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Anomauin

Jane docnidxcennsn 30cepedicene Ha po3podyi cucmemu MOOeNOBAHHS O/ AHANIZY MICYeBUX MIdCeary3e8ux cmpa-
mezili enepeemuyHo20 OANAHCYBAHNS, CRPAMOBAHUX HA BUpiuleHHA npobiem inmezpayii 6ionosmoeanoi enepeemuxu. Cu-
cmema inmezpye iHcmpymenmu 015 YNPAeuiHHa eleKmMpOeHepi€lo, ONANEHHAM, 0XON00ICEHHAM Ma 3apsA0KOoI0 eleKmpo-
MOOINi6 3 MEMOI 3MEHUIeHHST CHOXCUBAHHS eHep2ii ma ii 8oNamuIbHOCI NPU MIHIMATTLHOMY 8NIUGE HA KOMopm Kopu-
cmysauig. OYiHIIOMbC HOBI Midceany3e6i cmpamezii eHepeemuino20 MEHeONCMEeHmM) 3 aKYeHmom Ha CRITbHOMU 8i0HO-
81106aHOT eHepeemuKy ma 63a€Monog'a3ani cucmemu. Jocnioxncenns sKumouae inmezpayiio npocpammnozo 3abesneyents,
cmoxacmuyne MOOeo8aNHA Ma OYIHKY eqheKmusHocmi, wo 0ae 3M02y OMPUMAMu YAGIEHHA NPo ONMUMI3ayilo enepee-
MUYHUX cucmem 011 CMano2o po3eumxy. IIpogederi 00CaiodNcen s UCBIMIAMb NOMEHYIAN MidIC2any3e60i inmezpayii 0na
niOGUWEeHHS enepeoeheKMUBHOCIE ma 2Hy4Kocmi, wjo cnpusmume nepexody na 100% eionosniosani ddcepena enepeii.

Kiro4oBi cj10Ba: CIIBHOTH 3 BiTHOBJIIOBAHOT CHEPIeTHUKH, CHEPTETHYHHHN OallaHC, MiXKTary3eBa iHTeTparlis, Moze-
JIIOBAaHHS HAa OCHOBI MOMIN, ONTHMI3allisl EHePreTUTIHOI CTPATeTii, 3apsaaKa eIeKTPOMOOITiB, CHCTEMH OIAICHHS, SJIeKT-
poMepexi.

Abstract

This study focuses on developing a simulation framework to analyse local cross-sector energy balancing strategies,
addressing the challenges of renewable energy integration. The framework integrates tools for managing electricity,
heating, cooling, and EV charging, aiming to reduce energy consumption and volatility with minimal impact on user
comfort. Novel cross-sector energy management strategies are evaluated, emphasizing renewable energy communities
and interconnected systems. The research involves software integration, stochastic modelling, and performance evalua-
tion, providing insights into optimizing energy systems for sustainability. The enabled studies will highlight the potential
of cross-sector integration to enhance energy efficiency and flexibility, supporting the transition to 100% renewable
energy sources.

Keywords: Renewable energy communities, energy balancing, cross-sector integration, event-based simulation, en-
ergy strategy optimization, EV charging, heating systems, electrical grids.

Introduction

Renewable Energy Communities (RECs) are emerging as transformative solutions in the transition towards
sustainable energy systems. Defined under the European Union’s Renewable Energy Directive (RED-II),
RECs empower communities to produce, consume, store, and sell renewable energy while fostering environ-
mental, economic, and social benefits [1]. By prioritizing local collaboration and energy sharing, RECs enable
efficient utilization of energy resources and provide a framework for integrating diverse renewable energy
sources, such as solar, wind, biomass, and geothermal, as shown in Figure 1.
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Figure 1: REC example with electricity, heat, and EV sharing [2]



The operation and optimization of multi-energy RECs involve intricate interactions between multiple en-
ergy sectors, including electricity, heat, mobility, and energy storage. Cross-sector integration is pivotal in
achieving synergies, such as leveraging surplus energy from one sector to meet the demands of another [3].
This requires sophisticated simulation frameworks capable of modelling energy flows, optimizing demand,
and evaluating the dynamic behaviour of interconnected systems [4]. Tools and methodologies for such frame-
works need to accommodate sector-specific complexities while enabling seamless interoperability.

In this context, the development of a simulation framework that links established sector-specific tools to
model and optimize REC operations is both a challenging and necessary endeavour. Such a framework facili-
tates the empirical evaluation of diverse REC configurations and cross-sector management strategies. It also
supports the exploration of innovative solutions for enhancing energy efficiency, minimizing losses, and opti-
mizing resource allocation.

The research task presented in this work aims to address the challenges of identifying and integrating ap-
propriate tools to construct a versatile cross-sector simulation framework. The approach not only leverages the
strengths of existing sector-specific tools but also ensures flexibility for future enhancements. Through effec-
tive tool selection and integration, the framework aspires to provide a robust platform for advancing the design
and operation of Renewable Energy Communities with cross-sector balancing capabilities.

Simulation framework composition

The development of a cross-sector simulation framework for multi-energy Renewable Energy Communities
(RECSs) requires careful selection of tools capable of managing and optimizing energy flows across multiple
sectors, such as electricity, heating, mobility, and storage. The goal is to create a versatile and integrative
platform that can simulate complex energy interactions, support dynamic modeling, and offer reliable perfor-
mance for the evaluation of various energy management strategies across sectors.

A thorough comparison of available tools for each sector revealed that no single tool could address all
requirements simultaneously. Instead, a combination of specialized tools is chosen to leverage their unique
strengths while mitigating their individual limitations. The selected tools were evaluated based on their support
for key features, such as power and heat flow analysis, energy flow management, stochastic demand modelling,
controlled EV charging, and dynamic responses to external control signals.

For power-flow analysis, pandapower [5] is chosen due to its robust capabilities in electric power flow
analysis at any grid level, seamlessly integrating with the Python-based pandas library for data manipulation
and analysis. This tool provides an effective foundation for electricity grid modelling, which is essential for
the integration of renewable energy sources and the management of fluctuating power demands.

For heating system modelling and demand analysis, AixLib [6] and OpenModelica [7] are selected. AixLib
offers a comprehensive library for thermal system components, including heating networks, heat exchangers,
and household demand models. OpenModelica, as an open-source platform, enables flexible modelling of
dynamic systems and facilitates the design and simulation of interconnected heating systems.

In the context of electric vehicle (EV) charging optimization, smartDCsim [8] is integrated into the frame-
work. This tool models the charging behaviour of EVs and enables optimization of smart charging strategies
based on load shifting and cost minimization. The ability to adapt and integrate the tool into a larger simulation
environment makes it an ideal choice for this sector.

By combining these tools, the simulation framework achieves a flexible and scalable environment capable
of modeling and optimizing the interactions between the electricity, heating, mobility, and energy storage sec-
tors. The selected tools ensure that the framework can handle the complexity of cross-sector energy systems
while providing the necessary functionalities for detailed analysis and optimization.

Research results

The developed co-simulation approach relies on a framework that links different system models and tasks,
each executed by various specialized tools, as sketched in Figure 2. The simulation framework uses an event-
based approach to improve efficiency by evaluating the system only when an event, or change, occurs. This
avoids redundant calculations during stable periods, making the simulation computationally efficient.

The simulation core is centred around the EventStack, where events are stored in chronological order. Each
event is linked to a specific system model, representing an electricity, heating, or EV charging system, and
triggers actions within the corresponding modelling tool. The EventHandler processes events one after another,
ensuring that events are executed sequentially and new events are generated and added to the stack continu-
ously, to maintain the flow of the simulation until the generation of subsequent events is intentionally stopped
to end the simulation. The simulation core coordinates and synchronizes the entire simulation process across



the linked external tools like pandapower for electricity grids, OpenModelica for heating systems, and
smartDCsim for electric vehicle charging, which handle events specific to their sectors.
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Figure 2: Co-simulation framework modules architecture

The Simulation Control Module is responsible for initiating the simulation, managing parameters, and en-
suring the proper integration of external tools. It records data generated during the simulation, which can later
be analyzed by the Statistical Evaluation Module. Results are visualized and exported for further analysis,
providing valuable insights into the behavior and performance of integrated energy systems. The event-based
approach simplifies the simulation of systems with discrete changes, allowing for detailed modelling of dy-
namic interactions without unnecessary computations during stable periods. This design enhances the flexibil-
ity and efficiency of simulating cross-sector energy management strategies.

Conclusion

The development of a simulation framework for analysing cross-sector energy balancing strategies within
Renewable Energy Communities (RECs) demonstrates significant potential for integrating various energy sys-
tems, such as electricity, heating, mobility, and energy storage. The use of a combination of specialized tools
for modelling and analysing sector specific systems enables the creation of a flexible and efficient environment
for optimizing interactions between the different systems.

The key achievement is the implementation of an event-based approach, which significantly reduces com-
putational efforts during stable periods and focuses attention on significant changes. This enhances the effi-
ciency and accuracy of simulation studies, allowing for a deeper exploration of the interdependencies between
different components of energy sectors.

The integration of popular and powerful simulation tools such as pandapower for electric grids, OpenMod-
elica for heating systems, and smartDCsim for electric vehicle charging provides comprehensive modelling
and optimization of interdisciplinary aspects of energy networks. Further development and refinement of this
simulation framework hold the potential to support the transition to 100% renewable energy sources and im-
prove energy efficiency within RECs by providing a flexible evaluation tool.
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