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Abstract

This paper examines the potential of blockchain-enabled decentralized peer-to-peer (P2P) renewable
energy trading to enhance global energy access, improve system efficiency, and strengthen climate
accountability. The proposed framework combines smart contracts, loT-enabled smart meters, and
mobile interfaces to facilitate real-time, transparent, and auditable energy transactions. Unlike
traditional centralized grids, this model supports the participation of renewable-deficient regions by
enabling tokenized imports of green energy and integration into carbon markets. By simulating
environmental and economic outcomes across varying adoption levels (10%, 25%, and 50%), the study
provides insights into carbon emission reductions, household energy cost savings, and the implications
for distribution utility (DISCOM) revenues. The analysis also explores alignment with global carbon
compliance frameworks such as Verra, Gold Standard, and the EU ETS. Results suggest that
blockchain-based systems could contribute meaningfully to Net Zero goals and support international
commitments such as the United Nations Sustainable Development Goals particularly SDG 7
(Affordable and Clean Energy) and SDG 13 (Climate Action). While promising, the approach requires
supportive regulatory mechanisms, infrastructure investment, and stakeholder coordination for scalable
deployment. This research offers a forward-looking perspective on integrating digital technologies with
decentralized energy systems to support low-carbon, inclusive growth.

Keywords: SDG 7, SDG 13, Blockchain technology, peer-to-peer energy trading, carbon credits,
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Introduction

The global pursuit of decarbonization and energy equity necessitates innovative energy
systems that go beyond traditional infrastructure. With the urgency to reduce carbon
emissions as per the Paris Agreement and SDG 13, alongside the ambition to ensure
affordable and clean energy for all (SDG 7), centralized electricity systems face growing
limitations. These include energy poverty, transmission losses, grid overload, subsidy
inefficiencies, and the absence of real-time carbon tracking.

Blockchain technology, in combination with IoT and mobile platforms, offers a
revolutionary opportunity to decentralize energy markets. A blockchain-based peer-to-peer
(P2P) energy trading system enables direct energy transactions among producers and
consumers, supported by smart contracts and verified by secure digital ledgers. This not only
fosters local energy generation (e.g., rooftop solar), but also allows renewable-deficient
regions to participate in global green energy and carbon credit markets through digital
integration.

This study proposes and evaluates such a system, focusing on its feasibility, scalability, and
potential impact across diverse energy economies including India, Singapore, Switzerland,
and Jordan.

Obijectives

e Todevelop and test a blockchain-based P2P renewable energy trading framework.

e Tosimulate IoT smart meter integration for real-time energy and carbon verification.
e To enable cross-border participation, including renewable-deficient and rural regions.

~ 207 ~


www.theeconomicsjournal.com
https://www.doi.org/10.33545/26179210.2025.v8.i2.584

International Journal of Financial Management and Economics

e To quantify carbon emission reductions and financial
impacts across adoption levels.

e To align the proposed system with global carbon credit
standards and SDG 7/13.

e To identify and analyze policy, technical, and economic
barriers to implementation.

Materials and Methods

This study integrates blockchain development, 10T data
simulation, mobile app design, real energy data analysis,
and policy evaluation to test a decentralized P2P renewable
energy trading system with carbon tracking.

The blockchain platform was built on the Ethereum testnet
using Solidity smart contracts to automate trades, verify
users, and tag carbon emissions. Python scripts generated
simulated solar energy data every 5 minutes, transmitted
securely via MQTT and hashed with SHA-256 for data
integrity.

A cross-platform mobile app was developed with Flutter
and Figma to enable energy trading, carbon tracking, and
transaction auditing. Real-world datasets from the IEA and
World Bank supported scenario analysis of carbon offsets,
cost savings, and utility revenue impacts at adoption rates of
10%, 25%, and 50%.

The system’s compatibility with global carbon credit
programs (Verra, Gold Standard, EU ETS, CORSIA) and
UNFCCC’s blockchain MRV frameworks was evaluated to
ensure policy alignment.

Analysis & Results

This section presents an in-depth analysis of the
environmental and economic implications of adopting a
blockchain-enabled peer-to-peer (P2P) renewable energy
trading framework. By modeling different levels of adoption
(10%, 25%, and 50%) using real-world data and simulated
conditions, the results offer insights into CO: emission
reductions, household energy cost savings, and impacts on
utility (DISCOM) revenues. The findings reflect how
blockchain infrastructure, combined with decentralized
energy sources, can shift the energy ecosystem toward a
more sustainable, efficient, and user-empowered model.

Overview of Adoption Scenarios

Three adoption levels were considered to simulate varying

degrees of participation by households in the P2P energy

trading system:

e 10% Adoption: Represents early adoption phase in
selected communities.

o 2500 Adoption: Reflects moderate-scale
implementation in mixed urban-rural regions.

e 50% Adoption: Indicates large-scale uptake in highly
solar-optimized zones.

The analysis was grounded in real-world energy
consumption patterns sourced from the International Energy
Agency (IEA) and household-level data provided by World
Bank databases. A 1 MW solar-powered microgrid was used
as a reference model for each scenario.

Carbon Offset Benefits

The implementation of a blockchain-powered P2P system
has a direct effect on reducing carbon emissions by
optimizing the use of solar energy locally and minimizing
reliance on fossil-fuel-based grids.

https://www.theeconomicsjournal.com

e At 10% adoption, the system is capable of offsetting
around 450 tons of CO: annually. This is equivalent to
taking approximately 100 passenger vehicles off the
road per year.

o At 25% adoption, the offset increases to 1,150
tons/year, representing significant emissions reduction
potential when deployed across smart villages and peri-
urban areas.

e At 50% adoption, the offset reaches 2,300 tons/year,
highlighting the exponential climate benefits when such
systems are adopted at scale.

This demonstrates that carbon offset through decentralized
green energy not only supports India's Intended Nationally
Determined Contributions (INDCs) under the Paris
Agreement but also strengthens the case for international
carbon credit recognition.

Economic Impact: Household Cost Savings

One of the most direct benefits to households participating
in the P2P system is the reduction in monthly electricity
expenses due to localized generation, minimal transmission
loss, and dynamic pricing via smart contracts. The results
show the following average cost savings:

e INR 6,000/year per household at 10% adoption

e INR 8,000/year per household at 25% adoption

e INR 10,000/year per household at 50% adoption

This savings is especially critical for lower-income
households in rural India, where monthly energy bills
constitute a significant portion of disposable income. The
ability to transact directly, sell excess energy, and gain
carbon credit incentives creates a new income stream while
promoting energy security.

DISCOM Revenue Impact

Despite the benefits to consumers and the environment, one
notable drawback of decentralized trading is its potential
impact on the revenues of conventional electricity
distribution companies (DISCOMs):

e  -3% revenue decline at 10% adoption

e  -5% revenue decline at 25% adoption

e  -7% revenue decline at 50% adoption

While the decline is moderate, it could pose challenges in
states where DISCOMSs are already financially stressed.
However, the study argues that DISCOMs can transition to
new roles as platform operators, regulators, or facilitators in
the energy transaction ecosystem. This shift would require
regulatory clarity and new business models.

Comparative Scenario Modeling

Using Python for simulation and real-time energy

generation data (every 5 minutes), the model compared

outcomes with and without blockchain implementation:

e With blockchain: Transactions are faster, tamper-
proof, and allow carbon tagging.

e Without blockchain: Transactions require manual
validation, are prone to losses and fraud, and lack
carbon traceability.

The blockchain model also enhances trust between
prosumers and consumers, allows fractional ownership of
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solar assets, and automates settlements using tokens,
providing further scalability.

Policy and Regulatory Alignment
Each adoption scenario was evaluated against leading global
carbon compliance systems:

Verra: Supports voluntary carbon offsets; blockchain
supports automated MRV (Monitoring, Reporting, and
Verification)

Gold Standard: Emphasizes sustainable development
co-benefits, which  blockchain can  document

https://www.theeconomicsjournal.com

transparently

EU ETS: Although complex, the model aligns with
traceability and digital tracking standards required in
the European carbon market

CORSIA: Allows future integration with aviation-
related offset mechanisms

The analysis supports that blockchain-enabled systems, if

standardized, can

integrate  with global markets and

facilitate cross-border renewable energy certificates (RECs).

Table 1: Summary of Scenario Impacts

Adoption Level (%) | CO: Offset (tons/year) | Avg Cost Savings (INR/Household) DISCOM Revenue Impact (%)
10% 450 6,000 -3%
25% 1,150 8,000 -5%
50% 2,300 10,000 -71%
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Chart 1: CO: Offset by Adoption Level

Here are the three charts visualizing the scenario
impacts:

CO: Offset by Adoption Level: Shows a positive
linear increase in CO: offset as adoption rises.

Average Household Savings: Illustrates an upward
trend in savings from 26,000 to 310,000 with higher
adoption.

DISCOM Revenue Decline: Indicates a growing
negative impact on revenue from -3% to -7% as
adoption increases.

Future Considerations

Scalability: Results from a 1 MW model can be scaled
for urban solar grids, industrial microgrids, and
interlinked village clusters.

Grid Interoperability: Integration with existing smart
grid efforts in India, like those by the Ministry of Power
and SECI (Solar Energy Corporation of India).

Global Export: India can export this blockchain-
energy model to emerging economies with similar
energy access issues (e.g., Sub-Saharan Africa,
Southeast Asia).

Chart 2: Avg Household Savings vs Adoption

Chart 3: DISCOM Revenue Decline

Recommendations
Regulatory Support and Policy Frameworks

Government agencies such as CERC, MNRE, and state
regulatory commissions must establish clear guidelines
for blockchain-based energy trading.

Amendments to the Electricity Act should recognize
P2P energy models and enable participation of
prosumers.

Public-Private Partnerships (PPPs)

Collaborations between DISCOMs, tech startups, and
local governments can accelerate pilot implementations
and infrastructure deployment.

DISCOMs should be incentivized to act as neutral
facilitators or transaction verifiers within the P2P
ecosystem.

Digital Literacy and Capacity Building
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Carbon Credit Market Integration

e Establish a national registry that integrates blockchain-
tagged carbon offsets with recognized carbon credit
mechanisms like Verra and Gold Standard.

o Encourage prosumers to register their emissions data to
monetize environmental benefits through voluntary or
compliance markets.

Financial Incentives

e Offer capital subsidies, tax rebates, or low-interest
loans for early adopters and small-scale prosumers.

e  Carbon offset earnings and energy sale revenues should
be made easily redeemable or convertible into monetary
incentives.

Limitations

1. Infrastructure Constraints

e High initial costs for smart meters, solar panels, and
blockchain nodes can be a barrier for small households
and villages.

e Internet connectivity and power reliability in remote
areas may affect the real-time functionality of the
system.

2. Regulatory Uncertainty

e Lack of clear regulations around blockchain
technology, smart contracts, and tokenization in the
energy sector may delay scale-up.

e Carbon market integration faces administrative hurdles,
especially with international markets.

3. DISCOM Resistance

e DISCOMSs may resist the model due to revenue erosion
and fear of loss of monopoly, even if new roles are
proposed.

e Transitioning to a platform operator role may require
restructuring of their business models and workforce.

4. Cyber security & Data Privacy

e Though blockchain offers enhanced security, breaches
at device or smart meter level (e.g., 10T vulnerabilities)
can compromise the system.

e Ensuring personal data protection in P2P energy
transactions is vital, especially when integrated with
financial wallets or Aadhaar-linked systems.

Future Scope

1. Urban Smart Grid Integration

e Expansion into city-wide smart grid systems with real-
time energy balancing and demand response
capabilities.

e Integration with EV (electric vehicle) charging
infrastructure to allow vehicle-to-grid (V2G) energy
trading.

2. Cross-Border P2P Energy Exchange

e Use of blockchain to facilitate energy trading between
countries with interconnected grids (e.g., SAARC or
BIMSTEC region cooperation).

e Potential for cross-border carbon credit issuance and
green bond tracking.

3. Tokenized Energy Markets
e Development of a national or regional “Green Energy
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Token” that allows fractional investment in renewable
energy and trading of energy assets.

e Creation of secondary markets for prosumers to
exchange energy rights, much like stock or crypto
trading.

4. Al-Enabled Energy Optimization

e Integration with Al to optimize grid loads, forecast
energy production, and automate pricing based on
predictive analytics.

e Al-driven fraud detection and anomaly reporting in
blockchain-based energy logs.

5. Academic and Institutional Research

e Encouraging interdisciplinary research on blockchain-
energy convergence through 1Ts, 1IMs, and global
think tanks.

e Publishing open-source case studies and data sets for
modeling P2P microgrids in diverse socioeconomic
contexts.

In conclusion, the analysis proves that blockchain-based
P2P renewable energy trading is not just a technical concept
but a viable solution that delivers measurable benefits. It
aligns with India’s climate goals, fosters local
entrepreneurship, and enables participation in the global
carbon economy, provided regulatory and technical
infrastructures are harmonized.
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