyAsia’ ELEC token
ElectrifyAsia is Southeast Asia's pioneering retail electricity marketplace, offering transparent and secure energy transactions. This Electrify ecosystem will feature energy-focused smart contracts secured on the blockchain and powered by the ELEC token [65]. 
Synergy is the peer to peer energy trading Platform hosted in the market place of Electrify’s eco system used by ElectrifyAsia [66]. Synergy makes it possible for consumers to purchase electricity directly from small-scale renewable energy generators, including rooftop solar and wind power. Synergy will facilitate real-time matches between solar energy producers and consumers, ensuring that all generated solar energy is efficiently utilized. “PowerPod”, an IoT smart equipment, has been developed to precisely track and audit the production of a small-scale energy producer. ELECTRIFY’s new Marketplace 2.0 will be the overarching web and mobile platform, allowing consumers to access all of ELECTRIFY’s services
The ELEC token serves as a utility token within the Electrify ecosystem, facilitating deposit payments for producers and retailers, transaction fees for energy providers, and loyalty rewards for consumers.
The ELEC token, an Ethereum-based ERC-20 token, will serve as an access key to the Electrify Asia ecosystem for both producers and retailers [67].
The case studies are summarized in a tabular format for ease of comparison (see Table 5). Also Characteristic of the tokens analyzed in this paper are presented in tabular format in Table 4.


Table 4:  Studied tokens and their characteristics

	Company
	Country
	Year
	Energy coin/ Tokens
	Chracterisitics

	Power Ledger 
	Australia
	2017
	POWR and Sparkz
	POWR (used to access the platform)
Sparkz (used for energy transactions)

	Dione Protocol
	Canada
	2022
	DIONE
	DIONE can be used as a transaction method for gas fee payments.
Works as a Governance token also.
Validators rewarded with 


	SolarCoins
	 USA
	2014
	SLR
	SLR can be exchanged through online exchanges, Can be accepted for payments, like other digital currencies. Also SLR can be used as a reward for customers and could be used as a loyalty program. SLR could play a role in a revived carbon trade system via crypto carbon credits


	WePower 
	Lithuania
	2017
	WPR
	Each token represents a specific amount of energy to be delivered at a future date

	Grid+ (GRID)
	
	2020
	GRID
Bolt
	cryptocurrency operating on the ETH platform, that gives consumers direct access to whole- sale energy markets (USA)

	Rowan energy
	United Kingdom
	
	RWN
	Energy transactions paying bills, Carbon offset certificates, Charge EV etc

	EnergiMine
	United Kingdom
	2021
	ETK
	Rewards users with ETK tokens for energy saving behavior and using renewable energy. These tokens can be traded or used to pay for energy bills, electric vehicle charging, and other energy related services.

	SunContract
	Slovenia
	2019
	SNC
	Users need SNC tokens to trade on the platform

	ElectrifyAsia
	Singapore
	2017
	ELEC
	Synergy is the P2P energy trading platform
ELEC used as a deposit to gain access to the Marketplace and list their available energy for sale. ELEC tokens to consumers as part of a loyalty rewards program

	Efforce
	Bahamas 
	2018
	WOZX
	The foundational utility token for the EFFORCE platform



Discussions
The considerations on tokenization in the field of energy trading is presented in this study have allowed the authors to formulate a number of conclusions.
The development of standardized interoperability protocols can facilitate seamless communication and data exchange between different blockchain platforms and energy systems. The Internet of Things (IoT) can enable smooth interaction between smart devices and tokens platforms, optimizing energy usage and automating processes. Implementing clear and supportive regulations for P2P energy trading and energy tokens can encourage innovation and wider adoption by governments. Regulations should ensure consumer protection from scams and promote responsible use of P2P energy trading platforms.
Table 5 shows the token’s utility and value propositions.

Table 5: Utility and Value Propositions of Tokens
	Use Case
	Description
	Example of Energy Token

	Investment
	Fractional ownership of renewable energy projects, enabling broader investor participation.
	Power Ledger's POWR token can be used to invest in solar and wind projects. WePower WPR tokens used for investment.

	Trading
	Secondary market trading of energy tokens for increased liquidity and price discovery.
	SunContract's SNC token allows for trading energy directly between consumers and producers.

	Payments
	Streamlined micropayments for peer-to-peer energy transactions .
	Power Ledger's SPARKZ token represents the value of energy traded on the platform,
SolarCoins used as payment like digital currencies

	Carbon Offsetting
Carbon Credits
	Tokenization of carbon credits for efficient trading and verification of emissions reductions.
	ROWN coin can be used to represent carbon credits and facilitate their trading.

	Data Access
	Granting secure access to energy data (e.g., consumption patterns) through token ownership.
	Grid+ utilize tokenization principles to incentivize data sharing for grid optimization.



Conclusions and Prospects for Further Studies:
The study in this paper indicates that the adoption of blockchain technology in the global energy industry is rapidly increasing to address existing challenges and needs. While energy tokens hold great promise, they also face significant challenges and obstacles.
Gaining widespread user and utility adoption remains a key challenge. Collaboration between industry players and continued investment in research and development can drive innovation and address technical challenges. Educational efforts and building trust in the technology are crucial. For energy tokens to be widely adopted, they must integrate seamlessly with existing energy infrastructure.
As the renewable energy sector continues to evolve, tokenization stands out as a key enabler of sustainable practices and economic growth. The intersection of tokenized carbon offsets and blockchain cybersecurity holds immense promise for financing renewable energy projects [68]. Responsible practices and innovative solutions will be key to addressing climate change and securing our digital future, with more efficient trading and tracking of renewable energy assets. 




Table 6:   Overview of the tokens analyzed in this paper.
	Coin
	Symbol
	Consensus Mechanism
	Blockchain Platform
	Geographic Focus
	Token Functionality
	Token 
Standards
	Potential Challenges
	Interoperability
	Type of energy
	Total supply

	Powerledger
	POWR Sparkz
	PoS

	Powerledger blockchain 
(Solana code)
Ethereum
(Previously) 
	Globally
	Platform and  governance rights, Transactions
	Native Coin
ERC-20
Standard
(Previously)
	scalability, price volatility, Regulatory
	Low
	Renewable energy sources
	1 billion

	Solarcoin Classic
	SCC
	PoA
	Energy Web Chain
	Globally
	Rewards
	
Native token
	Market 
	Low
	Solar energy 
	98.035 billion

	WePower
	WPR
	DPoS
	Ethereum 
	Globally
	Energy purchase, potential future staking rewards
	ERC-20
Standard
	Scalability challenges,
Market adaptation
	High
	Renewable energy sources
	750 million
745,248,183

	Grid+
	GRID
	Hybrid -  PoS &PoA
	Ethereum 
	
	Energy purchases
	ERC-20 standard
	Regulatory hurdles, Price volatility
	Low
	Renewable energy sources
	300,000,000

	Efforce
	WOZX
	 PoSA
	Ethereum 
	Globally
	Platform rights and incentives
	ERC-20 standard
	token price volatility,  scalability
	High
	Renewable energy sources
	1 bilion

	Rowan energy
	RWN
ROC
	 PoUG

	Rowan Blockchain
	
	transactions, carbon offset, charge EV
	ERC-721
Standard
	regulatory uncertainty, token price volatility
	High
	
carbon offsets
	545,000,000

	EnergiMine
	ETK
	PoS
	Ethereum 
	
	Incentives and Transactions
	ERC-20
Standard
	Market adoption
	High
	Rewards
	69,017,450

	SunContract
	SNC
	PoS
	SunContract Chain
	EU focus
	Energy purchase, staking rewards, voting on upgrades
	Native Coin
	Regulatory hurdles
	Low
	Solar energy
	120 million
122,707,503

	 ElectrifyAsia
	ELEC
	PoS
	Ethereum 
	Southeast Asia
	Transaction and rewards
	ERC-20 standard
	Market adaptation,
	High
	Renewable energy sources
	750,000,000

	Dione protocol
	Dione
	PoS
	Ethereum
Migrating to
Odyssey
	 Globally 
	transactions and governance
	ERC-20
Standard
Migrating to
(Native coin)
	Scalability, market adoption
	High
	Renewable energy sources
	9,889,892,473
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