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Motivation

Although most countries have the right conditions for renewable
energy dgeneration, businesses have had limited opportunities to
benefit from clean energy. Central to this shift is the utilization of
Power Purchase Agreements (PPAs), which have historically played
an important role in promoting renewable energy and managing the
transition from regulated to competitive electricity markets.



PPAs

A PPA is a contract between two parties:

« Seller: The party that generates electricity.

« Buyer: The party looking to purchase electricity.
The PPA specifies all commercial terms for the electricity
sale, which can include:

Primary Actors Secondary Actors

c _ _ o Offtaker (Buyer) o Government
- Pricing structure: Fixed, indexed, or “shaped” rates. » Power Producer (Seller) « Regulator
_ \ _ _ » Customers/End User
. Start date: When the project will begin commercial « Transmission Company
] e Distribution Company
operation. o Lenders
: : : o : ¢ Construction Company
- Delivery schedule: The timeline for electricity delivery. . ELaer;tsggs[riZtror
- Penalties: Consequences for under-delivery of » System Operator

electricity.

« Payment terms: Conditions for financial transactions.

« Termination terms: Conditions under which the
contract may end.



and fnancial

High
transaction fees. Average PPA
process costs add up to 51
million for each client and the
process can take 12-18 months
to close.

legal

Usually a few large buyers. No
point of entry for smaller buyers.

Limitations

To re-sell or decrease the
quantity of purchased energy, the
whole agreement must Dbe
renegotiated which adds even
more time and costs.

Few large counterparties are
expected to be solvent over the
duration of the contract.



A Virtual PPA is a type of contract, such as:

« Hedge or Contract for Difference (CfD).

In a Virtual PPA:

« The Generator receives the market price for

electricity under the PPA.

« The Generator and Consumer settle the difference
between the market price and the agreed fixed
price.

It is considered "virtual" because:

« There is no physical purchase of electricity involved.

« Similar to most Contracts for Difference, it relies on
financial settlement rather than physical delivery.

In commodities trading, this is common:

« Most trades involve financial settlement rather than

physical settlement.

Virtual PPAs

The power producer sells all generated

electricity at market prices under the PPA.

Producer ————

A financial agreement (like a hedge or contract
for difference) ensures that the producer is paid
the market price under the PPA, while the
producer and consumer settle the difference
between the market price and a pre-agreed

price.

Licensed
supplier/Balancing Party

Consumer

Electricity Grid

The consumer buys the required
power  directly from the
electricity grid at wholesale rates.



Renewable energy is essential for achieving a net zero transition by:
« Reducing scope 2 emissions as defined by the Greenhouse Gas
(GHG) protocol.
« Meeting both statutory regulation and voluntary reporting criteria.
Energy Attribute Certificates (EACSs):
« Are official documents that verify the environmental attributes
linked to renewable energy production.
« Were created to monitor electricity flow from the source to the
end user.
Electricity characteristics:
o It is intangible and requires continuous grid maintenance.
« When purchased, the buyer acquires the right to withdraw a
specific amount from the power grid.
Tracking system:
« The only method to connect the production and usage of a
specific MWh of electricity.

Energy Attributes Certificates

Configuration :Current EAC Schemes

-\\I
Issue Transfer Cancel
EAC » EAC >
Cancelling
Producer Trader Party
Account Account Account
_/.

A
I

. Measurement ' May Claim from
' Data Reporting ' Cancellation

|
I

Y

Production

Device Beneficiary



High legal and fnancial transaction fees,
and the process can take 12-18 months
to close.

Usually a few large buyers. No point of
entry for smaller buyers.

Duplication Issuance or during
transfer: This can occur due to
miscommunication between certifying
bodies, inadequate controls in verifying
existing certificates, technical errors in
electronic processes, or fraud.

Problem

Renegotiates which adds even more
time and fees.

Few large counterparties are expected
to be solvent over the duration of the
contract.

Double registration: in relation to IT
system security and IT operational risks,
the same Certificate could erroneously
get registered more than once.



Blockchain Technology

Blockchain technology can greatly optimize VPPAs by:

- Enhancing transparency, security, and efficiency.
Benefits of blockchain in VPPAs:

« Utllizes a decentralized ledger to ensure all transactions and contract

details are immutable and tamper-proof.

« Builds trust between energy producers and corporate consumers.
Additional capabilities:

« Avoids duplication of assets, as each asset is unique on the blockchain.

- Ensures that renewable energy claims are both credible and transparent.

- Ensures information cannot be changed in the ledger.



Optimism (OP) is a Layer 2 (L2) scaling solution developed to
address Ethereum's scalability challenges.

« Optimism is responsible for developing and operating the OP
mainnet, an L2 solution based on optimistic-rollup
technology.

« The current version of Optimism is known as Optimism
Bedrock.

In blockchain architecture:

« A roll-up is a blockchain that derives its security from a
higher-level chain.

- Ethereum serves as the parent chain for Optimism.

Optimism leverages Ethereum to:

. Store and archive block data in a compressed format,
reducing costs.

. Utilize Ethereum's robust security for enhanced protection of
data and transactions.

Transaction

Old state

New state

L1 (Ethereum)

|_—1 State commitment

Optimistic Ethereum Blockchain




Optimistic Virtual Machine

State transitions represent the changes within the EVM that occur
with every transaction. To prevent off-chain invalid state
transitions, which could cause incorrect transactions when
returning to Layer 1, Optimism introduced the OVM. This ensures
that Layer 2 inherits the security protocols of the EVM and
maintains the integrity of Layer 1.

The OVM handles smart contract execution on the layer-2 chain,
running them "optimistically” (assuming they are correct without
immediate verification).



Because the OVM operates optimistically, it assumes
transactions are valid unless challenged.

« Fraud Proofs: If someone detects an invalid transaction,
they can submit a fraud proof. This initiates a process
where the questionable transaction is re-evaluated on
layer-1 to determine its validity.

« Challenge Period (~ 7 days). There’s a predefined
challenge period where anyone can contest a transaction.
If no one disputes it within this time, it's considered valid
and finalized.

Transactioni
nitiation

Batch
submission 1o
L1

L ]

[ Dispute period {Challenge
Window)

|

Challenge l

=

[ Finality and settlement

)

-

Merkle tree

No Challenge
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Ethereum Standards (ERCs)

In Ethereum, standards refer to predefined rules and guidelines that ensure interoperability, security,
and functionality within the Ethereum blockchain ecosystem. These standards are critical for creating
and interacting with smart contracts, tokens, dApps, and other blockchain-based systems. The
Ethereum Request for Comments (ERC) process defines these standards, with various ERC proposals
addressing different use cases.

For our project, the following ERCs used:

« ERC-1155: This is a multi-token standard that allows a single smart contract to manage both
fungible and non-fungible tokens. ERC-1155 reduces the transaction and gas costs by enabling
batch transfers of different tokens.

« ERC-1888: A relatively newer standard designed for EACs, a specific type of token representing
environmental commodities like renewable energy credits. ERC-1888 facilitates the management,
trade, and redemption of green energy certificates on the blockchain, making it highly relevant for
energy markets and green energy certification projects.




FlexiDAO

FlexiDAO is a software company that provides
digital solutions for tracking and verifying renewable
energy usage and carbon emissions. They leverage
blockchain  technology to offer real-time,
transparent, and reliable data on energy
consumption and its origin.

Related PPA, EACs, P2P Energy
Trading Projects

Wepower

WePower is a green energy trading platform that
uses blockchain technology to facilitate direct
connections between renewable energy producers
and consumers, such as businesses and large-
scale buyers.

PowerlLedger

Powerledger is an Australian technology company
that uses blockchain technology to enable peer-to-
peer (P2P) energy trading, renewable energy
tracking, and carbon credit transactions.



Implementation

Phase 02

Development of a platform for PPA
creation and auction management.

Phase 01 Phase 03
Smart Contracts for Auctions, PPAs, Smart Contracts deployment on OP
User Roles in the dApp, Energy SepoliaTestnet and integration.

Trading, and EAC Issuance.



PowerPPA by Gridustry

*MHame *Surnama

*Repeat Password

PowerPPA @ Dashboard Auctions Portfolio My trades Help . @

Markaet cap GDR Token Price Wolume (24h)
€50,069,420 €0.130887 €7,256,0018

Auctions Overview

Name: Mytilineos Solar Plant Country: Australia

Technology: Solar panels Reglen: Red Cliffs

Capacity: S0MWp Municipality: Victoria

Average yield: 956503 KWh/kKWp Address: Red Cliffs, Victorla, Australia
Land size: 5000 m? Coordinates: -34. 347056, 142115222

Chart  List  Market price

My energy mix \

My green energy

32.54% —
Saved CO,
Green Energy Consumption average in Greece 1456t
6% —

Green Energy Consumption worldwide

25% —

Country

Addrass

PowerPPA Platform

PowerPPA by Gridustry

Telephone number

Birth manth

Gandaer

Province/Regicn/Territery Job title

Postal code

plant 2

- cas centsiin

Al figlds are required

b b s

v

Organization/Company

How will you use PowerPPA?

g Register

My Auctions

Callisto plant

Country: Australia

Region: Red Cliffs

Municipality: Victoria

Address: fed Cliffs, Victorla, Australia
Coordinates: -34.347056, 142115222

Description

This preject consists of 5 stages, T0OMW with the fallawing stages SOMW
each of installed capacity. The praject is located in Victoria, Australia.




PowerPPA Platform

PowerPPA (%)

Create new Auction

N N N
rd 4 4

Plant name

Region

Municipality

Address

Description

Technology

Capacity

All fields are required

Dashboard Auctions Portfolio Mytrades Help & @
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' Type to find on map:
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]
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Upload photos

Start uploading




PowerPPA Platform

PowerPPA @ Dashboard Auctions Portfolio Mytrades Help @ @

Create new Auction

N b Y N
rd 4 4

Duration of PPA

v
Price per kWh
Average yield
Yearly production
Yearly irridiation estimate
Duration of auction
v

All fields are required

" hextsiep



PowerPPA Platform

PowerPPA @ Dashboard Auctions Portfolio Mytrades Help @ @

Create new Auction

0—/0—0—0

Upload files

You must upload all neccesary files for the plant!

See here for the files.

Start uploading




PowerPPA Platform

PowerPPA (%)

Create new Auction

0—/0—0—-0

Dashboard Auctions Portfolio Mytrades Help & @

Plant name:

Region:
Municipality:
Address:

Duration of auction:
Technology:
Capacity:

Duration of PPA:
Price per kWh:
Average yield:
Yearly production:
Yearly irridiation estimate:

Description:

Auction #3456

(28]

SIS
o
Halls Gap

T ITE.

Gl

Danald

Stawel

Chaithon

=1 Amad

Cagiemaie

'.Iarh:::-la'l:
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-]

Request new Auction



PowerPPA Platform

PowerPPA @ Dashboard  Auctions Portfolio My trades Help @ @ PowerPPA @ Dashboard Auctions Portfolio Mytrades Help @ @
Notifications
S Your auction request #3456 has been accepted by PowerPPA! [ Open ] '@'
S Your auction request #3457 has been accepted by PowerPPA! I}
_'1‘- pacHy - Auction request #3456 was successfully sent!
o Your auction request #3476 has been accepted by PowerPPAl I}

Your auction request #3593 has been accepted by PowerPPA! I




PowerPPA (%)

My PPA Wallet

PPA
#4378933

#4378954

#3209861

Transaction logs

TxID

D=098
O=078
O=987

D=556

ET amount

52058

23541

7504

From

D=055
D=055
D=055

0=055

To

0=044

0=044

0=044

0=044

PowerPPA Platform

Collect

{I

Colect

Collect

Amount

1000 ET

1000 ET

1000 ET

1000 ET

Dashboard Auctions Portfolio Mytrades Help & @

Overview

Address of PPA wallet: 0x987dfbfbgj0985bf99tg
Producer: 0x055df98hdf89sdifhd

Buyer: 0x044df98hdf89sdifhd

Plant name: Callisto solar plant

Location: Red CIiff, Victoria, Australia
Technology: solar

Capacity: 50 MWp

Price: €4.9 cents/kWp

Collect

Amount

*Address

0x987dfbfbgj0985hf99tg

*Filled im automatically

Collect

PPA: #4378933



25 remix.ethereum.orgf#lang

DEPLOY & RUN v s
TRANSACTIONS
WalletConnect
Custom (11165420) netwark
£ @

0x9b4...67a2a (0.136 ether)

80000000

ain-energy-trading-&=

anbul

Smart Contracts

MetaMask
Wallet(

‘0 Account]
Switch Network “ o

Deploy a contract

Request from remix.ethereum.org

Network fee 0.0001ETH $0.22 #

= Market -15 sec

[ This is a OP Sepolia Network Testnet transaction only ]

(@ Transaction Hash:
(@ Status:
(@ Block:

® Timestamp:

4 Transaction Action:

3 From:

@ To:

(@ Value:
(3 Transaction Fee:

(3 Gas Price:

0x112a3d622288cf29e5159093e779e5352a6cdf0626b6d3fb44772edB8663bebbf

© Success
19382987 cCenfirmed by Sequencer

(® 23 secs ago (Nov-02-2024 05:28:34 PM +UTC)

Call oxcoeoe040 Method by 0x9b438335...b0aCe7a2a

0x9b43833547645F56185dc68B73f1be3b0aCe7a2a

[ 51 0xb10cb74dad7f68c75ffd656754a7c1568221ced8 Created ] (L) @

4 0ETH
0.00000632630569361 ETH ($0.01)

0.000979952 Gwei (0.000000000000979952 ETH)

Wallet Connect 3

ey METAMASK

= @ Account1 -
© OFP Sepolia Testnet ~

0.136ETH

$338.68 USD Portfelio (4

A8

Send Receive

Activity

B o Ethereum

Back up your Secret Recovery Phrase to keep your wallet and fund:

OP Sepalia Testet

@ Optimism

ﬁ Contract 0xb10CB74dad7f68C75Fid656754A7C1568221¢E48

1.0P Sepolia Testnet

2.Metamask Wallet

3. Solidity compiler version 0.5.16

4.Remix IDE

5.0penZeppelin SafeMath
Libraries

6. OP Etherscan (Verify & Publish)

/.Free Faucets

Search by Address / Txn Hash / Block / Token s Q

Home  Blockchain ~  Tokens +  MFTs ~  More ~

Source Code B
Overview More Info Multichain Info
ETH BALAMCE COMTRACT CREATOR Lk
$0ETH 0x9b438335.. b0aC67a2a (0 at txn Ox112a3ds...
=
Transactions Token Transfers (ERC20) Events
Read Contract Write Contract ( Search Source Code M~
& Contract Source Code Verified (Exact Match)
Contract Mame; PPA Optimization Enabled: Yes with 200 runs

Compiler Version vD.5.16+commit.9c3226ce

Other Settings: default evmVersion, MIT license



Step 1: Algorithm ManageEnergyAvailabilityAndPurchase

Step 2 If producer wants to declare available energy then:

Step 3: Call availableKwhs (buyer, energy, idOfMatchPPA)

Step 4: Validate energy amount is >= 1 kWh

Step 5 Add available energy to listOfkwhs

Step 6 Emit availableEnergyNotification event

Step 7 End if

Step 8 If buyer wants to purchase energy then:

Step 9: If buyer wants to purchase based on PPA:

Step 10: Call buyPPAKwhs (1dOfPPA)

Step 11: Search for matching energy in approved PPAs
Step 12: If matching energy found then:

Step 13: Transfer energy to buyer

Step 14: Update energy records

Step 15: Call iRegistry.issue() to issue EAC for the
buyer (to certify green energy)

Step 16: Emit purchasedPPA event

Step 17: End if

Step 18: End if

Step 19: If buyer wants to purchase a specific energy amount:
Step 20: Call energyTradingPPA (idOfContract, buyEnergy)
Step 21: Validate energy availability and contract terms
Step 22: Transfer specified amount of energy to buyer
Step 23: Call iRegistry.issue() to issue EAC for the buyer
(to certify green energy)

Step 24: Emit purchasedPPA event

Step 25: End if
Step 26: End if
Step 27: End ManageEnergyAvailabilityAndPurchase

Smart Contracts

Developed a smart contract for:
« Registering producers and registering buyers of green
energy, integrating them into a trading network.
Created a smart contract for Energy Attribute Certificates
(EACs):
- Based on the functionalities of ERC1155 and ERC1888
standards.
« Enables the management and tracking of energy
certificates for green energy transactions based on VPPAs.
Developed a complex smart contract that integrates the above:
« Supports the creation of VPPAs.
« Includes an auction process for closing VPPAs.
« Facilitates the buying and selling of green energy based on
activated (closed) VPPAs.
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02

03

04

Results

Streamlined PPA Creation: Enabled the efficient setup of PPAs between energy
producers and buyers.

Efficient Energy Trading: Provided a secure and efficient environment for buying and
selling green energy directly through the platform.

Direct agreements between producers and buyers through the platform eliminate the
need for third-party intermediaries who typically handle PPA negotiations, while RES
Plant Developers can secure investors directly.

Reliable EAC Issuance: Implemented a system for issuing and managing EACs,
ensuring accurate tracking and verification of renewable energy attributes.



Future Directions

This development requires further enhancements and additional security layers to be
ready for production-level deployment.

In the future, this system could be applied to the flexibility energy market, enabling
new use cases, such as:

« Ad-hoc PPAs for electric vehicle (EV) owners, activated each time they plug into
a charging station.
« Allowing EV owners to receive a specified amount of green energy from

Prosumers—individuals with surplus energy from sources like home solar panels
(A new type of marketplace).

This approach would promote seamless and sustainable energy usage, leveraging
on-demand agreements and expanding access to renewable energy sources.
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