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ARTICLE INFO ABSTRACT

Energy imbalance in Iran, arising from rapidly growing consumption, heavy subsidy
payments, and low energy efficiency, constitutes one of the fundamental challenges of
the national economy. Global experience indicates that the third energy transition and
the technological transformations accompanying it create new opportunities to address
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this crisis. Within this context, the concept of the “Negawatt,” defined as saved energy,
occupies a central position in effective energy policy frameworks. However, the
absence of transparent mechanisms for measuring and exchanging this resource has
hindered the formation of competitive markets. This study, drawing on blockchain

Published Online: 28 May 2026 technology and smart contracts, proposes a framework for establishing a peer-to-peer
market for saved energy. Blockchain, through its features such as transparency,
immutability, and the elimination of intermediaries, can provide a reliable platform for

the registration, settlement, and exchange of Negawatts among saving/consuming
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Energy Efficiency, carriers such as natural gas and heat, thereby enabling the creation of decentralized

multi-carrier markets. While extensive research has been conducted on peer-to-peer
markets for generated electricity, Negawatt markets—particularly in a multi-carrier
context—remain largely unexplored and nascent. The findings of this research indicate
that implementing such a market in Iran can not only enhance transparency and reduce
transaction costs, but also offer a practical and cost-effective solution for mitigating
energy imbalance and achieving sustainability objectives.
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Introduction and Problem Statement

The global energy system is undergoing a profound structural transformation driven by sustainability
concerns, climate change, and the need for higher system efficiency. Unlike previous energy
transitions that primarily focused on fuel substitution, the current transition emphasizes demand-side
management, decentralization, and digital market mechanisms. In this context, energy efficiency—
conceptualized as tradable energy savings or “Negawatts”—has emerged as a cost-effective alternative
to supply-side expansion. Iran faces particularly acute challenges due to its energy-intensive economy,
widespread price distortions caused by heavy subsidies, and chronic imbalances across major energy
carriers. Historically, national energy policies have prioritized increasing supply rather than
optimizing consumption, resulting in excessive demand growth, fiscal pressure, and infrastructure
stress. To address these issues, the Energy Optimization and Environment Market was introduced as a
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policy initiative aimed at monetizing energy savings and attracting private investment. However, the
centralized structure of this market, combined with transparency, trust, and verification challenges, has
significantly limited its effectiveness. This study argues that decentralized, blockchain-based peer-to-
peer energy-saving markets provide a viable institutional and technological solution to overcome these
structural barriers.

Review of Literature

The existing literature on modern energy markets highlights two closely related research streams:
blockchain-based smart contracts and markets for energy savings. Smart contracts are widely
recognized as a key enabler of decentralized energy systems due to their ability to automate
transactions, enforce rules transparently, and eliminate reliance on centralized intermediaries.
Numerous studies demonstrate their effectiveness in peer-to-peer electricity trading, local energy
markets, and distributed renewable integration. In parallel, energy-saving markets—often
implemented through white certificate or efficiency certificate schemes—have been adopted in several
countries to incentivize demand-side optimization. These markets aim to transform verified energy
savings into tradable assets, thereby internalizing efficiency benefits. However, the literature reveals
that most existing energy-saving markets remain centralized and electricity-focused, with limited
attention to decentralized peer-to-peer structures or non-electric energy carriers such as gas and liquid
fuels. Moreover, challenges related to measurement, reporting, and verification of savings remain a
critical barrier. The review indicates a clear research gap at the intersection of smart contracts and
multi-carrier energy-saving markets, particularly in developing economies with distorted price signals
and institutional constraints.

Research Findings

The findings of this study, derived from an extensive review of more than 350 academic sources,
indicate that peer-to-peer energy trading has reached a relatively mature stage in electricity markets
but remains underdeveloped in the domain of energy savings. Most existing implementations focus on
megawatt-based exchanges rather than Negawatt-based mechanisms, and decentralized approaches are
rarely extended beyond electricity. The analysis shows that blockchain technology significantly
improves transparency, trust, and transaction efficiency, making it especially suitable for markets
involving numerous small participants. For Iran, where fiscal limitations constrain new energy supply
investments, energy efficiency represents the most economically viable solution to reducing energy
imbalances. The findings suggest that a decentralized peer-to-peer market for tokenized energy
savings could directly address current shortcomings of the Energy Optimization and Environment
Market by reducing administrative costs, improving verification credibility, and enabling real price
discovery. Additionally, extending such markets to multiple energy carriers enhances system-level
optimization and flexibility. Overall, the results confirm both the technical feasibility and policy
relevance of blockchain-based peer-to-peer energy-saving markets in Iran’s energy context.

Conclusion

This study concludes that decentralized peer-to-peer energy-saving markets represent a promising
institutional innovation for addressing structural inefficiencies in Iran’s energy system. By shifting the
focus from energy production to energy savings, such markets align economic incentives with national
efficiency and sustainability objectives. Blockchain technology and smart contracts provide the
necessary digital infrastructure to ensure transparency, automation, and trust, particularly in
environments where centralized governance mechanisms face credibility challenges. The literature
review and research findings demonstrate a substantial gap in existing studies regarding multi-carrier,
decentralized Negawatt markets, highlighting the originality and relevance of this research direction.
The proposed conceptual approach lays the groundwork for future quantitative modeling and pilot
implementation. From a policy perspective, adopting blockchain-based peer-to-peer energy-saving
markets could support subsidy reform, mobilize private capital, and improve overall energy system
resilience. Ultimately, integrating digital technologies with energy optimization policies offers a
realistic pathway toward a more efficient, transparent, and sustainable energy market structure in Iran.
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4. Virtual Power Plant (VPP)
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2. Non-Fungible Tokens (NFTs)
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1. Carbon Credits (CCs)

2. Renewable Energy Certificates (RECs)

3. Savesumer (= Energy Saver & Consumer)
4. P2P Negawatt Trading
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