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Abstract—Renewable energy generators have increased in
number in recent years to meet the demand for the green
transition. However, the inconsistent nature of the output from
these sources, coupled with fluctuation in demand and market
spot prices produces significant financial risk for renewable
generators. An inflexible market structure exacerbates these
effects, and renewable generators may benefit from a remodelled
revenue distribution system. A potential solution to these problems
could lie in distributed ledger technology, specifically blockchain.
Advances in this technology have given rise to smart contracts—
autonomous, immutable and transparent computer programs
that reside on the blockchain network—that can enable new
business models. This paper looks to utilise advances in blockchain
smart contract technology to create a novel system for managing
revenue streams. The paradigm suggests tokenising the right to a
generator’s regular market remuneration, creating a new financial
tool for stakeholders. A blockchain program consisting of a smart
contract is developed, serving as an investigation into the granular
workings of such a system. This smart contract manages generators
and stakeholders, while directing the movement of tokens and
currency. The code is deployed to the blockchain, and tested with
simulated transactions to demonstrate the effectiveness of the
mechanism. Further development of such a solution, specifically
revenue sharing between grouped generators, could offer significant
stability to financial models for renewable energy generators.

Keywords—blockchain, smart contracts, electricity markets,
tokenisation

I. Introduction

RENEWABLE energy generation presents a vital part of
the transition towards a fully decarbonised energy supply.

These technologies, however, present a myriad of challenges
related to variance of supply, due to dependence on weather
patterns. This translates into volumetric risk on the generators’
parts [1], and they may experience cashflow problems in
unfavourable weather patterns. These problems are further
exacerbated by current remuneration and financial handling
methods available to generators [2]. Often these are inflexible
and unsuited to the evolving field of renewable energy.

To these ends, a commonly-used financial instrument is that
of the Power Purchase Agreement (PPA). A PPA aims to offset
the upfront cost of renewable generation by first receiving a
down-payment from the buyer. Buyers are large-scale offtakers,
typically commercial entities with significant demand, that enter
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into contractual agreements to purchase energy at a fixed price
for a fixed time [3]. Such PPAs have the disadvantage of being
inflexible, serving only to mediate an arrangement between a
single buying and selling pair. This shortcoming, coupled with
the necessary scale of the offtaker, presents a potential need for
more flexible and accessible solutions based around financial
handling and distribution for renewable generators.

A growing base of research suggests Distributed Ledger
Technology (DLT) as a potential tool. The term refers to
a category of decentralised computing, closely related to
blockchain technologies. This technology was originally de-
veloped as a transparent and secure means of facilitating the
transfer and storage of value [4], culminating in the high-profile
rise to popularity of cryptocurrencies. A further evolution
of blockchain came in the form of smart contracts, which
built on the technology for additional functionality [5]. The
term refers to decentralised computer programs residing on
the blockchain which execute under certain conditions without
the need for an intermediary [6]. That is, they function as
transparent and autonomous financial handling tools, and can
oversee the dispersal of native cryptocurrencies to stakeholders
without human input. Applications built with smart contracts
are commonly known as dApps (decentralised Applications).

Such smart contracts serve as the basis of Decentralised
Finance (DeFi). This philosophy sees blockchain applications
imitating traditional finance mechanisms, while drawing on the
accessible and transparent nature of the underlying blockchain
basis. DeFi methods have presented evidence as a solution to
financial risk [7], specifically, the application of cryptography
in the form of blockchain [8]. These applications have been
modelled and implemented as a way of optimising financial
arrangements for renewable energy generators, particularly in
transactive energy applications [9].

In response to the challenges facing renewable generators,
and inspired by ideas from the sphere of blockchain and DeFi,
this paper presents the concept of Revenue-bearing Tokens
(RevToks). First proposed in [10], these are cryptographic
assets that represent the inherent right to draw funds from a
specific generator’s regular market proceeds. Authors in [10]
propose a speculative new paradigm for the electricity industry
using such tokens to mediate financial relationships between
electricity buyers and sellers. The purpose of the current paper
is to show the feasibility of this novel system by developing
the underlying code and committing it to the blockchain.

In this model, electrical generators are free to tokenise a
portion of their revenues. In other words, a blockchain dApp
allows them to mint RevToks that represent a partial claim to



the money they receive for electricity sales. Generators are free
to then sell and transfer these RevToks as required. From the
point of view of the RevTok holder, their investment resembles
a traditional dividend-paying stock. Tokens may be held by all
stakeholders, including private investors, financiers, or other
generating firms.

In return for a generator’s energy production, proceeds
are paid out as cryptocurrency by the existing electricity
pool market operator at predefined regular intervals. These
proceeds, however, are managed and distributed by bespoke
smart contracts. The smart contracts observe token ownership,
and autonomously distribute funds based on the presence of
these tokens in users’ blockchain wallets.

In simple terms, an individual receives a pro rata portion of a
renewable generator’s regular financial outturns by holding that
generator’s associated RevTok. This arrangement is illustrated
in Fig. 1, with red tokens representing RevToks and blue Ether
tokens representing the cryptocurrency whereby payments are
made.

Work in [10] presented a high-level simulation of such
an arrangement whereby generator revenue streams were
subdivided and tokenised. The authors applied modern portfolio
theory to such tokens, serving as a financial optimisation method
for token holders. Results showed evidence as to the benefits of
implementing the RevToks paradigm for renewable generators,
serving as a means of decreasing their income variance, thus
addressing both the price and volumetric risk that renewable
generators endure [11]. This serves as an incentive to continue
research into tokenised revenue streams as a tool for electrical
generators.

The current paper takes a more fundamental approach
to the tokenised revenue streams mechanism. The authors
continue the narrative of the proposed RevToks-based system
by developing the required novel smart contracts for these
applications. This serves as an exploration of how token and
revenue handling mechanisms may be implemented in a real-
world setting. These functions are developed here to address
participant and generator handling, as well as RevTok and
token distribution. Finally, a test-case is performed, utilising
a real blockchain network. Thus, drawing on evidence from
previous work, this paper attempts to establish the viability
of real-life operation of tokenised revenue stream systems as
financial handling and distribution tools in an electrical power
context.

II. Outline of Implementation and Assumptions

The most common existing arrangement in power systems
see generators selling exclusively to a central pool market
operator. Therefore generator incomes stem from a single
source; their sole export is bought by a single entity. Al-
though inspired by decentralised concepts from blockchain,
the paradigm proposed in [10] and continued here assumes that
this existing electricity pool market operator remains in place.
Since the source of revenue is trusted, regular and secure, the
authors believe that the RevToks-based paradigm is a good
fit for this arrangement, and serves to address blockchain’s
Oracle problem [12]. In the proposed arrangement the entity
that provide remunerations to electrical generators and manages
the provision of electrical energy is almost unchanged [13].
The market operator in existing arrangements is already making
monetary transfers on a regular period to some address or bank
account. The significant change here comes in the form of
how the market operator distributes these funds. The proposed

RevToks paradigm assumes that novel smart contracts, as
developed here, are in place that can receive funds from the
pool market operator in the form of cryptocurrency [14], a
minor change in how remunerations are settled. These smart
contracts manage RevToks and track their ownership, offering
token holders the absolute right to draw these funds. Pool
market operators will regularly pay out to these smart contracts
at predefined times, an obligation that they publicly and credibly
commit to. It is assumed that a portion of tokenised funds are
paid out the generator i.e. generators hold some of their own
RevToks, but this is excluded from Fig 1 for clarity.

The below assumption, adapted from [10], summarise the
above points and serve to guide the current technical solution
and implementation.

• There exists a central mandatory pool market opera-
tor that buys electricity from generators and settles
revenues based on energy markets outturns [13], [14].

• Inalienable, self-enforcing claims on these revenue
streams can be subdivided and tokenised into RevToks,
which can be transferred, traded, and stored [14]–[16].

• The pool market operator sends funds in the form
of crypto stable coins to a dedicated smart contract
that autonomously and transparently oversees monetary
distribution to RevTok holders.

The above assumptions will serve as the template for the
current paper’s proposed revenue distribution arrangement.
Solutions presented here will attempt to implement this model
using modern blockchain development standards and practices,
demonstrating its potential for real-world application.

The primary focus of this paper is placed on the im-
plementation of a tokenising mechanism for revenue of a
renewable generator to test the RevTok concepts real-world
application. Additional supporting functionality is included,
such as groupings for administration, which could allow novel
solutions to financial risk and further optimisations of renewable
generators’ business models. The code developed here also
includes the revenue distribution mechanisms that distribute
generation proceeds based on RevTok ownership.

III. Methodology

To develop a tokenising mechanism to test the RevToks
concept in a real-world scenario, a smart contract solution was
tested using modern blockchain development standards and
materials.

The solution for a revenue tokenising mechanism for gener-
ators is deployed using smart contracts written in solidity with
associated testing carried out using JavaScript. This contract
utilised the Ethereum Virtual Machine (EVM), a “virtual state
machine that ... is a quasi-Turing complete machine” [5]. This
virtual machine updates the state of the blockchain and allows
code to be executed in transactions on a decentralised ledger.

Solidity is a “statically-typed curly-braces programming
language” stored on a block chain [17] and is used for the
development of smart contracts. This code executes statically
through function calls, performing computation or storing data
in variables. The smart contract code functions both to store
and distribute tokenised funds for generators’ revenue streams.
The Hardhat framework [18] was used to manage and deploy
this system to a Goerli test network, a development environment
for the Ethereum network.



Fig. 1: Regular periodic revenue distribution schemes for electrical generators based on a proposed mechanism in [10]. Ethereum logo used
courtesy of [5].

The code makes use of the OpenZeppelin [19] library
of audited smart contracts to implement some boiler-plate
functionality. These open source contracts provide pretested
contracts which can be imported and utilised the the current
implementation. This is particularly common when working
with implemented token standards such as ERC-20 or ERC-
1155, which allow for interoperability with other systems. The
exact token standard used in this case study is discussed below.

A. Token Standard

This paper utilises the the ERC-1155 token standard, chosen
due to its flexibility in deployment and divisibility into unique
granular units. The ERC-1155 token is “a standard interface
for contracts that manage multiple token types” as outlined in
[20]. In essence, this means there is a standardised version of
this token that everyone agrees to operate by. This token can
be either deployed separately or in batches and can be fungible
or non-fungible, coupled with an adjustable supply. This, in
turn, allows flexibility in deploying different arrangements of
investments for different generators. As an example, a unique
token may be minted for each individual stakeholders who
interact with the system, all stored on the same smart contract.

B. System Overview

This implementation consists of a single smart contract,
deploying the ERC-1155 token standard. This single contract
will manage all funds and interactions for renewable generators
through function calls and stored variables. The system diagram
and interactions of this smart contract is outlined in Fig. 1.

All transactions are carried out directly on the Ethereum
network, thus, any mention of funds or fees can be assumed to
be directly in the native Ether cryptocurrency, unless otherwise
stated. The use of Ether is done here for standardised operation
on a test-net. Real-world application of such a solution would
utilise a stable-coin which is a cryptographic token pegged
directly or algorithmically to a fiat currency such as the Dollar
or Euro.

For simplicity of testing and demonstration, all transactions

will use the lowest denomination of Ether, Wei1. This allows
for a simpler demonstration of value being moved through the
contract with less Ether required while simultaneously ensuring
the functionality of all operations.

Function calls are made directly to the deployed smart
contract address through the use of Scripts written in JavaScript
or through the use of the REMIX IDE [21]. REMIX provides
an integrated development environment for deploying smart
contracts and a user interface for the blockchain optimising
this code.

IV. Results

The deployed implementation seeks to provide a practical
implementation of the system outlined in [10] to demonstrate
tokenisation of a revenue stream in an electrical power context.
This is accomplished by developing a smart contract to facilitate
the RevToks arrangement, such that a certain amount of a
generator’s revenue stream can be tokenised and distributed
through an autonomous smart contract. Code for the primary
Revenue Tracking contract of this system is detailed below,
with accompanying demonstration of transactions. This can be
viewed deployed on the blockchain and transactions viewed at
a block explorer service such as Etherscan.

A. Revenue Sharing Contract

Acting as a central contract for this system, the revenue-
sharing contract will handle the management of funds deposited
by a market operator for onward redistribution. To do so the
contract will make use of the ERC-1155 token standard to
allocate tokens in exchange for Ethereum to track revenue for
each generator. All funds will be stored at this contract address
once deployed to an EVM-compatible chain.

The contract is initialised with a set number of unique ERC-
1155 tokens that can be issued when a generator is added to the
contract. Initially, the contract operator creates groupings for
more granular control of generators and payments. This operator
can be a regulated entity, third party entity or public body
depending on the market circumstances. Groups are created

11 Ether = 1018 Wei.



using the createGrouping function as shown in Listing 2. These
groupings will hold basic data, such as an ID, list of developers
and current balance of the of the group. Groupings are an
additional management feature for the contract’s operators to
organise generators and respective funds. These groupings are
not essential for basic operation of tokenising of a revenue
stream rather are supplementary for administrative tasks. This
process corresponds to step 1 in Fig. 1.

Listing 1: Create Grouping
//Sets up a group and populates a new struct with

data
function createGrouping (uint256 _id) public

onlyOwner{
//Sets ID for group and balances to 0
RevGroup storage group = groupings[_id];
group.id = _id;
group.balance = 0;

}

Next, the operator will add a generator to this contract by
calling the addGenerator function. This assigns one of the
unique tokens to that generator for tracking of any deposits. A
set price is also given for the token, for example a token may
be set to equal one Dollar or Euro in the equivalent amount
of Ether depending on the market. Finally, the generator is
added to a grouping and their balance is initialised to zero.
This process is illustrated in step 2 of Fig. 1.

Listing 2: Adding Generator
//Adds a generator to a set group and sets mappings

for there grouping, tokenID and the price of
that token.Takes the generator , a group, a new
token ID and the token price as arguments.
function addGenerator (address _generator ,

uint256 _group, uint8 _tokenID , uint256
_price) public onlyOwner{
RevGroup storage group = groupings[_group];
//Adds the generator’s details to the group

for storage.
group.developers.push(payable(_generator));
tokenID[_generator] = _tokenID;
price[_tokenID] = _price;

}

A portion of the revenue owed to the generator from
electrical generator will be tokenised by calling the addDeposit
function shown in Listing 3, and demonstrated in step 3 of
Fig. 1. This function takes the address of the generator, their
assigned group and unique token ID. A transaction calling this
function on the blockchain will also contain the associated
funds owed for that payment, which will be sent with the
function call. The contract then receives the Ether to be held
at its address. The function will then update the balances for
the generators address within the contract. Finally, the number
of the generators unique tokens to be minted and transferred
is calculated based on the token price and amount of Ether
received.

Listing 3: Add Deposit
//Function for tokenising a fixed amount of revenue

for a generator.
function addDeposit (address _address ,uint256

_group , uint8 _tokenID) public payable{
//investment balances for the generator and

grouping are updated.
investment[_address]+=msg.value;
RevGroup storage group = groupings[_group];
group.balance += msg.value;
//amount of tokens to be minted is determine

from the token price and the value sent
uint256 amount = msg.value/price[_tokenID];
_mint(_address,_tokenID,amount,"");

}

A call to the contract will then made using the payout
function shown in Listing 4. The function receives the
generator’s address and grouping as arguments. This will
transfer the correct amount of funds to the generator’s address
based on the number of tokens they hold. These values are
calculated by retrieving the balance of the ERC-1155 token
from the generator’s wallet address and calculating the total
percentage value of the token supply using native functions of
the ERC-1155 standard. This final process corresponds to the
labelled 4 in Fig. 1.

Listing 4: Payout
//Calls the contract to payout the amount owed to

the user taking their address and group as
payment.

function payOut ( address payable _address , uint256
_group, uint8 _tokenID ) public {
RevGroup storage group =groupings[ _group];
// validates the contract has required funds
require ( address (this). balance >= group.

balance," Invalid Transaction ");
// calculates the amount dividing by group

length incase of multiple members
uint256 _balance = balanceOf(_address ,

_tokenID);
uint256 _price= price[_tokenID];
uint256 _amount = _balance*_price;
// Success condition for transfering funds
(bool success ,)=address(msg.sender).call{

value: _amount ("");
require(success, "Failed to send ether");
// Updates contract balances to reflect

change
investment [_address] -= _amount ;
group.balance -= _amount ;

}

B. Testing of Revenue Sharing Contract

A case study is performed that sees a simulation of a revenue
stream and handling through this contract. This demonstrates
the process of tokenising revenue and releasing of funds. A four
step process, as outlined in Fig. 1, represents the fundamental
mechanism whereby the RevToks paradigm operates. Theses
four steps are described below, with numbered labels matching
the illustrated steps in Fig. 1 and corresponding to the smart
contract functions developed in Listings 1 to 4. Associated
real-world blockchain transactions for each step are outlined in
Table I, numbered by their corresponding steps. Transactions
are available via Etherscan.

1 Grouping for storing and management of generator’s
data is created to initialise the contract.

2 Generator is added to the platform, creating an unique
token to represent their revenue stream.

3 Funds owed to the generator from electrical
generation are sent to the smart contract address,
updating balances and minting new tokens which are
transferred to the RevTok holders blockchain address.

4 Payout is then called and funds are released to the
RevTok holders based on their corresponding token
balance

Additional arrangements, as discussed in section IV-C, are
not demonstrated here, although such functions are possible
within the current implementation.



TABLE I:
Deployment Cost per Contract

Phase Step Transaction Block ID Cost in
Ether

Wei
Transferred

↣ Set Up 1 Group Creation by Scheme Operator [22] 8136072 0.000155
2 Generator W-S-S Added by Scheme Operator [23] 8136069 0.000243

⟲ Operation
3 Remittance of Revenue Earned by W-S-S in Pool by Market Operator [24] 8140074 0.002765 +9278
4 Withdrawal of 80% of this Revenue by RevTok holder 1 [25] 8136062 0.000120 -7422
4 Withdrawal of 20% of this Revenue by RevTok holder 2 [26] 8136062 0.000120 -1856

TABLE II:
Stokeholder Valuations

Stakeholder Portion of
RevToks

Held

Wei Produced/Claim

Generator W-S-S - 9278 Produced

RevTok holder 1 80% 7422 Claimed
RevTok holder 2 20% 1856 Claimed

All transactions shown above according in real-time on the
Ethereum test-net using function calls and blockchain addresses.
Beyond the use of real Ether or stable coin assets any practical
implementation would follow the same procedure. 1 and 2
constitute the setup of these contracts and the addition of
generators. 3 and 4 , showcase the main functionality of
the system, revenue being deposited, tokenised and transferred
to RevTok holders and that revenue being transferred to these
holders. In practice these latter steps would be repeated regularly
over the systems lifespan, tokenising revenue and transferring
funds.

For the purposes of demonstration a revenue transfer and
withdrawal was tested with these transactions using data from
[10]. Generator W-S-S, a 20MW windfarm based in the West of
Germany was used as case study. Its total energy production for
the 30th of November 2015 was 348Wh, and this generated a
total of revenue of e9278 to be paid out by the mandatory pool
market operator. As previously mentioned, for testing purposes
1 Wei will be assumed to be e1 of value in all transactions
sent to the contract, due to current economic conditions of the
test-net [27].

At the end of this same day withdrawal transactions were
called by the two RevTok holders who hold fractional claims
on this enduring revenue stream emanating from the mandatory
pool market. RevTok holder 1 held 80% of the supply of
RevToks while Token holder 2 held 20%. Table II shows the
amount of revenue paid out in respect of this generator by the
pool market operator, along with the claim each RevTok holder
has on the total tokenised revenue stream. Notably, the RevTok
holders are anonymous, and it practise a generator such as
W-S-S may wish to themselves hold a fractional share of their
own revenue stream.

Table I describes the practical function, including the Set
Up phase where financial mechanisms are put in place, and
the Operation phase that sees the revenue tokenisation and
distribution carried out as in the case study. The transaction
costs of the exchanges are included, as well as the volume of
funds transferred in each steps. Step numbers remain consistent

with Fig. 1.

The current system demonstrates the potential simplicity
of this financial mechanism, from a generator’s perspective,
when implemented in Solidity on a compatible blockchain.
Financial benefits can be seen from such an arrangement. Total
costs associated with the above operations, including the initial
deployment of the contract amounted to 0.006768 Ether or
approximately $8.88 at the time of writing.

C. Extended Functionality

The system outlined above allows for certain extended
functionality and flexibility inherent in its design. These features
are non-essential for the mechanism of tokenising a revenue
stream but outline novel use cases for managing financial
arrangements beyond revenue management.

In particular, the creation of groupings for administrative
purposes, as mentioned previously, is one such feature. Groups
will be created to manage investments of generators. These
groupings will hold basic data, such as an ID, list of developers
and current balance of the of the group. Sets of generators can
then be easily grouped or revenue split in novel ways among sets
of generators allowing for investment pooling or more complex
financial arrangements between generators. Full functionality
for investment groups of generators has been implemented in
this contract in line with the models discussed in [10]. These
transactions were not shown here as it is beyond the scope of
the current discussion. Finally, due to the fungible nature of
these assets and use of a public blockchain, further reselling
arrangements can be utilised. Examples of such arrangement
could included novel arrangements of generation contracts or
investment opportunities [28]. The current implementation of
a tokenising mechanism in the form of a smart contract offers
support for the development of this extended functionality.

V. Conclusions

Renewable energy generators are an important part of
combating climate change. However, the intermittent nature of
their generation makes them subject to cash-flow risk. This is
exacerbated by an inflexible market structure, with current
hedging and remuneration methods being impractical and
unsuited to the unprecedented nature of these non-dispatchable
generators. Therefore, opportunity exists for a new revenue
handling mechanisms that could serve to accommodate the
unique needs of these generators and indirectly incentivise
renewable energy investment.

Inspired by developments in the world of DeFi and cryp-
tocurrencies, this paper develops a revenue distribution method
based on blockchain smart contracts. The paradigm proposed



here suggests tokenising the regular monetary remunerations
of large-scale electrical generators into RevToks, or Revenue-
bearing Tokens. These RevToks serve as inalienable rights
for token holders, in the form of stakeholders or investors, to
freely draw pro rata shares of the regular periodic incomes
from electricity sales. In this model the central electrical pool
market operator remains in place, serving to the source of
payment. However, this market operator credibly commits to
the transparent use of a smart contract as means of distribution
of funds.

Based on previous work, this paper developed the smart
contract required in the implementation of the RevToks system
described above. Thereby this paper served as an exploration
into the more fundamental workings of the system. The smart
contract deployed in the above example has the functionality
necessary to operate a tokenised revenue stream with real-time
modelling necessary to allow for the integration of current
business models. The novel smart contract was designed so as
to manage stakeholders, including generators and token holders.
It also oversees the tokenisation of regular payments from the
pool market operator (as electricity sales), and the autonomous
distribution of these funds to the respective token holders. The
smart contract was tested on a real blockchain network, and
showed evidence of facilitating seamless autonomous payments,
observing the presence of tokens and enabling owners to claim
funds.

The above demonstration highlighted the effectiveness of
tokenising revenue streams for renewable generators. The
current implementation of a revenue-sharing mechanism based
on a tokenised income thus has benefits over traditional financial
arrangements, particularly within power systems. The case study,
however, did not show the extended ability of the paradigm for
managing groups of investors and sharing revenue through the
smart contract. Further development of this deployment can
utilise these features by creating a front-end management system
to integrate and feed calculated data to the smart contract for
processing. The RevToks method can thus serve as a hedging
mechanism for the reduction of volumetric and price risk on
the part of generators, or may allow offtakers to offset their
own electricity costs.

Future development of this solution and implementation
should attempt to integrate it more closely with existing systems.
This could be achieved by developing a usable user interface,
along with the addition of other serving oracle contracts that
can provide working data on prices and generation. These
developments would allow for easier adoption of this solution
within the business model of many renewable generators.
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