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Abstract
We present the first public release of PyPESOL: the Python P2P En-
ergy SharingOptimization Library. PyPESOL is a lightweight, modu-
lar, and flexible framework designed for cost optimization in peer-to-
peer energy sharing scenarios. It supports both single-user optimiza-
tion and multi-user coordination, including automatic group forma-
tion. Users provide input data such as (forecasted or historical) elec-
tricity consumption, time-varying prices, solar generation profiles,
and battery or PV capacities. Based on configurable system models
(including different tariff schemes and loss assumptions), PyPESOL
computes optimal battery usage decisions for individuals or groups.
To enable scalable group formation, the library implements efficient
greedy algorithms to partition users into energy communities. To
the best of our knowledge, PyPESOL is the first publicly available
framework that combines flexibility, efficiency, and scalability for
P2P energy sharing optimization. Importantly, PyPESOL is also
open-source: https://github.com/dcs-chalmers/pypesol.

CCS Concepts
• Networks→ Peer-to-peer networks; • Hardware→ Energy
generation and storage; Power and energy; • Applied computing; •
Computing methodologies→ Optimization algorithms;
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1 Introduction
Renewable electricity generation, especially from solar photovoltaic
(PV) systems, is becoming increasingly affordable for residential
users. As a result, households are evolving from traditional con-
sumers into prosumers, users who both consume and produce elec-
tricity. In this context, Peer-to-Peer (P2P) energy sharing (cf. Fig-
ure 1, refer to [1, 5, 9, 10] and references therein) has emerged as a
promising approach for optimizing the use of distributed renew-
able resources through local coordination among users. By sharing
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Figure 1: Illustration of P2P energy sharing: prosumers are
equipped with PV panels on roof top and possibly a battery
system; energy and data are exchanged within each group.

solar generation and battery storage capacity in small groups or
energy communities, P2P setups aim to reduce individual electricity
bills, enhance local self-consumption, and relieve pressure on the
centralized grid. Energy can be exchanged freely or traded at regu-
lar intervals, depending on the chosen incentive and tariff models.
These decentralized schemes have drawn increasing attention from
the research community, motivated by their cost-saving potential
and their role in supporting renewable integration. Despite the
promise, many challenges remain in making P2P energy sharing
practical at scale. In particular, calculating at scale local energy
usage for individuals or groups as well as best peer matching (i.e.,
partitioning users into groups) are computationally intensive tasks.

2 A Flexible Optimization Library
To support research and development, we present PyPESOL —
the Python P2P Energy Sharing Optimization Library. PyPESOL
provides a modular and extensible framework for modeling and
solving optimization problems related to energy consumption, stor-
age, and sharing. It supports both individual and group-based cost
optimization, and includes functionality for forming self-contained
user groups using scalable heuristic algorithms. Input: time series
data for each user: (forecasted or historical) consumption, elec-
tricity prices, solar generation profiles, capacities for the battery
and PV systems. Output: battery usage (i.e., relative battery level)
per time slot to minimize electricity costs either individually or
collectively; peer partition into communities.Models: single-user
cost-optimization [3, 5, 6] (optimal decisions using an LP-solver),
including battery and transmission losses [7] or alternative grid
pricing [4]. Peer Matching: recent configurable greedy match-
ing algorithms [3, 5] with proven theoretical guarantees [2, 5, 8].
PyPESOL is based on the Python’s pyomo and coin-or/Cbc1 open-
source LP solver. The library serves as the code-base of several
ACM, IEEE and interdisciplinary publications [3–7]. A brief “get-
ting started” Jupyter notebook illustrates its functionalities2.

1Pyomo: http://www.pyomo.org/; Coin-or/Cbc: https://github.com/coin-or/Cbc.
2https://github.com/dcs-chalmers/pypesol/blob/main/getting_started.ipynb.
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# P # C # Edges Problem size Time pb (s) Matching
0.5k 1.8k 67k 1 year 2.1 ± 0.17 32min
0.9k 3.6k 270k 6 months 1.1 ± 0.12 35min
2.7k 10.7k 2.4M 2 months 0.44 ± 0.06 44min
5.8k 23.1k 11M 1 month 0.27 ± 0.04 1.2h
11.6k 46.2k 45M 2 weeks 0.17 ± 0.03 2.4h
23.2k 92.4k 182M 1 week 0.13 ± 0.02 7h

Table 1: Performance of PyPESOL: no. of prosumers |𝑃 | (# P),
no. of consumers |𝐶 | (# C), no. of pairs (𝑝, 𝑐) ∈ 𝑃 ×𝐶 (# Edges),
length of data per problem, execution time per optimization
problem (± standard deviation) and for the full matching.

3 Optimization Models
Single-user Cost-Optimization (LP-solver). In this simplifiedmodel,

the goal is to minimize the yearly electricity bill for a particular user
following the provided inputs using the following LP-formulation.
The electricity cost, cost(ℎ, 𝑡), of user ℎ at hour 𝑡 is calculated as:
cost(ℎ, 𝑡) = el𝑖𝑛 (ℎ, 𝑡) · (p(𝑡) ·𝑇 + el𝑡𝑎𝑥 )−el𝑜𝑢𝑡 (ℎ, 𝑡) · (p(𝑡) + el𝑛𝑒𝑡 ) ,
where el𝑖𝑛 (ℎ, 𝑡) is the electricity bought, el𝑜𝑢𝑡 (ℎ, 𝑡) electricity sold,
p(𝑡) the market price, 𝑇 a taxation level, el𝑡𝑎𝑥 the added grid tax
and el𝑛𝑒𝑡 a small benefit for selling electricity to the grid. The grid
interactions are trivially found for consumers and prosumers with-
out a battery. For prosumers with a battery, their cost is optimized
over a period of time from 𝑡0 to 𝑡𝑟 via solving the following LP:
• Objective function: minimize bill(ℎ, [𝑡0, 𝑡𝑟 ]) =

∑𝑡𝑟
𝑡=𝑡0

cost(ℎ, 𝑡);
• Constraints (for all 𝑡0 ≤ 𝑡 ≤ 𝑡𝑟 ): battery level bat(ℎ, 𝑡) between
0 and capacity Bℎ , and bat(ℎ, 𝑡) = bat(ℎ, 𝑡 − 1) + el𝑔𝑒𝑛 (ℎ, 𝑡) −
el𝑐𝑜𝑛𝑠 (ℎ, 𝑡) + el𝑖𝑛 (ℎ, 𝑡) − el𝑜𝑢𝑡 (ℎ, 𝑡), where el𝑔𝑒𝑛 (ℎ, 𝑡) is ℎ’s elec-
tricity generation and el𝑐𝑜𝑛𝑠 (ℎ, 𝑡) its consumption, for hour 𝑡 ;

• Opt. variables: {bat(ℎ, 𝑡), el𝑖𝑛 (ℎ, 𝑡), el𝑜𝑢𝑡 (ℎ, 𝑡) | 𝑡0 ≤ 𝑡 ≤ 𝑡𝑟 },
with bat(ℎ, 𝑡0 − 1) indicating the initial battery level.

Group Cost-Optimizations. Under the “aggregate model”, groups
are optimized by considering them as a single user, neglecting
transmission losses. When the latter are considered, a larger LP
needs to be solved (by a factor 𝑛 for groups of size 𝑛). Also, when
peak-based tariffs [4] are used (charging for e.g. the max interaction
with the grid in past month), slowler non-linear solvers are used.

4 Performance Evaluation
We briefly summarize the performance of PyPESOL, as reported in
the evaluation of [5]. The library efficiently solves year-long opti-
mization problems for individual users or aggregated groups (over
26k variables) in ca. 2s on aging consumer hardware (Intel i7-7500U,
16GB RAM). For comparison, solving a one-week problem takes
only 130ms. Forming groups among 115k users (23k prosumers and
92k consumers) with group sizes up to 5 is completed in 7h, corre-
sponding to a processing rate of roughly 7k candidate edges (i.e.,
allowed prosumer–consumer pairs) per second. This is made pos-
sible by PyPESOL’s use of recently introduced greedy algorithms,
which yield an order-of-magnitude speedup over baseline methods.
Despite its scalability, PyPESOL maintains high solution quality.
As illustrated in Figure 2, the library achieves around 75% of the
theoretical maximum cost benefits (obtained via an unrealistic fully
aggregated community) on large-scale instances. These cost savings
are theoretically guaranteed [2, 5, 8] following the processing order
of the nodes. In terms of execution time, PyPESOL is up to 400×
faster than baseline approaches that require full edge enumera-
tion—already several orders of magnitude faster than solving (even
greedily) the full mathematical optimization problem directly [5].
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Figure 2: Comparison of cost and processing time for match-
ing calculations vs. upper-bound or baseline matching (cal-
culating all pairs benefits then doing a greedy matching).

5 Conclusion and Future Extensions
We introduced PyPESOL, the first public release of a comprehensive
library for solving P2P energy sharing optimization problems. The
library efficiently computes optimal battery usage for individuals,
coordinated groups, and user groupings through scalable partition-
ing algorithms. Future releases will extend PyPESOL with support
for more forecasting models, a broader range of tariff structures
(including hourly-varying grid prices), and basic Vehicle-to-Grid
(V2G) charging. We also aim to extend our optimization techniques
to more energy applications and enable interaction with the opti-
mization engine through a web interface and/or mobile app.
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