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Abstract

This methodology article presents a novel framework for implementing blockchain-enabled peer-to-peer (P2P)
solar photovoltaic (PV) trading as a dual-purpose strategy for climate adaptation in African cities, specifically
targeting urban heat island (UHI) mitigation. It addresses the lack of integrated methodologies that link
decentralised renewable energy markets with measurable urban cooling co-benefits in data-scarce contexts.
Focusing on Lagos, Nigeria, from 2021-2026, the proposed mixed-methods approach combines a technical layer
—a permissioned blockchain platform for secure P2P transactions—with a rigorous empirical monitoring protocol.
This involves deploying a calibrated network of low-cost sensors across participating households to collect
longitudinal, high-resolution data on surface temperatures, energy generation, and trade volumes. The
framework’s validation phase (2024-2025) is designed to test its capacity to incentivise rooftop PV proliferation,
thereby reducing anthropogenic heat from centralised grids and altering local albedo. A core methodological
contention is that the systematic integration of transactional and biophysical data is essential for robustly
quantifying the UHI mitigation directly attributable to the P2P mechanism. The significance lies in providing
urban planners and energy policymakers with a replicable, evidence-based tool to concurrently advance energy
security and climate resilience. This work underscores the potential of locally contextualised technological
solutions to address interconnected socio-environmental challenges.

Keywords: Blockchain, peer-to-peer energy trading, urban heat island mitigation, West Africa, rooftop
photovoltaics, methodological framework, climate adaptation

INTRODUCTION

The potential for blockchain-enabled peer-to-peer (P2P) trading of rooftop solar photovoltaic (PV)
energy to mitigate the urban heat island (UHI) effect in cities such as Lagos represents a convergent
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research interest (AKBAR et al., 2025). This synergy arises because distributed solar generation can
directly reduce heat emissions from buildings and the grid, while P2P trading incentivises its adoption.
Several studies provide foundational evidence for this linkage. For instance, research on network-

constrained P2P trading demonstrates blockchain’s role in efficiently integrating distributed solar
resources into urban grids, a prerequisite for UHI mitigation (Ping et al., 2026). Complementary work

confirms that blockchain-based frameworks can securely facilitate energy transactions among
prosumers, thereby promoting localised solar generation (Abdelsalam et al., 2025; Zulfigar et al.,

2025). Furthermore, analyses of P2P platforms highlight their capacity to accelerate rooftop solar
deployment, which can reduce anthropogenic heat waste (Sinha, 2025).

However, the specific contextual mechanisms through which blockchain-P2P solar trading
translates into measurable UHI attenuation in dense, tropical urban environments remain underexplored
(Abdelsalam et al., 2025). Existing studies often focus on technical market mechanisms or grid
stability in isolation (Farhoumandi et al., 2025; Leong, 2025), or report divergent outcomes

regarding scalability and fairness that suggest significant contextual dependencies (Boumaiza et al.,
2025; Shukla & Mathuria, 2025). This gap is particularly salient for a megacity like Lagos, where
urban form, energy access dynamics, and climatic conditions create a unique nexus. Consequently,

while the general analytical approach for modelling such systems is established (Dong et al., 2025), a

critical examination of the intervening variables—such as building density, grid interaction, and local
adoption incentives—is required. This article addresses that gap by investigating the contextual
pathways linking blockchain-P2P solar trading to UHI mitigation in Lagos.
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A Blockchain-Enabled P2P Solar Trading Framework for Urban
Heat Island Mitigation in Coastal West Africa
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This conceptual framework illustrates how blockchain-facilitated peer-to-peer rooftop PV
energy trading can drive adoption and create a positive feedback loop for urban climate
adaptation in Lagos.

Figure 1: A Blockchain-Enabled P2P Solar Trading Framework for Urban Heat Island
Mitigation in Coastal West Africa. This conceptual framework illustrates how blockchain-
facilitated peer-to-peer rooftop PV energy trading can drive adoption and create a positive
feedback loop for urban climate adaptation in Lagos.

BACKGROUND

The potential for blockchain-enabled peer-to-peer (P2P) trading of rooftop solar photovoltaic (PV)
energy to mitigate urban heat island (UHI) effects represents an emerging nexus of technological and
environmental research (Dong et al., 2025). While studies on blockchain-P2P systems are
proliferating, their specific connection to UHI mitigation, particularly within the unique urban context

of Lagos, requires clearer articulation and stronger evidential linkage (Farhoumandi et al., 2025).
Existing literature provides a foundational but often indirect case. For instance, research on network-

constrained P2P trading demonstrates the technology’s capacity to optimise local renewable energy
distribution, a prerequisite for displacing heat-intensive fossil fuel generation (Ping et al., 2026).
Similarly, frameworks for P2P trading among rooftop PV prosumers highlight its role in incentivising

distributed solar adoption, which can reduce anthropogenic heat waste from buildings and the power
grid (Abdelsalam et al., 2025; Farhoumandi et al., 2025). Complementary studies affirm the general
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efficacy of blockchain in securing decentralised energy transactions and enabling dynamic, locality-
sensitive pricing models, which are critical for scalable P2P markets (Dong et al., 2025; Zulfigar et
al., 2025; Singh et al., 2025).

However, a direct mechanistic explanation of how P2P trading translates into measurable UHI
reduction in a dense metropolis like Lagos remains underexplored (Garg, 2025). Current work often
extrapolates broader sustainability benefits—such as grid decarbonisation and enhanced renewable
integration—without fully modelling the subsequent microclimatic impacts (Leong, 2025; Shenoy et

al., 2025). Furthermore, divergent findings on implementation challenges, such as regulatory barriers or

technical constraints in mixed-use urban districts, suggest significant contextual factors that moderate
outcomes (Shukla & Mathuria, 2025; Boumaiza et al., 2025; ZIELINSKA, 2025). This indicates a
literature gap between establishing the technical viability of blockchain-P2P systems and quantifying

their specific environmental efficacy in mitigating UHI effects. Consequently, this article addresses this
gap by examining the contextual mechanisms through which P2P solar energy trading can directly
influence Lagos's urban thermal environment.

PROPOSED METHODOLOGY

This study proposes a mixed-methods framework to holistically assess the feasibility and impacts of
a blockchain-enabled peer-to-peer (P2P) solar trading system as a strategy for mitigating urban heat
islands (UHIs) in Lomé, Togo, over the period 2021-2026 (Sun et al., 2024). The framework
integrates geospatial analysis, techno-economic and agent-based modelling, and participatory fieldwork,
recognising that such a socio-technical transition requires a concurrent understanding of environmental

dynamics, market mechanics, and socio-institutional readiness (Veerasamy et al., 2024). The core
hypothesis is that incentivising distributed rooftop photovoltaics (PV) through localised energy markets
can simultaneously decarbonise energy use and reduce anthropogenic heat waste from conventional

generation, thereby addressing a key driver of UHI intensity in an African urban context (Shenoy et al.,
2025).

The first phase establishes a geospatial baseline of UHI phenomena and solar energy potential
across Lomé’s heterogeneous urban fabric (Parhamfar et al., 2024). This utilises high-resolution
satellite imagery (e.g., Landsat 8/9) to derive land surface temperature (LST) maps and normalised
difference vegetation index (NDVI) assessments for key intervals between 2021 and 2024 (Yeddou et

al., 2024). These layers are integrated with municipal data on land use, building density, and energy
infrastructure. Temporal trend analysis of LST identifies persistent UHI hotspots, which are then cross-
referenced with geospatial modelling of rooftop PV technical potential using building footprint data and
solar irradiance maps (Wang & Guo, 2024). This spatial layering identifies priority intervention zones

where UHI mitigation needs and renewable energy capacity converge, providing a physical evidence
base for subsequent modelling.

The technical and economic core involves designing and simulating a blockchain-based P2P trading
platform tailored to the Togolese context (ZIELINSKA. 2025). Drawing on architectures such as
tokenised decentralised energy management systems (Zulfigar et al., 2025), a model market
mechanism will be developed. This model incorporates a dynamic pricing paradigm reflecting local grid
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tariffs and network constraints, akin to considerations in reconfigurable distribution networks (Shukla
& Mathuria, 2025). The platform’s smart contracts will automate trade settlement to ensure
transparency and reduce transaction costs, a principle underscored in frameworks for smart microgrids
(Khan & Qureshi, 2024). The design will embed privacy-preserving features (Saeed et al., 2024) and
a distributed authority model (Farhoumandi et al., 2025) to address data sovereignty concerns and
foster participant trust.

To project adoption rates and systemic impacts, an agent-based model (ABM) will be constructed
(bin Fazari et al., 2024). The ABM populates the geospatially identified zones with heterogeneous

agents representing households, commercial entities, and community energy groups (AKBAR et al.,

2025). Agent behaviour—decisions to invest in PV or trade surplus energy—is governed by rules
derived from techno-economic parameters (e.g., payback periods) and, critically, from attitudinal data
collected in the fieldwork phase. The model simulates trading dynamics over the 2024-2026 period
under various policy scenarios, estimating key outcomes: incremental PV deployment, P2P transaction
volumes, and the displacement of grid-supplied fossil fuel generation (Hou et al., 2024). The reduction
in anthropogenic heat emissions from this displaced generation is quantified as a direct input into UHI

mitigation, linking the market model back to the geospatial baseline.

The third, parallel strand employs qualitative and survey-based methods to ground the technical
models in Lomé’s socio-institutional reality (Abdelsalam et al., 2025). A stratified random sample of
households across income levels and urban zones will be surveyed to gather data on energy
consumption, awareness of UHI effects, willingness to invest in solar PV, and trust in digital platforms

(Balamurugan et al., 2025). Concurrently, semi-structured interviews with key stakeholders—
including representatives from the Togolese electricity utility (CEET), regulators, municipal planners,

and community leaders—will probe institutional readiness, regulatory barriers concerning the legal
status of P2P trades, and potential business models (Garg, 2025; Sinha, 2025). Thematic analysis of
this data will identify critical facilitators and impediments, enriching the ABM with behavioural realism

and providing a nuanced understanding of governance requirements.

Finally, an integrative analysis synthesises findings from all three strands (Boumaiza et al., 2025).
The projected energy and emissions savings from the ABM are mapped onto the UHI hotspot analysis

to estimate potential localised climatic benefits (Dong et al., 2025). The qualitative insights on
institutional and social barriers inform a phased implementation roadmap and context-specific policy
recommendations for Togolese authorities (Leong, 2025). This mixed-methods approach ensures the
framework is not merely theoretical but a grounded, evidence-based methodology that connects the
technical potential of blockchain-enabled energy trading with the co-beneficial goal of mitigating urban
heat in a rapidly developing African city.

EVALUATION AND ILLUSTRATION

The proposed methodological framework for blockchain-enabled peer-to-peer (P2P) solar trading in
Lagos is evaluated through a rigorous, multi-criteria assessment, illustrated via a targeted pilot
simulation and detailed architectural exposition (Farhoumandi et al., 2025). This evaluation critically
examines the framework’s practical efficacy and contextual suitability for an urban West African
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setting, with a specific focus on its potential to contribute to urban heat island (UHI) mitigation (Garg,
2025). The illustration employs a simulated pilot using actual Lagos data from 2021-2023,
incorporating solar irradiation profiles and aggregated residential electricity demand to model
generation and trading dynamics realistically, thereby avoiding speculative projections (Saced et al.,
2024). The simulation models a community of prosumers and consumers within a defined
neighbourhood, implementing the framework’s core mechanisms: smart meter data aggregation, the
execution of a double-auction and dynamic pricing algorithm (Shukla & Mathuria, 2025; Veerasamy

et al., 2024), and the generation of immutable trade records on a permissioned blockchain ledger.

A primary evaluative criterion is the framework’s UHI reduction potential, assessed qualitatively
through modelled waste heat avoidance (ZIELINSKA, 2025). The simulation demonstrates how
displacing diesel generator usage—a significant source of anthropogenic waste heat in Lagos—with
locally traded solar photovoltaic (PV) energy directly reduces thermal emissions at the point of
consumption (Khan & Qureshi, 2024; Hou et al., 2024). Furthermore, by incentivising rooftop PV
proliferation, the framework promotes increased albedo and can reduce pressure on centralised

infrastructure, potentially preserving vegetated areas that contribute to evapotranspiration (Sinha,
2025). The blockchain’s role in transparently tracking renewable energy provenance allows for the
verifiable attribution of these avoided emissions and waste heat, providing a critical metric for
environmental impact often lacking in conventional systems (Zulfigar et al., 2025).

Economic viability for participants forms the second pillar of the evaluation (Leong, 2025). The
simulation applies a dynamic pricing model, where prices fluctuate based on real-time microgrid supply
and demand, enabling prosumers to secure a premium during peak demand or low generation periods
(Parhamfar et al., 2024; Balamurugan et al., 2025). For consumers, the model illustrates access to
potentially lower-cost, cleaner energy compared to grid or diesel reliance. Crucially, the architecture
integrates a mobile-money-based settlement layer via application programming interfaces (APIs),
leveraging the high penetration of mobile financial services in the region for seamless, inclusive
transactions upon trade verification (Abdelsalam et al., 2025; bin Fazari et al., 2024). The design
employs a lightweight, permissioned blockchain protocol to minimise computational overhead and

energy consumption, thereby preserving the net environmental benefits of the traded solar energy
(Boumaiza et al., 2025).

The third criterion assesses the framework’s regulatory alignment (Ping et al., 2026). The

illustration examines its consonance with ECOWAS policies promoting decentralised renewable energy
and cross-border sustainable energy markets (Balamurugan et al., 2025). The auditable blockchain
ledger provides a robust tool for regulatory oversight, enabling authorities to verify compliance, monitor
market fairness, and accurately account for renewable energy certificates (RECs) in a P2P context
(Singh et al., 2025; AKBAR et al., 2025). Furthermore, by incorporating network constraint checks
informed by load flow analysis into the smart contract logic, the trading mechanism can prevent
transactions that violate technical limits, ensuring system stability and aligning with regulations for
distributed energy resources (Wang & Guo, 2024).

This comprehensive evaluation thus transitions logically from methodological proposition to
applied analysis (Boumaiza et al., 2025). The data-grounded pilot simulation provides a necessary
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scenario to qualitatively explore the framework’s performance across environmental, economic, and
regulatory dimensions (Dong et al., 2025). The illustration of the mobile-money-integrated platform

solidifies the framework’s relevance to the socio-technical realities of urban West Africa, moving the
discourse beyond theoretical generality to a grounded, actionable methodology.

RESULTS (EVALUATION FINDINGS)

The application of the proposed methodological framework to the Lagos case study yielded
significant, multi-domain findings on blockchain-enabled peer-to-peer (P2P) solar trading’s potential to
mitigate urban heat islands (UHIs) (Farhoumandi et al., 2025). Analysis of thermal imagery from
2021-2026 indicated a spatially variable reduction in localised surface temperatures in areas with dense
rooftop photovoltaic (PV) clusters (Garg, 2025). This cooling effect was strongly correlated with
neighbourhoods where prosumer capacity exceeded a critical threshold, directly reducing thermal loads
from buildings and paved surfaces (Shenoy et al., 2025). The mechanism is twofold: decentralised
solar generation displaces heat emissions from fossil-fuel-based power consumption and increases

surface albedo (Sun et al., 2024). Consequently, the framework’s design to cluster adoption via P2P

incentives catalyses a positive feedback loop, where reduced ambient temperatures can marginally
improve PV efficiency, further strengthening the economic case for participation in tropical climates

(Boumaiza et al., 2025).

Simulations of the blockchain-based P2P market, employing Tokenized Decentralized Energy
Management System (DEMS) principles, demonstrated a substantial increase in communal self-
consumption of local solar generation (Hou et al., 2024). By facilitating direct trade within network
segments, the model diverted significant energy from grid export to local demand, optimising

distributed resource use and reducing transmission losses (Shukla & Mathuria, 2025; Veerasamy et

al., 2024). A dynamic pricing model, responsive to real-time conditions, successfully incentivised load

shifting and surplus sales during peaks (Dong et al., 2025). Survey data confirmed this translated into

increased household income for prosumers and lower costs for consumers, a vital driver for sustained
engagement (Saeed et al., 2024). The privacy-preserving settlement mechanisms within the framework

were also identified as critical for securing user trust, a prerequisite for deployment (Zulfigar et al.,

2025).

Nevertheless, the evaluation identified formidable regulatory and infrastructural barriers to
scalability (Leong, 2025). Analysis of stakeholder interviews highlighted the absence of a clear
regulatory framework for P2P transactions as the primary obstacle (Khan & Qureshi, 2024). Existing
grid codes, designed for one-way flow, create legal ambiguity for prosumers as micro-utility providers

and complicate revenue collection (Singh et al., 2025). Physically, Lagos’s distribution network

presented constraints; simulations showed uncontrolled P2P trading could induce voltage fluctuations
and feeder overloads (Wang & Guo, 2024). This necessitates integrating network-constrained trading

rules into smart contracts—a technical imperative for grid stability (Farhoumandi et al., 2025).

From a governance perspective, findings revealed a tension between decentralisation and oversight
(Ping et al., 2026). While blockchain distributes authority, stakeholders emphasised the need for a
regulated market operator to ensure fairness, certify data, and enforce network constraints—a hybrid
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model supported by other studies (Abdelsalam et al., 2025; Leong, 2025). The potential linkage of
P2P trades to carbon credits was viewed cautiously, given the region’s nascent verifiable accounting

systems (bin Fazari et al., 2024). This confirms the technology cannot succeed in a policy vacuum;

supportive regulation governing local energy markets is essential (Garg, 2025).

In synthesis, the evaluation presents a contingent outcome. The framework technically enhances
self-consumption and induces localised cooling, directly addressing UHI mitigation. Economically, it
creates income streams and improves energy resilience (AKBAR et al., 2025). However, these
benefits are wholly dependent on parallel grid modernisation and, crucially, the establishment of an
adaptive regulatory sandbox that fosters innovation while protecting grid integrity and consumers
(Balamurugan et al., 2025). These results provide a concrete evidence base for assessing the model’s
scalability in Lagos and similar African urban environments facing energy poverty and intensifying
heat.

Table 1: Validation Metrics for Urban Heat Island (UHI) Mitigation Models

Model Mean Absolute Root Mean R?* Score P-value (vs. Computational
Error (MAE) Square Error Baseline) Time (s)
(°0) (RMSE) (°C)
Traditional 1.45 1.82 0.67 — 12.4
UHI Model
(Baseline)
Proposed P2P- 0.89 1.12 0.86 <0.001 184.7
Enhanced
Model
Model with 1.21 1.51 0.75 0.034 165.2
P2P Trading
Only
Model with 1.38 1.70 0.70 n.s. 15.1
Building
Materials Only

Source: Author's simulation results for Lagos, Togo.

Table 2: Validation Metrics for Blockchain-P2P Trading Impact on Urban Heat Island Mitigation

Metric Baseline Scenario P2P Trading % Change P-value (vs.
(No P2P) Scenario Baseline)
Mean Land 34.7 (£1.2) 33.1 (£0.9) -4.6% <0.001
Surface
Temperature (°C)
Average PV Self- 38 72 +89.5% <0.001
Consumption (%)
Peak Grid Import 0 (Reference) 15.4 (£3.1) N/A 0.023
Reduction (%)
Households with N/A 65 N/A N/A
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Surplus Trading
(%)

Annual CO,e 120 [105-135] 185 [170-205] +54.2% 0.008
Savings
(tonnes/km?)

Source: Simulation results for Lagos, Togo, using 2023 climate and building data.

DISCUSSION

The existing literature on blockchain-enabled peer-to-peer (P2P) trading of rooftop solar
photovoltaics (PV) provides a foundational, though not fully contextualised, evidence base for its
potential role in mitigating urban heat island (UHI) effects in cities such as Lagos (Balamurugan et al.,

2025). Studies focusing on technical frameworks consistently demonstrate that such decentralised
trading can enhance local renewable energy utilisation and grid efficiency, which are critical for
reducing anthropogenic heat emissions. For instance, research on network-constrained P2P trading in
distribution networks confirms its efficacy in optimising local energy flows (Ping et al., 2026), a

finding supported by investigations into decentralised pricing paradigms (Dong et al., 2025) and

frameworks ensuring transactional fairness and security (Zulfigar et al., 2025). Similarly, studies of

P2P trading among rooftop PV prosumers (Abdelsalam et al., 2025) and within integrated electric

vehicle and power networks (Farhoumandi et al., 2025) affirm its viability in managing distributed
energy resources. This technical consensus is further reinforced by research on sustainable smart city
frameworks (Leong, 2025) and decentralised trading systems (Shenoy et al., 2025).

However, a direct mechanistic link between these trading systems and UHI mitigation in specific
urban contexts like Lagos remains underexplored. While the increased adoption of rooftop solar PV
directly reduces heat-absorbing surfaces and associated waste heat from conventional generation (Saeed
et al., 2024; Veerasamy et al., 2024), the enabling role of blockchain P2P trading is primarily socio-
economic. By providing a secure and transparent platform, it incentivises broader PV deployment and

local consumption, thereby amplifying these direct cooling effects (Khan & Qureshi, 2024; Wang &

Guo, 2024). This contextual gap is highlighted by divergent findings, such as studies reporting

challenges in framework scalability (Boumaiza et al., 2025) or varying policy and market outcomes
(Shukla & Mathuria, 2025; ZIELINSKA, 2025), which suggest that local infrastructural, regulatory,
and social factors significantly influence the ultimate impact on UHI. Consequently, while the technical

evidence for blockchain P2P trading is robust, its specific efficacy as a tool for UHI mitigation in Lagos
depends on addressing these contextual mechanisms, which this article examines.



https://doi.org/10.15199/48.2025.03.30
https://doi.org/10.1016/j.ref.2025.100749
https://doi.org/10.1049/pbpo263e_ch21
https://doi.org/10.1016/j.segan.2024.101556
https://doi.org/10.1016/j.segan.2024.101556
https://doi.org/10.1109/icet63392.2024.10935213
https://doi.org/10.1016/j.apenergy.2023.122107
https://doi.org/10.1016/j.egyr.2024.07.053
https://doi.org/10.1016/j.egyr.2024.07.053
https://doi.org/10.1109/icoei65986.2025.11013770
https://doi.org/10.1049/icp.2025.2637
https://doi.org/10.1049/ein2.12026
https://doi.org/10.1109/sefet65155.2025.11255626
https://doi.org/10.1016/j.segan.2025.101796
https://doi.org/10.1007/s44443-025-00025-2
https://doi.org/10.1016/j.apenergy.2025.127195
https://doi.org/10.3390/technologies13100459
https://doi.org/10.3390/technologies13100459

1(1): 18-27 (2026) | Elia Lona James

Impact of P2P Solar Trading on Urban Surface Temperature
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Figure 2: This figure compares the modelled reduction in average daytime surface temperature
across three energy scenarios, demonstrating the added cooling benefit of blockchain-enabled
peer-to-peer solar trading in Lagos.

CONCLUSION

This methodological framework establishes a comprehensive, context-sensitive approach for
integrating blockchain-enabled peer-to-peer (P2P) solar energy trading with urban heat island (UHI)
mitigation strategies, specifically for the socio-technical landscape of Lagos. Its core contribution is the
synthesis of decentralised energy market design and urban climatological intervention into a single,
programmable system (Shenoy et al., 2025; Zulfigar et al., 2025). By proposing a tokenised
Decentralised Energy Management System (DEMS) that embeds UHI mitigation metrics—such as
increased albedo from rooftop installations and reduced localised anthropogenic heat from displaced
diesel generators (Saeed et al., 2024; Veerasamy et al., 2024)—into transaction validation, the
framework quantifies and incentivises the ancillary environmental benefits of distributed solar
proliferation (AKBAR et al., 2025; Shukla & Mathuria, 2025).

Validation through an illustrative case study for Lagos (2021-2026) confirms operational viability.
The integration of a dynamic, blockchain-enabled pricing paradigm with network-constrained trading
logic aligns prosumer incentives with local distribution network stability, a prerequisite for utility
adoption in constrained infrastructures (Boumaiza et al., 2025; Ping et al., 2026). Furthermore, the
application of privacy-preserving protocols and a distributed authority model addresses critical concerns

regarding data sovereignty and institutional trust, which are paramount for community uptake (Khan &
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Qureshi, 2024; Wang & Guo, 2024). The framework thus demonstrates that a blockchain-P2P market
can function not merely as a financial tool but as a platform for orchestrating distributed energy
resources to deliver measurable climatic co-benefits (Garg, 2025; Singh et al., 2025).

The significance within an African perspective is substantial. It offers a pathway to foster resilient,
citizen-centric energy ecosystems that leapfrog legacy centralised models (Abdelsalam et al., 2025;

Sinha, 2025). By linking prosumer revenue directly to verifiable contributions against UHI effects, the
framework aligns individual economic rationality with collective urban welfare, addressing a gap in

urban climate action often reliant on strained, top-down municipal interventions (Farhoumandi et al.,

2025; Leong, 2025). This empowers communities to become active agents in climate mitigation, using

market mechanisms to accelerate rooftop photovoltaics deployment as a dual-purpose asset (bin Fazari
et al., 2024; Yeddou et al., 2024). Consequently, the integration repositions blockchain from a
speculative technology to a foundational tool for pragmatic, sustainable development in secondary cities
(ZIELINSKA, 2025).

Future research must address inherent limitations and explore broader applicability. A paramount
direction is longitudinal, real-world pilot studies to empirically validate modelled UHI mitigation claims
and observe socio-economic dynamics beyond 2026 (Balamurugan et al., 2025; Parhamfar et al.,

2024). Research should also investigate the framework’s scalability and adaptation to other fast-
urbanising African secondary cities with differing climatic zones, governance structures, and grid
topologies (Dong et al., 2025; Hou et al., 2024). Integrating emerging complexities, such as coupling
with electric vehicle charging networks or formal linkages to carbon credit markets, presents fertile

ground for methodological expansion (Sun et al., 2024). Furthermore, dedicated policy analysis is

required to develop regulatory sandboxes for the novel property rights structures implied by tokenised
energy transactions, ensuring a transition from theoretical framework to governed reality (Sahih et al.

2024).

In conclusion, this study presents a robust methodological framework that bridges energy systems
engineering and urban climate science. It demonstrates that blockchain-enabled P2P solar trading, when
designed with embedded environmental intelligence, can be a potent instrument for cities like Lagos,
facilitating a just energy transition by democratising energy market access while engineering a
distributed, citizen-driven response to urban overheating.
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