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Abstract—This paper first classifies blockchain-based shared
energy storage studies into three deployment modes, namely com-
munity sharing, cloud sharing, and peer-to-peer (P2P) sharing,
and summarizes how blockchain reshapes market mechanisms
and data governance in these settings. Building on these insights,
we develop a blockchain-enabled P2P market framework that
tokenizes time-sliced capacity rights and clears a uniform ca-
pacity price through a sealed-bid commit-reveal process. The
proposed framework establishes a privacy-preserving market
microstructure where sellers and buyers submit piecewise ca-
pacity bids across delivery windows, and smart contracts execute
commitment verification, convex welfare-based capacity clearing,
and auditable settlement. The clearing problem is formulated
as a convex social-welfare optimization and reduced to a one-
dimensional dual problem, yielding closed-form expressions for
the uniform price and primal allocations. Furthermore, the
framework specifies deposit rules and capacity-right tokenization
to ensure verifiable settlement. Future research directions include
degradation-aware pricing, real-time capacity verification, and
streaming settlement aligned with realized energy delivery.

Index Terms—Blockchain-based shared energy storage, peer-
to-peer (P2P) market framework, sealed-bid commit-reveal pro-
cess, uniform capacity price, convex social-welfare optimization.

I. INTRODUCTION

With the depletion of conventional energy resources and
the deterioration of the environment, the use of renewable
energy has increasingly come to dominate the future energy
market [1]. Due to their abundant availability and clean,
pollution-free nature, renewable energy sources are gradually
aligning with global “dual-carbon” (carbon peak/carbon neu-
trality) goals. However, renewables such as photovoltaic (PV)
and wind power are characterized by randomness, volatility,
and intermittency, which may threaten the voltage stability
of power systems and make it more challenging to maintain
real-time supply and demand balance [2]. In this context,
the need for flexible resources in power systems has become
increasingly salient. Energy Storage Systems (ESS), with their
bidirectional and flexible power regulation capability, offer an
effective means to address the challenges brought by high-
penetration renewables. On the grid side, storage enhances
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the safety margin of renewable-rich networks through peak
shaving, valley filling, fast frequency response, and voltage
support [3]. On the load side, storage enables users to perform
price arbitrage and demand management, significantly improv-
ing utilization efficiency and reducing overall energy costs [4].
On the generation side, storage absorbs surplus renewable
output during high-production periods and releases it during
high-demand or high-price intervals, thereby reducing curtail-
ment, smoothing power fluctuations, and increasing renewable
accommodation and plant revenue [5]. Qiu et al. [6] reviewed
cloud energy storage (CES) and summarized aggregated ser-
vice models and operation methods for multi-user storage,
while Liu et al. [7] quantified the accommodation prospect
of shared storage under China’s carbon-peaking targets.

In traditional individual distributed energy storage (ES)
frameworks, each storage unit serves a single user indepen-
dently. As a result, the operating time at full capacity is
limited, since users make decisions based solely on their own
interests. This fragmented operation leads to high investment
and maintenance costs. Furthermore, the limited variety of
storage products and the dynamic, uncertain nature of users’
demand make it difficult to achieve efficient capacity matching
between users and storage systems, especially for small-scale
residential consumers [8]. Under such circumstances, there is
an urgent need for more aggregated and efficient utilization of
ESS and for cost-effective access to shared storage services.

To overcome the limitations of the individual distributed
storage framework, shared energy storage (SES) has been
proposed as a novel architecture that introduces new economic
opportunities. Zhang et al. [9] provided a comprehensive SES
review contrasting individual ownership with sharing schemes
and reporting utilization and cost advantages of aggregation,
and Chen et al. [10] surveyed shared-economy applications
in smart grids, detailing SES market structures and pricing
mechanisms that enable better matching. As defined by Kang
et al. [11], SES decouples the ownership and usage rights
of storage assets. Customers can lease storage capacity from
owners according to their own needs, while owners can
rent out their idle capacity during specific periods to obtain
additional revenue. This business model inherently aligns with



large-scale energy storage serving multiple users. Prior surveys
indicate that SES studies typically fall into three deployment
scenarios, namely community sharing, cloud ESS, and peer-to-
peer sharing, and two research strands, namely market mech-
anism design and security and data governance. Moreover,
Song et al. [12] proposed a barriers and prospects framework
that highlights gaps in trusted metering, privacy-preserving
settlement, and interoperable governance, which motivates a
blockchain-enabled perspective. Consequently, exploring more
efficient and diversified blockchain-based SES designs has
become a major focus of academic research.

The structure of shared energy storage (SES) aligns closely
with the architecture of blockchain. SES involves multiple
independent participants such as storage owners, aggregators,
operators, and users, who share physical assets while maintain-
ing distinct interests and control. This distributed ownership
corresponds to decentralized consensus and a replicated ledger
in which transactions are transparently recorded and collec-
tively verified. The time-coupled and event-driven workflow of
SES, including bidding, scheduling, and settlement, aligns well
with programmable smart contracts that sequence and enforce
operations. Each step from capacity leasing to energy delivery
can be represented as a verifiable on-chain record of rights
and outcomes. Therefore, the decentralization, traceability, and
programmability of blockchain make it a natural foundation
for secure, transparent, and autonomous SES ecosystems.

In shared energy storage, credible coordination requires
not only transparent pricing and verifiable exchange but
also strong guarantees on identity, integrity, privacy, and
auditability. Evidence from blockchain deployments in IoT
data valuation and incentives [13], [14], community-based
reputation in Web3 [15], and generative art markets shows
that programmable pricing [16], incentive-aligned matching,
and tamper-evident settlement are already operational at scale.
Building on these capabilities, SES can price and allocate
capacity rights on chain while settling against authenticated
metering and at the same time strengthening security. Decen-
tralized identity and verifiable credentials provide fine-grained
access control for users, aggregators, meters, and batteries.
Device-signed telemetry and authenticated oracles bind AMI,
BMS, and SCADA measurements to on-chain state to achieve
nonrepudiation and traceable reconciliation. Zero-knowledge
proofs and secure multiparty computation enable verification
of delivered energy, location constraints, or state of health
without exposing raw profiles. Permissioned Byzantine fault-
tolerant chains offer auditable high-throughput coordination
for community and cloud deployments, while public chains
and layer 2 channels support low-fee P2P microtransactions.
Together, these properties deliver transparent pricing and allo-
cation, automated and dispute-resistant settlement, trustworthy
scheduling and metering, and auditable compliance for SES.

A detailed examination of existing literature reveals several
key limitations. First, current Blockchain-based SES studies
are fragmented, lacking a unified analytical structure across
different sharing architectures. Second, most blockchain-
enabled trading frameworks fail to ensure verifiable fairness
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Fig. 1. Framework of Blockchain-Based Energy Storage Sharing.

and privacy under decentralized coordination. Third, existing
market-clearing models are largely heuristic or simulation-
based, without analytical tractability or interpretability.

To address these gaps, this paper makes the following
contributions:

« Unified framework for Blockchain-Based Shared Stor-
age. We establish a structured analytical framework
that classifies blockchain-enabled shared storage into
three deployment architectures, namely Community Shar-
ing, Cloud Sharing, and P2P Sharing, and clarify how
blockchain reshapes market mechanisms, coordination
logic, and security governance within each architecture.

o Blockchain-based Peer-to-Peer sharing mechanism.
We design a blockchain-based P2P sharing mechanism
that employs a commit-reveal process to prevent front-
running and ensure fair capacity trading. The mechanism
achieves transparent pricing, secure settlement, and de-
centralized coordination among participants.

« Analytical market-clearing formulation. We reformu-
late capacity clearing as a convex social-welfare optimiza-
tion and reduce it to a one-dimensional dual problem,
yielding closed-form uniform prices. The model provides
a provably optimal equilibrium and interpretable linkage
between aggregate supply—demand and market outcomes.

The remainder of this paper is organized as follows. Section
IT analyzes existing studies on Blockchain-Based Shared En-
ergy Storage and outlines the unified framework. Section III
presents the proposed blockchain-based P2P sharing mech-
anism and its analytical market-clearing model. Section IV
discusses potential extensions and future research directions.
Finally, Section V concludes the paper with closing remarks.

II. BLOCKCHAIN-BASED ENERGY STORAGE SHARING

The research on Blockchain-Based Shared Energy Stor-
age is typically categorized into three primary application
scenarios: Community Energy Storage, Cloud-ESS, and P2P
Energy Storage. Regardless of the scenario, existing studies on
blockchain-based SES generally focus on two main aspects:



Market Mechanism Design and Security and Data Gover-
nance. The Market Mechanism and Design module governs
the economic process of shared energy storage through three
sequential stages. Pricing & Allocation determines uniform
clearing prices and assigns time-windowed capacity rights
based on supply and demand bids. Settlement & Revenue
executes payments and revenue distribution via smart con-
tracts, ensuring fairness and enforcing performance guarantees
through deposits or slashing. Finally, Scheduling & Auditing
converts cleared rights into dispatch schedules, verifies exe-
cution with metering data, and enables transparent post-event
reconciliation. In parallel, the Security and Data Governance
module ensures the reliability and trust of market operations.
Data Authenticity links metering data to on-chain states, Pri-
vacy Computing protects sensitive information, Identity Gov-
ernance manages decentralised authentication, and Auditable
Compliance provides traceable and regulator-ready transaction
records. Together, these two modules ensure that SES markets
are transparent, secure, and verifiable.

A. Community Energy Storage Sharing

Community Energy Storage focuses on sharing storage
devices within a specific geographic area, typically managed
by community organizations, property managers, or energy
service companies (ESCOs). In this model, users access
storage capacity on demand without the need for individual
investments in energy storage systems. The main advantage
of this model lies in its ability to reduce users’ capital
expenditures while improving the overall utilization of stor-
age devices through centralized management and scheduling.
Community energy storage is well-suited for residential areas,
small commercial districts, and industrial parks, facilitating
functions such as demand response and peak shaving.

Market Mechanism and Design. For community energy
storage, market design must specify how shared capacity is
priced and allocated, how revenues and penalties are calculated
and settled against metering, and how scheduled activations
are verified and paid. It should also prevent strategic timing,
align incentives among residents and the community bat-
tery operator, and interoperate with local network or service
constraints. Damisa et al. [17] proposed a smart contract
double auction that allocates time or power slices of the
community battery with commit and reveal plus on chain
sequencing to preclude front running, and writes winning
bids and payments to the ledger for transparent settlement.
Thomas et al. [18] encoded a local market for storage sharing
where clearing rules, contribution based revenue splitting, and
penalty clauses are implemented as contract logic, so pricing,
allocation, and payouts follow verifiable procedures. Ali et
al. [19] integrated a community battery with a blockchain
based local market that aligns community level clearing with
resident to resident trades, and disperses revenue automatically
according to measured participation. Yu et al. [20] linked
economic dispatch to on-chain transactions by feeding clearing
price, activation windows, and performance scores from the
optimiser to contracts that execute settlement and bench-
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marking, which reduces reconciliation overhead and operator
discretion. In a flexible demand setting, Xiang et al. [21]
introduced on chain incentives and settlement for local electric
vehicles coordinated with the community battery, improving
the aggregability and traceability of demand response.

Security and Data Governance. Security and data gov-
ernance in community storage must control who can ac-
cess devices and market roles, ensure that metering and
telemetry are authentic and nonrepudiable, provide privacy
preserving verification so that compliance can be checked
without exposing raw traces, and maintain auditable records
that support dispute resolution and regulation. Umar et al. [22]
presented a decentralised energy management scheme that
uses distributed identity and verifiable credentials to authorise
users, aggregators, meters, and community batteries without a
single credential authority. Demidov et al. [23] developed an
energy management system in which devices sign telemetry
and authenticated oracles bind AMI, BMS, and SCADA mea-
surements to on chain state, enabling settlement and arbitration
over nonrepudiable events. Wang et al. [24] designed a power
battery data monitoring and sharing system on a consortium
chain that records lifecycle and state information with integrity
guarantees and traceable accountability across owners and
operators. Zhang et al. [25] built a real time blockchain
anchored state estimation system for battery storage that ties
estimates to signed measurements and publishes verifiable
states to the ledger, increasing trust in operational data used
for scheduling and safety checks.

B. Cloud Energy Storage Systems Sharing

Cloud energy storage systems sharing (Cloud ESS) is a
platform-based large-scale shared storage model that aggre-
gates multiple storage units via a centralized ES service
platform. Users can rent storage resources on an hourly or
capacity basis. This model leverages economies of scale to
reduce the unit cost of storage by sharing the investment
cost of large storage facilities. Cloud energy storage systems
sharing not only enables arbitrage in peak and off-peak
electricity pricing but also provides grid support services.
This model is particularly applicable to large-scale distributed
storage systems, where more efficient resource scheduling and
management are achieved through the cloud platform.

Market Mechanism and Design. For cloud energy storage,
market design must specify how pooled capacity is offered as
multiple services, how cloud operators coordinate bids from
heterogeneous users, and how revenues from energy, frequency
response, and ramping products are dispersed in a rule bound
manner. Luo et al. [26] formulated a blockchain based sharing
mechanism that lets a cloud pool participate in a joint market
and clears bids on chain so that pricing, allocation, and
settlement are tamper-evident . Truong et al. [27] studied multi
use coordination of stationary batteries and showed how smart
contracts can divide pooled capacity across concurrent services
with explicit priorities and compensation rules . Ochoa et
al. [28] proposed a blockchain as a service architecture for
battery fleets that exposes metering, dispatch instructions,



and performance records to contracts, enabling automated
settlement at cloud scale. Chinnasamy et al. [29] designed
a decentralised optimisation framework where a consortium
ledger disseminates clearing results and activation windows
to participating nodes, which reduces reconciliation overhead
and operator discretion. In industrial parks, Hou et al. [30]
embedded local storage into a blockchain based trading system
so that cloud nodes can allocate capacity to tenants and
settle against authenticated telemetry. Bird et al. [31] further
examined how governance and revenue dispersal for cloud
scale storage investments can be codified on a ledger to
provide transparent payouts to investors and users.

Security and Data Governance. Security and data gover-
nance in cloud settings must control identities and permissions
across many organisations, guarantee authenticity and non
repudiation of telemetry, protect sensitive battery and user
data during verification, and maintain auditable histories for
compliance. Aenugu et al. [32] built a blockchain based
battery data management and analytics platform that tracks
lifecycle events and supports provenance aware analysis for
fleets. Gong et al. [33] designed a consortium chain system
for power battery monitoring and sharing that enforces fine
grained access while preserving data integrity across owners
and operators. Wang et al. [34] introduced a proxy signature
based management model so that operation rights on SES can
be delegated and audited without exposing private keys. Wang
et al. [35] combined blockchain with secure multi party com-
putation to verify delivery and cost sharing without releasing
raw traces, showing a privacy preserving path for cloud level
settlement. Jiang et al. [36] proposed a secure multi party
computation scheme for shared storage indices that records
proofs on-chain for verifiable calculation. Meng et al. [37]
presented SFedChain, a blockchain supported federated energy
data sharing framework that enables cross domain learning
with data sovereignty. Sun et al. [38] developed a blockchain
enhanced energy sharing framework for large electric vehicle
groups that binds device signed telemetry to ledger state
for high confidence metering. Huang et al. [39] studied dis-
tributed collaborative regulation based on blockchain and state
awareness, demonstrating how authenticated measurements
can drive trustworthy control in integrated energy systems.

C. Peer-to-Peer Energy Storage Sharing

The P2P model enables users to trade energy or storage ca-
pacity directly, without a central broker. Smart contracts record
bids, match trades, and trigger payments on a shared ledger,
which provides transparency and near real-time execution. The
model favors autonomy and locality, making it suitable for
distributed users and small businesses.

Market Mechanism and Design. Recent P2P studies cen-
ter on on-chain pricing, allocation, and automated clearing.
Zekiye et al. [40] design a blockchain-assisted market across
microgrids where smart contracts coordinate bidding, clearing,
and payoff under realistic demand and battery constraints.
Their follow-up work realizes a decentralized market that
trades both electricity and capacity with game-theoretic price
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formation on-chain [41]. Kim et al. [42] enable vehicle-to-
vehicle negotiation using decentralized identifiers so that bi-
lateral trades of ES are verifiable and resistant to manipulation.
Sun et al. [43] couple a P2P pricing interface with demand-
response based configuration of SES, allowing the contract
layer to execute capacity scheduling and settlement.

Security and Data Governance. Security focuses on au-
thentic metering, controlled participation, and auditable set-
tlement without a trusted intermediary. In [40], metering and
dispatch events are signed by nodes and validated through
consensus, yielding tamper-evident accounting among peers.
The decentralized market in [41] adds on-chain identity and
permission control to restrict who can advertise capacity and
trigger operations. [42] use decentralized identifiers to preserve
participant privacy while keeping transactions traceable. [43]
anchor demand-response actions and usage records on-chain
to support transparent settlement and compliance auditing.

III. MARKET MECHANISM AND ANALYTICAL MODELING

In this section, we propose a blockchain-enabled market
clearing mechanism for P2P energy storage sharing. The
mechanism establishes a decentralized and transparent trading
environment in which storage capacities are securely tokenized
and exchanged among participants without relying on central-
ized intermediaries. By integrating smart contracts and math-
ematical market modeling, the proposed framework ensures
both operational transparency and economic optimality.

To enable fine-grained ownership and verifiable transac-
tions, large ES capacities are divided and tokenized into
discrete tradable units represented by Non-Fungible Tokens
(NFTs). Each NFT encapsulates essential attributes such as
capacity size, ownership, and time validity, enabling automated
verification and transfer through smart contracts. This tok-
enization process enhances market liquidity and traceability,
ensuring that every storage unit is auditable on-chain.

Building upon this architecture, we formulate a blockchain-
constrained market clearing model to derive an equilibrium
solution between storage supply and demand. The model inte-
grates participants’ bidding strategies and smart-contract-based
settlement rules, ensuring that the market reaches a stable,
incentive-compatible, and economically efficient equilibrium.
The blockchain ensures verifiable compliance with the clearing
results, preventing manipulation and enhancing trust.

A. Bidding Model and Sealed Submission Mechanism.

To ensure effective scheduling and prevent congestion in
energy transactions, we define a set of delivery windows
T € W, where W represents the collection of all possible
delivery time slots. Each delivery window corresponds to a
specific time period during which ES capacity can be traded.
This approach allows for organized transaction execution,
ensuring that trading activities occur at different intervals,
reducing system overload, and improving market scalability.

Both sellers and buyers submit sealed capacity quotations
to the smart contract for each delivery window 7 € W. The
goal is to construct a verifiable but private order book that
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Fig. 2. Blockchain-Enabled Market-Clearing Workflow for Peer-to-Peer Shared Energy Storage.

prevents front—running and late manipulation. At this step only
cryptographic commitments and timestamps are recorded on
chain; the economic plaintext is revealed in the opening phase.

On the seller side, each storage owner i € S declares the
admissible capacity-right bound ¢; » € [0, Q{"*] for delivery
window 7, where

= rnin{Ei7 Z;ﬁ;t At}.

tet

max
1, T

0<gqir< (D

Here, E; denotes the usable energy of storage unit i, Diy 18
the export power cap at time slot ¢, and At is the slot length.
The term “capacity-right” represents the tradable discharge
entitlement of storage capacity within window 7, constrained
by both energy and power limits.

Each seller reports a nondecreasing piecewise-linear
marginal willingness-to-accept function over the admissible

range [0, Q;">], parameterized by K , breakpoints and cor-
responding price levels:
0=q) <q) < <qf =Qu )< <ul
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Each ME’? is a fixed bid parameter provided by the seller,

representing a constant marginal willingness-to-accept within
the corresponding quantity segment. The resulting marginal
and total capacity ask functions are defined respectively as

TP(g) = u), il < g < g, 2
cap T cap W g9y D\
Hi,'r (q) = T - (2)dz = Z i 7 (mln{q?qi,r }_qi,'r ) )
0 k=1
3)

where (z)T ensures non-negativity. The marginal function
wfﬂp(q) captures the seller’s incremental willingness-to-accept
per unit capacity, while II;"? (q) represents the cumulative cost
associated with offering ¢ units of capacity.

On the buyer side, each consumer j € B declares the
admissible purchase bound y;, € [0,Y5*] for delivery
window 7, where er,’;a" denotes the buyer’s maximum ad-
missible purchase bound determined by its demand require-
ment or technical limitation. Each buyer submits a nonin-

creasing piecewise-linear marginal willingness-to-pay function



over [0, Y], parameterized by L, , breakpoints and the
corresponding value levels:

0 1
0=y <y <
Here, each 1/( ) is a fixed bid parameter provided by the buyer,
representing a constant marginal willingness-to-pay within the
corresponding quantity segment. The resulting marginal and
total value functions are defined respectively as

O ®

¢ (L)
Vj,T 2 . Z v

(L) _
TS YL i

max
i = Yir

Vj/,r( ) = Vit if yj(-f;l) <Y<Y;r 4)
y Lj -

Vi+(y) :/ leﬂ.(z) dz = Z j( (mln{y yl)} y(l 1)) ’
0 =1

&)

The function Vj’ﬁ(y) represents the buyer’s marginal valuation
per unit of purchased capacity right, while V; -(y) gives the
total valuation of acquiring y units of capacity rights. This
construction yields a concave total value function, consistent
with the economic principle of diminishing marginal utility
with respect to additional capacity rights.

To ensure privacy preserving and verifiable bid submission,
both sellers and buyers employ binding and hiding commit-
ments to submit their encrypted offers to the blockchain. Let

Enc({ql T,uﬁ’?}k,Hi),

) (l)} }/}r:(;ax’Hj),

YjrVir

sell

b
mjiy = Enc({

where Enc(-) denotes a binding and hiding encryption (com-
mitment) function that guarantees bid confidentiality be-
fore the opening phase while allowing verifiable decryption
through on-chain commitments. The auxiliary hash H;
Hash(E;, p;, pt, {0} }rer, e, ma) fingerprints  static  device
parameters for later feasibility checks.

The on-chain artifacts are implemented as Pedersen com-
mitments, expressed as

mPuy o buy

JThJ7'7

sell sell

Gt =g™irhTir, OYY = (©)
where (g,h) are public generators of a cyclic group, and
Tfi“ and r;’;y are independent random blinders. A Pedersen
commitment C' = ¢"h" ensures both computational binding,
meaning that the committed message m cannot be altered
without knowing r, and statistical hiding, which keeps the bid
content private until the blinding factor is revealed.

At the opening phase, each participant discloses its corre-
sponding (m,r) pair. The smart contracts verify equation (6)
on-chain and extract the plaintext schedules for market clear-
ing. This unified sealed bid interface forms a privacy preserv-
ing, timestamped supply demand book per delivery window

and enables subsequent capacity right minting and settlement.

B. Smart Contract-Based Price Clearing and Boundary Ca-
pacity Allocation.

At the bid deadline of window 7 € W, the smart contract
enters a common opening phase. Each seller i € S and buyer

j € B reveals its plaintext pair (m;!, r5%) and ( ]]O‘;y, ?;y ),
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respectively. The smart contracts verify the sealed bids against
the on-chain commitments posted in Step A as
Com(m?;y, r;iy) )

(N
and discard any mismatched bids. Here, Com(m,r) denotes
the Pedersen commitment function defined in (6), which
generates the on-chain commitment C' = ¢™h" based on
message m and blinding factor r. This function enables the
smart contracts to verify the authenticity of the opened bids
during the commitment verification stage. If multiple bids lie
on the same marginal price (ties), the smart contract selects
a deterministic order using a publicly verifiable randomness
seed. Both the seed and a short log of the tie-breaking order
are recorded as on-chain events for auditability.

After the commitment verification, the smart contract exe-
cutes the capacity clearing program for each delivery window
7 € W. The clearing problem determines the optimal alloca-
tion of traded storage capacities between sellers and buyers
to maximize social welfare, defined as the total valuation of
buyers minus the total cost of sellers.

Let II;°P(-) denote the convex piecewise-linear total ask
function of seller 4, and Vj,+(-) denote the concave piecewise-
linear total value function of buyer j. The capacity clearing
for window 7 is formulated as

) ? « b
Cis’e;l i Com(ms_ell r;ell)7 C uy

7 1,T

max Vi.+(y; 5P (g
Wy 2 Vi) = 2 I ai)
jeB €S
Sy <> dir ®)
7 7
0 § qi, 7 § lefxa 0 S yj,T S Y}Ifql—ax-

This program maximizes social welfare by jointly determining
the optimal allocation of traded capacity and the corresponding
equilibrium price for each delivery window, while satisfying
both supply and demand constraints.

To analyze the mathematical properties of the above clearing
model and ensure the existence of an equilibrium solution, we
first examine its convexity and strong duality. The convexity
and strong duality of problem (8) are verified as follows.
Proof of Convexity and strong duality. Problem (8) is a
convex optimization problem. For every seller ¢ € S, the
total capacity ask TI;°P(-) is convex and piecewise linear on
[0, Q2] For every buyer j € B, the total value Vj ()
is concave and piecewise linear on [0,Y;2**]. Hence the
objective function is concave. All constraints in (8) are linear
and define a polyhedral feasible set. Therefore (8) is a convex
optimization problem in the sense of [44].

Since all upper bounds Q;"7* and Y;7** are finite and
nonnegative, one can choose strictly feasible quantities such

that
< Y;E—axv § Yjr < E qi,r-
J [

Hence Slater’s condition holds. By the standard strong duality
result for convex programs with a strictly feasible point [44],

0<gir <@ 0<y;,



[45], the duality gap of (8) is zero and the optimal value of
the primal problem equals that of its dual.

Given that the clearing problem is convex and satisfies
strong duality, we can now derive its dual formulation and
corresponding optimality conditions.

Let A >0 be the Lagrange multiplier of the market-balance
constraint. The Fenchel-Rockafellar dual of (8) reduces to a
one-dimensional convex optimization:

min ®-(\;) = > TP (A) + >V, 9)
Ar20 = jeB
cap* . _ cap

) = max, Qo -7}, 10)

VieQ) = _max. . {Vir(y) = My} (11

Because II;°" is convex and Vj , is concave, both conjugates
are convex and piecewise-linear; hence &, is convex and
piecewise-linear on R .

Define the step responses induced by a price A:

) _ _ Ty°aP
¢i-(\) = arg <rg%xmx{kq 157" (q) },
Yir(\) = arg0<;n<ag§m{vj,f(y)*/\y}- (12)

For the piecewise-linear models (12) admits closed forms. If

the seller’s marginal ask 7 ( ) has breakpoints 0 = q(0
(K) ¢! )

< g; ., with levels p; = < --- < ul(-f:), then
¢i,-(\) = max{q ‘ T (q) < A} (13)
K
=Y @ -a ) {u® <2} a9
k=1

Similarly, if the buyer’s marginal value V! _(y) has breakpoints

0= y(o) - < y( T) with levels z/j(lT) 2, cee > y](,fr), then
Yjr(\) = rnaX{y | V] (y) > A} (15)
Z yi yj(lT Y { v > A}. (16)
Let the aggregate step functions be
A7)

A) £ Z gi.r(\) NE Z Yir(N)

where S is nondecreasing and right-continuous, while D, is
nonincreasing and right-continuous. By subgradient optimality
for (9), any minimizer A} satisfies

0€0®,(\) <= D, ()~ 5, (\)=0.  (18)

Closed-Form Characterization of the Uniform Capac-
ity Price:

Ao = inf{A>0]|S-(\)>D,(N)}. (19

If the crossing occurs on a flat interval [A-, A\f] with
S+(X\) = D,(\) for all X therein, any A € [\, ] solves

T\
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(9); the smart contracts selects one deterministically using the
public randomness seed.
Given A}, define the marginal cohorts

7 = {i]3k: p) =21},
J= = i3 v =ar) (20)
Let ¢ £ qi-(A\f—) and y5. £ y;-(Ai+), and define the

residual R, = > Yir =22 45y > 0. For any 6; € [0,1] such

that >, 1= 0;Aq;, = R, (with Ag;. = qZ(T) qiﬁfﬁl)), set
* P SLTA i 1EIT,
g, = qdr R T @)
qiﬂ'()"r)7 ? ¢ Iq— .
Analogously, choose ¢; € [0, 1] satisfying 3, ;- ¢;Ay;, =
R, (with ijT y](lT) y](lT 1)), and set
< AyT i =
i, = {07 +*¢J Yir J€ ‘7;’ (22)
yj,T()\T)’ j ¢ \77' .

Then 3, y7 . = >, q;, and the Karush-Kuhn-Tucker(KKT)
relations Vj_(y; ) = A = 7 (q; ) hold for all interior par-
ticipants. The smart contracts record A% Aar L bis and {y b,
and forwards (7, g; ., A7) to NFT minting.

C. Transaction Issuance and Settlement Regulations

After the market clearing phase, the equilibrium results,
including the uniform clearing price A} and the traded storage
capacities (q; ,,y; ), have been determined in the previous
step. In this stage, the smart contracts utilize these precom-
puted results to issue official transaction records and enforce
corresponding deposit and settlement regulations for both
energy storage suppliers and buyers.

For each delivery window 7 € W, the smart contracts
retrieve the equilibrium parameters {\}, ¢/, y; } and com-
municate them to the corresponding market participants. For
the ES supplier, the smart contract specifies the amount of
capacity ¢; . to be delivered during window 7, together with
the payment amount calculated from the clearing price \*. The
settlement and deposit rules are explicitly published on-chain,
ensuring that each supplier fully understands the payment and
deposit requirements. All records are immutably stored on-
chain to guarantee transparency, traceability, and auditability.

Similarly, for the ES buyer, the smart contract commu-
nicates the confirmed purchase quantity y; . and the total
payment obligation based on the same market clearing price
AX. Upon receiving this information, the buyer completes
payment through the on-chain settlement module. This guar-
antees that the payment strictly conforms to the market-
clearing outcome, thereby ensuring fairness and preventing any
payment manipulation or dispute.

Through these automated issuance and settlement proce-
dures, the framework finalizes the exchange of ES capacity and
monetary assets according to predefined market rules. The en-
tire transaction cycle is executed under smart-contract control,
ensuring full decentralization and verifiable accountability.



D. Deposits and Guarantees

Following the issuance of settlement instructions, both sup-
pliers and buyers are required to submit deposits to the smart
contract to secure the execution of the transaction. The deposit
mechanism ensures that all participants fulfill their market
commitments based on the previously determined equilibrium
results, namely the clearing price A\X and the traded capacities
(¢} .,y ) obtained from the market-clearing model.

For the energy storage supplier S, the deposit serves as
a financial guarantee to ensure the reliable provision of the
committed energy storage capacity. The deposit mitigates the
risk of non-performance or default by making the supplier’s
commitment financially backed. The required deposit amount
is determined as a function of the agreed storage capacity and
market-clearing price, given by

Ds = as 4 A%, (23)

where ag € (0, 1] is the supplier’s deposit coefficient encoded
in the smart contract. The coefficient can be predefined by the
market governance entity or dynamically adjusted according to
the supplier’s past reliability or reputation score. The deposit
Dg is transferred to the smart contract and held in escrow
until the transaction is completed. Once the delivery of ES
capacity is verified, the deposit is released automatically.

Similarly, for the energy storage buyer B, a deposit is sub-
mitted to the smart contract to guarantee payment compliance
with the agreed capacity purchase. The buyer’s deposit pre-
vents the participant from withdrawing after market clearing
and ensures that the payment obligation is financially secured.
The deposit amount is calculated as

Dp = apyi AL (24)

where ap € (0,1] is the buyer’s deposit coefficient. This
deposit is also held in escrow and automatically released
after successful payment and capacity verification. The smart
contract verifies that both deposits align with the market-
clearing results and enforces their release conditions on-chain,
ensuring fairness and accountability of the entire transaction.

E. Mint Non-Fungible Tokens (Capacity Rights)

After the settlement and deposit stages, the system proceeds
to the on-chain registration phase, where the verified market-
clearing results are tokenized through the minting of NFTs.
The NFTs represent the verified capacity rights for energy
storage sharing and serve as cryptographically verifiable digital
asset within the blockchain network. This stage finalizes the
transaction cycle by transforming the previously computed
equilibrium outcomes into immutable, auditable, and tradable
on-chain records.

The minting process is implemented by smart contracts as
a deterministic state transition function, mapping the verified
market-clearing results and the associated deposits into an on-
chain digital asset. The input parameters include the token
identifier, the digital identity (DID) of the participant, the
delivery window 7, the cleared energy storage capacity g; .
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or y; -, the uniform clearing price A7, and the corresponding
deposits Dg and Dp that have been secured in the previous
stage. These parameters ensure that the resulting token reflects
both the physical trading outcome and the underlying financial
guarantees. The formal expression of the minting function is
given as

NFT i (tokenld, DID, 7, g7 or yj .,

. . (25)
AL, Dg, Dp, transaction conditions),

where NFT i () denotes the on-chain function executed
by the smart contract that generates and records the NFT.

During minting, the smart contract collects and verifies all
transaction data, including the agreed capacity, price, deposit
amounts, and settlement conditions. Once verified, the NFT
is permanently recorded on the blockchain ledger, ensuring
that the ownership and attributes of the capacity right cannot
be altered. The NFT thus acts as a digital certificate of
verified energy storage capacity, embedding both economic
and operational credibility within the decentralized market.

In addition to providing an immutable proof of trans-
action, the minted NFT also enables traceability and sec-
ondary trading. Because the NFT contains verifiable identifiers
such as {DID, 7,¢; ., A}} and the deposit-related parameters
{Dg, Dp}, it can be freely transferred, exchanged, or verified
by any participant through on-chain queries. This mechanism
ensures that the transaction record is transparent, publicly
auditable, and economically secured by collateralized deposits.
As a result, the NFT-based capacity right serves as a trusted
and tradable digital representation of the energy storage asset
in the blockchain-enabled market.

F. Final Settlement and Deposit Release

After the verification of delivery and payment conditions
for each delivery window 7, the smart contracts execute the
final settlement for all participants. Once both the energy
storage supplier and the buyer have fulfilled their contractual
obligations, the contract releases a proportional amount of
the locked deposits and finalizes the payment based on the
cleared capacity and market price. The released deposit and
final settlement payments are computed as

PS:BSDSa PB:BBDBa

where Pg and Pp denote the released deposits for the supplier
and the buyer, respectively, Dg and D p are the locked deposits
defined in the deposit stage, and 8s, B € (0, 1] are the release
coefficients determined by the smart contract. This ensures
that all payments and deposit releases are consistent with the
verified delivery quantities and the uniform clearing price \}.
After settlement, the verified results, including digital iden-
tities, cleared quantities, market price, and released deposits,
are permanently recorded on the blockchain as a final NFT:

NFTfia (tokenld, DID, 7, q; ., yj
Ay, Ps, P, payment details).

(26)

27)

This step ensures transparency, verifiability, and the comple-
tion of the blockchain-based energy storage transaction cycle.



IV. FUTURE DIRECTIONS AND PRACTICAL EXTENSIONS
A. Incorporating Degradation-Aware Supply Pricing

In the current design, sellers submit piecewise-constant
marginal ask functions, which simplify capacity clearing but
neglect the physical degradation of batteries. A practical im-
provement is to incorporate degradation-aware marginal costs
that reflect both cycle wear and calendar aging effects. For
seller ¢, the unit degradation cost can be formulated as
8 (q;0:) = a; + big + ¢:(DOD, T, uy),

Ci,'r

(28)

where 6; = (a;,b;, ;) captures the parameters related to
linear throughput cost and nonlinear degradation as functions
of depth-of-discharge (DOD), temperature 7', and utilization
rate u,;. The total cost function then becomes

q
IS (g:6,) = / % (2:0,) d.
0

This enhancement enables pricing to more accurately re-
flect the real wear-and-tear of battery assets, guiding market
participants toward sustainable operation and prolonging the
life cycle of SES. Future work can empirically estimate 6,
from operating data D {(DODy, T}, u; 1, ASOH;)}; by
minimizing degradation prediction errors. Such data-driven
calibration allows capacity pricing to align with physical
performance, producing more credible market equilibria.

(29)

B. Real-Time Verification of Delivered Capacity

The current market settles on a scheduled basis at the end
of each delivery window. To improve accountability, real-time
verification mechanisms can be integrated using metered dis-
charge data. Let ¢; , Zt - Uit denote the actual discharged
energy from seller ¢ and define the fulfillment ratio as

€i,r

= W» (30)
(3 7;,7— T

pi,T
where 7); is the contractual efficiency, ¢;, is the cleared
capacity right, and A is the delivery duration. A fulfillment-
adjusted payment can then be expressed as

AdjPay, . = A\.q; . pir- 31

This real-time validation links financial settlements directly
to metered performance, ensuring that payments correspond
to actual energy provision. It enhances market credibility, dis-
courages under-delivery, and transforms smart contracts into
compliance tools without altering the core pricing structure.

C. Streaming Settlement Based on Actual Usage

Traditional settlement aggregates all payments at the win-
dow boundary, delaying cash flows and increasing settlement
risk. Future extensions can adopt a streaming settlement mech-
anism that continuously processes payments based on real-
time utilization. Dividing 7 into smaller subslots ¢ € T, (e.g.,
every 5 minutes), the streaming settlement can be defined as

Z dPay, , = Azeir.

ter

dPay, , = Noug 32)
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This continuous settlement approach aligns cash flow timing
with real energy delivery, reduces counterparty risk, and en-
ables adaptive payment streaming for dynamic market environ-
ments. It effectively bridges the gap between market clearing
signals and physical dispatch, paving the way for executable,
real-time blockchain-based energy transactions.

V. CONCLUSION

This paper presented a unified blockchain enabled frame-
work for shared energy storage and introduced a peer to
peer market for capacity rights that integrates sealed bid
privacy, on chain verifiability, and analytical market clearing.
By representing sellers’ asks and buyers’ values as piece-
wise capacity curves over delivery windows, the proposed
mechanism enables the smart contract to verify commitments,
maximize social welfare, and compute a uniform clearing price
with Karush-Kuhn-Tucker feasible allocations. The framework
further supports transparent settlement through deposit es-
crows and capacity right tokenization, ensuring both fairness
and auditability. Compared with simulation driven or purely
numerical approaches, this design provides a provably optimal
and verifiable clearing mechanism. In addition, the frame-
work accommodates practical deployment choices such as
permissioned ledgers for high throughput community or cloud
settings and public networks or payment channels for low
fee peer to peer transactions, while preserving a consistent
security and audit model. It also supports interoperability
with electricity, renewable certificate, and carbon accounting
records so that settlement can reconcile across markets. Future
research will extend the market microstructure to incorporate
degradation aware supply pricing, post trade verification using
metered delivery data, and streaming, usage aligned settlement
to further enhance fairness, accountability, and operational
reliability, and will validate scalability and governance in field
pilots with real users and devices.

ACKNOWLEDGMENT

This work was supported in part by the Key Field
Projects of Ordinary Universities in Guangdotng Province
(No. 2025ZDZX3050); and in part by the National Natural
Science Foundation of China (No. 62576213); and in part
by Engineering Technology Research Center for Ordinary
Universities in Guangdong Province (No. 2024GCZX005); in
part by Guangdong-Hong Kong-Macao Joint Laboratory for
Emotional Intelligence and Pervasive Computing, Artificial In-
telligence Research Institute, Shenzhen MSU-BIT University.

REFERENCES

[1] R. Atia and N. Yamada, “Sizing and analysis of renewable energy and
battery systems in residential microgrids,” IEEE Transactions on Smart
Grid, vol. 7, no. 3, pp. 1204-1213, May 2016.

T. Zhang, S. Liu, W. Qiu, Z. Lin, L. Zhu, and D. Zhao, “Kpi-based real-
time situational awareness for power systems with a high proportion of
renewable energy sources,” CSEE Journal of Power and Energy Systems,
vol. 8, no. 4, pp. 1060-1073, 2022.

X. Luo, J. Wang, M. Dooner, and J. Clarke, “Overview of current
development in electrical energy storage technologies and the application
potential in power system operation,” Applied Energy, vol. 137, pp. 511—
536, 2015.

[2]

[3]



[4]

[5

=

[6]

[7]

[8]

[9

—

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

A. Walker and S. Kwon, “Design of structured control policy for shared
energy storage in residential community: A stochastic optimization
approach,” Applied Energy, vol. 298, p. 117182, 2021.

J. Wang, X. Liu, and C. Zhang, “Application prospect, development
status and key technologies of shared energy storage toward renewable
energy accommodation scenario in the context of china,” Energy Re-
ports, vol. 9, pp. 2156-2170, 2023.

W. Qiu, W. Liu, Y. Gao, C. Zhang, and Y. Chen, “A review and outlook
on cloud energy storage: An aggregated and shared utilizing method of
energy storage system,” Energies, vol. 16, no. 4, p. 1567, 2023.

X. Liu, Z. Wang, H. Li, C. Fang, and J. Zhang, “Application prospect,
development status and key technologies of shared energy storage toward
renewable energy accommodation scenario in the context of china,”
Applied Energy, vol. 365, p. 123198, 2024.

J. Liu, N. Zhang, C. Kang, D. Ma, and Q. Chen, “Decision-making
models for the participants in cloud energy storage,” IEEE Transactions
on Smart Grid, vol. 9, no. 6, pp. 5512-5521, 2018.

J. Zhang, M. Li, K. Sun, C. Wang, and L. Zhao, “The utilization of
shared energy storage in energy systems: A comprehensive review,”
IEEE Transactions on Smart Grid, vol. 12, no. 4, pp. 3200-3213, 2021.
Y. Chen, L. Huang, H. Wu, Z. Xu, and F. Teng, “Applications of shared
economy in smart grids: Shared energy storage and transactive energy,”
Renewable and Sustainable Energy Reviews, vol. 162, p. 112424, 2022.
C. Kang, J. Liu, and N. Zhang, “A new form of energy storage in future
power system: Cloud energy storage,” Automation of Electric Power
Systems, vol. 41, no. 21, pp. 2-8, 2017, (in Chinese).

H. Song, W. Zhang, C. Liu, J. Guo, and X. Chen, “Prospects and barriers
analysis framework for the development of energy storage sharing,”
Journal of Energy Storage, vol. 52, p. 104998, 2022.

X. Shi and H. Duan, “Data valuation and pricing in internet of things:
Survey and vision,” in IEEE International Conference on Smart Internet
of Things (SmartloT 2024), Shenzhen, China, Nov. 2024.

Y. Peng and H. Duan, “Blockchain-based incentive mechanism in
internet of things: Survey and vision,” in /EEE International Conference
on Smart Internet of Things (SmartloT 2024), Shenzhen, China, Nov.
2024.

Y. Qin, T. Ma, H. Chen, and H. Duan, “Artemix: A community-boosting-
based framework for airdrop hunter detection in the web3 community,”
in IEEE International Conference on Blockchain, 2024.

H. Duan, A. E. Saddik, and W. Cai, “Incentive mechanism design
towards a win-win situation for generative art trainers and artists,” IEEE
Transactions on Computational Social Systems, 2024.

U. Damisa, S. S. Alotaibi, Y. Charfi, K. Salah, and R. Jayaraman,
“Blockchain-based auctioning for energy storage sharing in a smart
community,” Energies, vol. 15, no. 6, p. 1954, 2022.

N. Thomas, L. Hernandez, M. Vitale, and A. Parisio, “Blockchain-
enabled local market for sharing storage in energy communities,”
in IEEE PES Innovative Smart Grid Technologies Conference (ISGT
Europe), 2023.

M. Ali, FE Liu, T. Zhang, X. Li, and S. Chen, “Application of a
community battery-integrated microgrid in a blockchain-based local
energy market accommodating p2p trading,” Applied Energy, vol. 362,
p. 122076, 2024.

J. Yu, B. Wang, Z. Zhang, M. Liu, and Y. Zhao, “Economic optimal co-
ordinated dispatch of community energy storage considering blockchain-
based market transactions,” Energy Reports, vol. 9, pp. 1264-1278,
2023.

K. Xiang, Q. Zhao, H. Xu, L. Chen, and Y. Lu, “Automatic demand
response strategy of local pure electric vehicle with battery energy
storage system based on blockchain technology,” in Proceedings of the
International Conference on Power and Energy Systems (ICPES), 2018,
pp. 189-195.

M. Umar, Z. Yaping, L. Chao, A. Khan, and L. Haoran, “Blockchain-
based decentralized energy management for smart communities,” [EEE
Access, vol. 9, pp. 150235-150248, 2021.

A. Demidov, N. Smirnova, A. Ivanov, S. Popov, and D. Koval, “Energy
management system for community energy storage using blockchain,”
Journal of Energy Storage, vol. 50, p. 104228, 2022.

Y. Wang, G. Liu, H. Liu, X. Zhang, and Y. Wu, “Design of power battery
data monitoring and sharing system based on blockchain,” Energy
Reports, vol. 8, pp. 12480-12490, 2022.

Y. Zhang, H. Cui, J. Xu, X. Ding, Z. Liu, H. Wu, Y. Li, and P. Zhang,
“A real-time blockchain-based state estimation system for battery energy
storage systems,” Applied Energy, vol. 341, p. 121062, 2023.

6297

[26]

[27]

[28]

[29]

[30]

[31]

[32]

(33]

[34]

(35]

[36]

(371

(38]

[40]

[41]

[42]

[43]

[44]

[45]

B. Luo, X. Shen, and J. Ping, “Energy storage sharing mechanism based
on blockchain,” in Proceedings of the IEEE 3rd Student Conference on
Electrical Machines and Systems (SCEMS). Jinan, China: IEEE, Dec.
2020.

C. N. Truong, M. Schimpe, U. Biirger, H. C. Hesse, and A. Jossen,
“Multi-use of stationary battery storage systems with blockchain based
markets,” Energy Procedia, vol. 155, pp. 3—-16, Nov. 2018.

J. J. Ochoa, G. Bere, I. R. Aenugu, T. Kim, and K.-K. R. Choo,
“Blockchain-as-a-service (baas) for battery energy storage systems,” in
Proceedings of the IEEE Texas Power and Energy Conference (TPEC).
College Station, TX, USA: IEEE, Feb. 2020.

S. Chinnaperumal, S. K. Raju, A. H. Alharbi, S. Kannan, D. S. Khafaga,
M. Periyasamy, M. M. Eid, and E.-S. M. El-kenawy, ‘“Decentralized
energy optimization using blockchain with battery storage and electric
vehicle networks,” Scientific Reports, vol. 15, no. 5940, Feb. 2025.

W. Hou, L. Guo, and Z. Ning, “Local electricity storage for blockchain-
based energy trading in industrial internet of things,” IEEE Transactions
on Industrial Informatics, vol. 15, no. 6, pp. 3610-3619, Jun. 2019.

B. Bird, H. R. Bokkisam, I. Savelli, T. Morstyn, and P. Cuffe, “Towards
a blockchain implementation of a governance and revenue dispersal
mechanism for investments in battery energy storage systems,” in
Proceedings of the IEEE Belgrade PowerTech. Belgrade, Serbia: IEEE,
Jun. 2023.

I. R. Aenugu, G. Bere, J. J. Ochoa, T. Kim, C. Lee, and J. hu Park,
“Battery data management and analytics platform using blockchain
technology,” in Proceedings of the IEEE Transportation Electrification
Conference & Expo (ITEC). Chicago, IL, USA: IEEE, Jun. 2020.

S. Gong, P. Ding, X. Yan, Y. Wang, and B. Huang, “Design of power
battery data monitoring and sharing system based on blockchain,” in
Proceedings of the 3rd International Conference on Electronic Informa-
tion Technology and Computer Engineering (EITCE). Xiamen, China:
IEEE, Oct. 2019.

Y. Wang, W. Qiu, L. Dong, W. Zhou, Y. Pei, L. Yang, H. Nian, and
Z. Lin, “Proxy signature-based management model of sharing energy
storage in blockchain environment,” Applied Sciences, vol. 10, no. 21,
p. 7502, 2020.

N. Wang, S. C.-K. Chau, and Y. Zhou, “Privacy-preserving energy
storage sharing with blockchain and secure multi-party computation,”
ACM SIGEnergy Energy Informatics Review, vol. 1, no. 1, pp. 32-50,
2022.

X. Jiang, L. Li, W. Qiu, Y. Pei, Y. Tao, and Z. Lin, “Secure multi-
party computation scheme of shared energy storage index based on
blockchain environment,” in Proceedings of the IEEE/IAS Industrial and
Commercial Power System Asia (I&CPS Asia). 1EEE, 2021.

M. Meng and Y. Li, “Sfedchain: Blockchain-based federated learning
scheme for secure data sharing in distributed energy storage networks,”
Peer] Computer Science, vol. 8, p. e1027, 2022.

G. Sun, M. Dai, F. Zhang, H. Yu, X. Du, and M. Guizani, “Blockchain-
enhanced high-confidence energy sharing in internet of electric vehicles,”
IEEE Internet of Things Journal, vol. 7, no. 9, pp. 7868-7882, Sep. 2020.
H. Huang, L. Wang, B. Zhao, C. Liu, T. Lu, and S. Sun, “Distributed
collaborative regulation method of comprehensive energy system based
on blockchain and state awareness,” in Proceedings of the China Inter-
national Conference on Electricity Distribution (CICED). Hangzhou,
China: IEEE, Sep. 2024.

A. Zekiye, O. S. Bankaoglu, O. Bouachir, 0. Ozkasap, and M. Alo-
qaily, “Analysis of blockchain assisted energy sharing algorithms with
realistic data across microgrids,” in 2024 6th International Conference
on Blockchain Computing and Applications (BCCA). Dubai, United
Arab Emirates: IEEE, 2024, pp. 310-317.

A. Zekiye, O. Bouachir, O. Ozkasap, and M. Aloqaily, “Blockchain-
enabled energy trading and battery-based sharing in microgrids,” in /CC
2024 - IEEE International Conference on Communications. Denver,
CO, USA: IEEE, 2024, pp. 4674-4679.

M. Kim, J. Lee, J. Oh, K. Park, Y. Park, and K. Park, “Blockchain
based energy trading scheme for vehicle-to-vehicle using decentralized
identifiers,” Applied Energy, vol. 322, p. 119445, 2022.

Y. Sun, L. Wang, Y. Jiang, Z. Xu, and W. Xu, “Optimization configura-
tion of shared energy storage users considering demand response based
on blockchain,” in 2022 12th International Conference on Power and
Energy Systems (ICPES). Guangzhou, China: IEEE, 2022, pp. 753-757.
S. Boyd and L. Vandenberghe, Convex Optimization. =~ Cambridge
University Press, 2004.

R. T. Rockafellar, Convex Analysis. Princeton University Press, 1970.



