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Abstract—Peer-to-Peer (P2P) electricity trading has emerged
as a key enabler for decentralized energy systems, allowing
prosumers with distributed energy resources such as solar pho-
tovoltaic (PV) systems and electric vehicles (EVs) to buy and sell
electricity directly. This paper presents a lightweight, interactive
simulation dashboard for P2P electricity trading, developed using
the Streamlit framework. The system models energy generation,
demand patterns, dynamic pricing, and matching algorithms to
emulate a residential P2P microgrid. Prosumers and consumers
are represented with distinct profiles including solar homes,
EV homes, hybrid solar-EV homes, and traditional consumers
allowing visualization of energy flows and market activity. The
dashboard provides real-time charts, automated trading logs,
and a simplified market-clearing mechanism, making it suitable
for teaching, prototyping, and community microgrid feasibility
studies. Results demonstrate the capability of the simulation to
model heterogeneous household interactions and visualize trade
behavior across daily cycles. This tool offers a foundation for
further work incorporating battery storage, blockchain smart
contracts, and real-world sensor data.

Keywords—Peer-to-Peer Energy Trading, Microgrid, Dis-
tributed Energy Resources, Renewable Energy, Electric Vehicles.

I. INTRODUCTION

The rise of distributed energy resources (DERS), such as
rooftop solar photovoltaic systems and electric vehicles, is
reshaping modern electricity distribution. Traditional top-down
power delivery is progressively evolving toward prosumer-
centric models [1]. P2P energy trading enables users to buy
and sell electricity directly within localized networks, increas-
ing renewable energy utilization and reducing dependency on
centralized utilities [2]-[4]. Real-world deployments such as
the Brooklyn Microgrid project [5] and emerging blockchain-
enabled platforms [6]-[8] highlight the growing adoption
of community-driven energy sharing models. P2P electricity
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markets contribute to grid resilience, cost savings, and carbon
reduction, especially when integrated with EVs, energy storage
systems, and home energy management systems [9]-[12].

However, many existing simulation tools for microgrids and
P2P markets require advanced power system expertise and
complex setups. This motivates the development of acces-
sible, fast-prototyping platforms that can support education,
early-stage research, and stakeholder engagement. Streamlit—
a Python-based interactive dashboard framework—provides an
ideal environment to demonstrate P2P market behavior, energy
flow, and trading outcomes in a user-friendly manner.

This paper proposes a Streamlit-based P2P trading simulator
focusing on a small residential community comprising solar
homes, EV homes, hybrid solar—EV prosumers, and normal
consumers. The main contributions are:

« A simple but extensible simulation model for P2P trading
with DERs and EVs;

e An interactive dashboard for real-time visualization of
generation, demand, and trades;

o A modular framework that can be extended with battery
storage, blockchain, and Al-based optimization.

II. RELATED WORK

P2P energy trading has been studied extensively in the
context of decentralized market mechanisms [13]-[15], game-
theoretic resource allocation [16], [17], and DER-based com-
munity microgrids [11], [18], [19]. Reviews such as [2], [4],
[20] summarize technical, economic, and policy aspects of
P2P trading. Blockchain technologies further enhance market
transparency, trust, and security [6], [7], [21]. Smart contracts
can automate settlement processes and enable secure de-
centralized transactions [22], [23]. Example implementations
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include token-based local markets, reputation systems, and
privacy-preserving transaction mechanisms [8].

DER integration, including rooftop PV and EVs, has been
widely investigated [9], [24], [38]. These studies show how
flexible loads and storage can support frequency regulation,
peak shaving, and local balancing. Optimal bidding and
scheduling strategies for residential P2P participants are dis-
cussed in [25], [26]. At the system level, microgrid con-
trol architectures, energy management strategies, and local
market rules are surveyed in [30]-[32]. In Southeast Asia
and Malaysia, policy and regulatory frameworks for DERs,
microgrids, and renewable energy are described in [33]-[36],
highlighting the relevance of such tools for regional planning
and education.

Despite the growing body of literature on peer-to-peer (P2P)
energy trading, accessible tools that explicitly visualize P2P
market behavior at the household level remain limited. The
proposed Streamlit-based dashboard addresses this gap by
offering an interactive, self-contained, and extensible simu-
lation platform that enables users to explore prosumer interac-
tions, energy exchanges, and pricing outcomes. Owing to its
lightweight web-based design, the tool is particularly well-
suited for educational use, exploratory analysis, and early-
stage prototyping of decentralized electricity trading mecha-
nisms.

III. SYSTEM ARCHITECTURE

Energy trading is triggered when local generation exceeds
individual demand. Surplus energy is first allocated to P2P
trading among participants before being stored in the com-
munity battery. When demand exceeds generation, energy
is drawn from the battery or imported from the grid. Each
participant is characterized by hourly energy generation and
consumption profiles. The proposed system models a small
residential community with four types of participants:

o Solar Home: A household equipped with rooftop PV
acting as a prosumer;

« EV Home: A household with an electric vehicle, modeled
as a flexible demand;

o Hybrid Solar-EV Home: A prosumer possessing both
PV and an EV, capable of switching between net seller
and net buyer states;

o Normal Resident: A conventional consumer without
local generation.

Each participant has a time-varying energy profile deter-
mined by solar generation and load behavior. When a Solar
or Hybrid home has surplus energy, it can sell that surplus to
other homes with unmet demand through a P2P market. Fig. 1
illustrates the conceptual model of the P2P residential energy
network.

The P2P electricity trading model, as illustrated allows
households to trade electricity directly with one another,
fostering a decentralized and localized energy-sharing system.
In this model, participants can generate electricity using re-
newable energy sources such as solar panels, store the excess
energy in batteries, and trade surplus power with neighbors

ﬁ P

Resident with solar

Y.

Resident with EV

P2P

Mﬂ«—ﬁ&

Resident Resident with rooftop solar and EV

Fig. 1. Structure of P2P electricity model.

or others within the network. By facilitating direct energy
transactions, the P2P model minimizes dependence on cen-
tralized power grids, promoting a more resilient and efficient
energy ecosystem. It empowers individuals to take control
of their energy needs, enabling them to optimize generation,
consumption, and storage while reducing waste. This approach
not only enhances energy security but also supports the broader
integration of renewable energy technologies, contributing to a
more sustainable and environmentally friendly energy future.

This diverse set of participants enables the P2P system
to function as an efficient, collaborative, and environmen-
tally friendly energy marketplace, supporting the adoption
of renewable energy technologies and reducing reliance on
traditional centralized power grids. The arrows in the diagram
illustrate the flow of electricity and the corresponding financial
or credit transactions between participants in the P2P elec-
tricity trading system. These arrows represent the dynamic
and flexible exchange of energy and payments within the
network. For example, a resident with surplus solar energy
can sell this excess electricity to a neighbor who needs to
charge their electric vehicle (EV). Similarly, a household with
stored energy in an EV battery can supply power to a nearby
household during peak demand periods, ensuring that energy
needs are met efficiently. This flexible and interactive trading
system enables direct energy exchanges between peers, reduc-
ing reliance on centralized grids and transmission systems.
By facilitating localized energy use, it minimizes energy loss
that typically occurs during long-distance transmission and
optimizes the utilization of local resources, contributing to a
more sustainable and efficient energy ecosystem.

IV. METHODOLOGY
A. Solar Generation and Load Modeling

Solar generation is modeled using a sinusoidal irradiance
profile, which approximates typical clear-sky PV production

with a midday peak [2]:
t —
Grotar(t) = max <o, sin (77(126)» Py, (1)

where ¢ is the hour of the day (0-23) and B,y is the installed
PV capacity.
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EV charging demand is modeled with higher activity during
evening hours, reflecting common user behavior [10], [12].
Normal residential demand is represented as a stochastic
process with bounds derived from typical household con-
sumption [9]. Hybrid homes combine both PV generation
and EV demand, leading to alternating buyer—seller behavior
throughout the day.

B. P2P Market Clearing Algorithm

The P2P matching mechanism implements a simplified
supply—demand balancing model inspired by [3], [11], [14].
For each time step:

1) Compute net energy balance for each participant:

B, =G; - L,

where G; and L; denote generation and load of partici-
pant <.

2) Homes with B; > 0 become sellers with surplus S; =
B;; homes with B; < 0 become buyers with deficit

D, =—-B,.
3) Energy is allocated between sellers and buyers according
to:

Etrade(iy,j) = min(Siy D_])a

where FEiaqe(%,j) is the energy traded from seller ¢ to
buyer j.
4) The P2P price is set as a fraction of the grid price:

Pryp = aPyid,

with 0 < a < 1; in this work, a = 0.8, providing an
economic incentive for both parties relative to the utility
tariff [15], [17].

All trades are recorded with timestamps, seller—buyer identi-
fiers, traded volume, and monetary cost, forming a transaction
log suitable for further analysis or later integration with
blockchain-based settlement [7], [22].

V. P2P ELECTRICITY TRADING SIMULATION DASHBOARD

The P2P Electricity Trading Simulation Dashboard is de-
signed as an interactive analytical tool to examine the dy-
namics of decentralized energy exchange among households
equipped with distributed energy resources (DERs), conven-
tional residential consumers, and electric vehicle (EV) owners.
The dashboard integrates configurable simulation parameters,
real-time visual analytics, and market interaction models to
provide a comprehensive representation of a community-scale
P2P energy marketplace. This design allows non-experts to
explore P2P behavior and understand how DERs and EVs
influence community-level energy flows, similar in spirit to
other educational or exploratory tools for smart grids [30],
[31]. The simulation results illustrate several qualitative be-
haviors consistent with the literature on P2P energy trading
and microgrids [1], [2], [4], [20]:

o Midday Solar Surplus: Solar and Hybrid homes often

act as net sellers during midday, providing surplus energy
to EV and Normal homes at discounted P2P prices.

o Evening Demand Peaks: EV Homes and Hybrid homes
become major buyers during evening hours, matching
empirical studies on EV charging behavior [10], [12].

o Dynamic Role of Hybrids: Hybrid Solar—EV homes
frequently switch roles between seller and buyer, re-
flecting the importance of flexible prosumers in local
markets [11], [24].

o Trade Volume Patterns: The number of P2P transactions
peaks when both sufficient surplus and high demand
coexist, typically near transitions between day and night.

The dashboard provides an intuitive visualization of these
interactions, making it a useful teaching and demonstration
tool. While the model abstracts away network constraints,
losses, and detailed tariff structures, it captures the essence
of market dynamics and prosumer behavior found in more
complex studies [14], [18], [32]. From a regional perspective,
such tools are particularly relevant for countries like Malaysia
and ASEAN members, where DER penetration and regulatory
frameworks for distributed energy are evolving [33]-[36].
The simulator can be adapted with local tariff data, solar
resource profiles, and policy constraints to support stakeholder
engagement and capacity building.

A. Simulation Settings and Parameterization

The left panel of the dashboard hosts a configurable simu-
lation environment in which users may adjust key operational
parameters. The first parameter, the number of simulation
steps, determines the temporal resolution of energy generation,
load variations, and market transactions. By adjusting the sim-
ulation step size, researchers can study short-duration market
oscillations or long-term trading patterns. Fig. 2 illustrates the
simulation settings and parameterization of the dashborad.

Simulation Settings

Simulation Steps

140
————
10 200

Base Grid Price (RM/kWh)

———
0.20 1.00

Solar Capacity (kW)
5.00
)

1.00 10.00

Fig. 2. Simulation Settings and Parameterization

The base grid price (RM/kWh) allows the simulation of
tariff-driven user behavior and market arbitrage tendencies.
Higher grid tariffs typically increase P2P participation, while
lower tariffs reduce the incentive for users to engage in local
trading. The solar capacity parameter specifies the nominal
power rating of rooftop photovoltaic systems, which directly
influences the amount of surplus energy available for trading.
Collectively, these configurable elements enable the platform
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to serve as a testbed for scenario-based analysis, regulatory
experimentation, and market design evaluation.

B. Solar Generation Time-Series

The dashboard visualizes hourly solar generation using a
cyclic irradiance-driven generation curve that emulates typical
tropical solar behavior. The waveform displays low output
during early morning, rapid rise toward noon, and symmetrical
decline in the evening. This diurnal pattern reflects realistic
photovoltaic generation characteristics commonly observed in
equatorial regions such as Malaysia. Fig. 3 illustrates the solar
generation in time series.
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Fig. 3. Solar Generation Time-Series

This time-varying generation is crucial to understanding the
intermittent nature of DER supply. During mid-day peak in-
tervals, the system exhibits significant surplus energy, thereby
maximizing opportunities for P2P trade facilitation. Con-
versely, during low-sunlight periods, the community’s reliance
on stored energy or the central grid becomes more apparent.

C. Battery State of Charge

The battery state of charge (SOC) plot demonstrates charg-
ing during surplus periods and discharging during peak de-
mand hours, emphasizing the role of storage in energy balanc-
ing. Figure 4 illustrates the hourly state of charge (SOC) of
the community battery over a 24-hour simulation period in the
proposed peer-to-peer (P2P) electricity trading system. During
the early hours of the day (00:00-07:00), the battery SOC
remains at zero, indicating the absence of surplus renewable
generation and the community’s reliance on grid imports
to satisfy electricity demand. As solar generation becomes
available in the morning, the battery begins to charge gradually
from 08:00, reflecting excess local generation after P2P energy
exchanges among participants. A rapid increase in SOC is
observed between 09:00 and 11:00 due to peak solar output
and relatively low community load.

The battery reaches its maximum capacity of approximately
20 kWh around midday (12:00) and remains fully charged
until late afternoon, demonstrating effective utilization of sur-
plus renewable energy. From 18:00 onwards, the battery enters
a discharging phase as community demand increases during
evening hours, driven primarily by residential consumption
and electric vehicle charging. The SOC decreases steadily and

20.01
17.54
15.0 1
12.54
10.0
7.54

5.0 4

State of Charge (kWh)

2.51

0.0 1

0 2 4 6 8 10 12 14 16 18 20 22 24
Hour of Day

Fig. 4. Hourly state of charge of the community battery showing charging
during midday surplus generation and discharging during evening peak
demand in the P2P electricity trading system.

reaches zero by approximately 21:00, after which electricity
demand is met through grid imports. Overall, the SOC profile
highlights the role of the community battery as a temporal
energy buffer, enabling energy shifting from periods of high
renewable generation to peak demand hours and enhancing the
operational efficiency of the P2P electricity trading framework.

D. EV and Residential Demand Modeling

Two distinct load profiles are represented: EV charging
demand and conventional residential consumption. The EV
demand curve demonstrates intermittent high-load blocks that
correspond to charging sessions typically initiated during
morning departures, midday top-up charging, or evening
return-to-home charging cycles. These sessions exhibit sig-
nificantly higher power requirements compared to normal
household appliances. Fig. 5 illustrates the EV and resident
demand of the simulation.
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Fig. 5. EV and Residential Demand

The residential demand profile, on the other hand, is
modeled as a stochastic low-power signal with short-term
fluctuations capturing lighting use, appliance usage, and oc-
cupant behavior. The combination of these two demand types
produces periods of both synchronized and unsynchronized
load events. Understanding this mismatch between load types
and solar generation is central to analyzing the feasibility and
effectiveness of a P2P trading system.
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E. Visualization of P2P Trading Activity

The dashboard computes successful peer-to-peer energy
trades per hour based on the availability of surplus solar
energy and the presence of local demand from the EV and
residential load profiles. This metric is visualized as a time-
series bar chart that highlights the intensity and frequency of
P2P market interactions. Fig. 6 shows the P2P trading activity
of the simulated scenarios.
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Fig. 6. P2P Trading Activity

Periods of high trading activity typically coincide with the
mid-day solar surplus, whereas reduced activity often occurs
during nighttime hours when solar generation is absent. The
trading activity plot thus acts as a proxy for market liquidity,
DER utilization efficiency, and local energy balancing perfor-
mance. Such visual analytics can inform policymakers and
system operators regarding time-of-use pricing design, DER
placement strategies, and the need for storage integration.

Table I summarizes the example of daily solar energy gen-
eration and electricity demand of individual prosumers within
the community microgrid. The data highlight heterogeneous
energy profiles across households, where prosumers P1 and P4
exhibit surplus or near-balanced generation relative to demand,
while P2, P3, and P5 experience net energy deficits. Such
diversity in generation—demand balance creates opportunities
for peer-to-peer (P2P) energy trading, allowing surplus en-
ergy from solar-rich prosumers to be redistributed to deficit
households. This variation forms the basis for evaluating
local energy sharing, market clearing mechanisms, and overall
microgrid self-sufficiency.

TABLE L
EXAMPLE OF SOLAR ENERGY GENERATION AND HOUSEHOLD DEMAND
OF PROSUMERS

Prosumer  Generation (kWh) Demand (kWh)
P1 4.17 2.26
P2 2.38 3.52
P3 2.39 4.32
P4 3.43 3.74
P5 1.72 3.68

Table II summarizes the example of representative peer-to-
peer (P2P) energy trading transactions executed among pro-
sumers in the community microgrid, detailing the seller—buyer

pairs, traded energy quantities, and corresponding transaction
prices. The transactions illustrate how surplus solar energy
from Prosumer 1 is redistributed to deficit prosumers, namely
Prosumers 2 and 3, through bilateral energy exchanges. The
variation in traded energy volumes and prices reflects differ-
ences in demand levels and localized pricing mechanisms,
which may be influenced by real-time energy availability,
willingness to pay, or market-clearing rules. These transactions
demonstrate the operational feasibility of localized P2P energy
trading and provide a basis for evaluating economic benefits,
pricing strategies, and overall microgrid efficiency.

TABLE IL
EXAMPLE OF PEER-TO-PEER (P2P) ENERGY TRADING TRANSACTIONS

Transaction Seller Buyer Energy (kWh)  Price (RM)
Tl Prosumer 1 Prosumer 2 1.14 0.51
T2 Prosumer 1 Prosumer 3 0.77 0.35

F. Integrated Insight and System Interpretation

By consolidating generation, demand, and trading infor-
mation into a unified interface, the dashboard serves as a
powerful tool for assessing decentralized energy systems. It
enables researchers, planners, and engineers to observe how
varying DER capacities, load behaviors, and tariff structures
influence the stability and efficiency of a P2P microgrid. The
dashboard further supports exploratory analysis for community
energy planning, simulation of behavioral responses to price
signals, and evaluation of system resilience under different
DER penetration levels. Its ability to visually communicate
complex interactions makes it suitable not only for technical
assessment but also for stakeholder engagement, educational
use, and demonstration of microgrid concepts in academic and
industrial contexts.

VI. CONCLUSION

This paper presented a Streamlit-based interactive dash-
board for simulating peer-to-peer (P2P) electricity trading
in a residential microgrid setting. The proposed platform
models the behavior of distributed energy resources (DERs),
household electricity demand patterns, and local market mech-
anisms, allowing users to observe energy flows, trading de-
cisions, and price formation through an intuitive web-based
interface. By leveraging Streamlit, the system provides a
lightweight and accessible tool for rapid prototyping, scenario
exploration, and educational demonstrations of decentralized
energy trading concepts. Future work will extend the cur-
rent framework by integrating battery energy storage system
(BESS) dynamics, enabling the analysis of energy arbitrage,
self-consumption optimization, and grid support services. In
addition, the incorporation of blockchain-based transaction
ledgers will enhance transparency, traceability, and trust in
P2P market operations. Finally, coupling the dashboard with
real-world IoT sensor data from smart meters and renewable
energy systems will improve the realism of the simulations and
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pave the way toward near-real-time monitoring and decision-
support applications for community-scale microgrids.
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