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Abstract: 

This paper follows the research conducted within the ReEnAct project, building upon the previous work 

and further advancing the findings and insights developed through the initiative through the exploration 

and utilization of renewable energy potential in the Penetal/Loitz region. It refines and extends the 

application of the STEMP-tool, with significant enhancements focused on integrating linear optimization 

and relying predominantly on oemof tools. The study broadens the scope from merely solar and wind 

energy to include biomass and innovative floating PV installations for swamps and moorlands. The 

primary goal remains to mitigate carbon emissions and foster sustainable development in the region. 

In alignment with Germany's energy transition and the German Climate Change Act, this research 

contributes to national objectives by advancing the adoption of renewable energy and reducing 

greenhouse gas emissions. The energy transition highlighted in this study serves as a model for 

successful renewable energy integration in rural areas, driven by local initiatives, ambitious targets, and 

supportive policy frameworks. This paper introduces an improved digitalized model that enhances data 

organization and efficiently manages large annual datasets, transitioning from district-level analyses to 

comprehensive city-wide assessments in a single operation, surpassing the previously developed 

Stemp-tool that depended on average estimations for renewable energy potential assessment. 
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Introduction 

Germany's shift to sustainable energy marks a key transformation in its power strategy. The country 

aims to cut back on fossil fuels and bring more green energy into its power system [1]. This move 

develops national plans, like the German Climate Change Act [2]. This law seeks to lower greenhouse 

gas emissions and boost green growth in all parts of society. Country areas such as Penetal/Loitz have 

a huge role in this change. These places have Spaciousness potential to attain green power through 

sun, wind, plant-based fuel, and other green power methods [3]. 

This paper builds upon the research conducted within the ReEnAct project [4], a pioneering initiative 

focused on optimizing energy systems in the region of Penetal/Loitz. By exploring and utilizing the 

renewable energy potential in this area, the research aims to contribute to Germany’s broader climate 

and energy goals [5], offering valuable insights for regions with similar energy landscapes. While 

previous studies have laid the groundwork for renewable energy integration in rural areas, this study 

expands on those findings by refining and enhancing the tools and methods used for energy potential 

assessment, specifically the STEMP-tool [6]. 

The STEMP-tool, initially designed to assess renewable energy potential at the district level, is 

upgraded to include linear optimization techniques, relying on the open-source energy modelling 

framework, oemof tabular [7]. This enhancement allows for a more granular, efficient, and accurate 

approach to assessing renewable energy potential, moving beyond simple estimations to incorporate 

sophisticated optimization models that consider factors like energy demand, supply, and system 

flexibility.  

This study's main objective is to cut carbon emissions and promote sustainable growth in the area 

utilizing cost-optimized methods. This study fits with Germany's shift in energy use [8], which seeks to 

eliminate emissions from the energy field while assuring renewable energy systems are cost-effective 

and feasible [9]. By improving the use of the STEMP-tool and adding modern technologies, this study 

helps meet national goals [10]. It offers direct answers and a model that can grow for bringing renewable 

energy to rural parts all over Germany. 

Furthermore, this paper introduces a newly digitalized model designed to improve data organization 

and management, facilitating the transition from district-level to city-wide assessments in a swift 

operation. By refining data processing techniques and incorporating large datasets, the enhanced 

model surpasses the original STEMP-tool, offering more accurate insights into renewable energy 

potential across broader geographical scales. 

Project Overview 

The primary objective of this project is to further enhance the capabilities of the existing STEMP-tool by 

incorporating recent technologies and optimization strategies. This development aims to not only 

improve the accuracy and flexibility of energy assessments but also provide more comprehensive 

solutions for renewable energy integration in the Penetal/Loitz region and all urban areas surrounding 

it. By introducing a range of innovative technologies and optimization techniques, the tool can adapt to 

a broader set of scenarios, giving room to display detailed calculations and offer more robust insights 

into potential energy systems. 

To accomplish this, the tool's capabilities were expanded with an emphasis on increasing optimization 

options. By integrating technologies [11] such as biomass energy production, floating photovoltaic (PV) 

installations for swamps and moorlands, and leveraging advanced linear optimization techniques 

primarily using the oemof framework, the tool’s potential for analysing and optimizing renewable energy 

systems were significantly improved [12]. These enhancements allow for more precise and scalable 

energy assessments, helping to align the tool with the evolving needs of energy planning and 

sustainability goals. 



 

 

 

Figure 1 Protected areas in the region [13]. 

A significant development in this project is the integration of constraints for protected areas [14], which 

limits the expansion of renewable energy installations, particularly floating PV systems on peatland and 

wind farms in bird-protected areas. These protected areas are crucial for biodiversity and conservation 

efforts, and they restrict the potential for large-scale renewable energy deployment in these zones [15]. 

As a result, the tool now accounts for these limitations by reducing the available potential for renewable 

energy projects. This constraint narrows the feasible options for renewable energy expansion in certain 

regions, leaving small potential for improvement. By considering these environmental and regulatory 

factors, the tool utilizing QGIS [13] becomes more aligned with real-world conditions assessed through 

open street maps [16], ensuring that the proposed solutions are both technically feasible and legally 

permissible. 

In addition to the technological upgrades and environmental constraints, this project includes the 

development of several key scenarios to explore different future energy pathways for the region. These 

scenarios are designed to represent a variety of outcomes based on different energy strategies and 

assumptions about future conditions. The First scenario is named Business-as-Usual which serves as 

a baseline, showing What may result if the current energy policies and practices were maintained 

without any significant changes. This scenario assumes no new renewable energy integration, and no 

shifts in technology or policy. It provides a reference point for evaluating the effects of more proactive 

energy strategies.  

The second scenario is the Self-Sufficiency scenario which explores sustainability in the region 

becoming more self-reliant for its energy needs, relying primarily on local renewable resources. The 

aim of this scenario is to produce enough energy and utilize energy storage to meet the current demand 

for the city without abiding with the European regulations or goals [17]. The objective of this scenario is 

to achieve energy independence while ensuring sustainability and resilience. This scenario illustrates 

the potential for urban energy systems, offering insights into the feasibility and benefits of decentralized 

energy production in rural areas. 

Moreover, the Cost Optimization scenario was introduced seeking to minimize the overall cost of energy 

production while still meeting sustainability targets [18], examining how different energy technologies 

and configurations can be combined to create the most cost-effective renewable energy system for the 

region according to levelized cost of energy or feasible investment costs. The scenario is valuable for 

identifying cost-effective strategies that reduce reliance on expensive energy imports and promote more 

affordable, locally sourced energy solutions. 

 Finally, in line with the EU's ambitious climate goals [19], the No-Emissions scenario investigates 

achieving net-zero carbon emissions. This scenario explores the technical and economic viability of 

transitioning to an entirely emissions-free energy system in the region, utilizing the added renewable 

energy sources and eliminating energy imports to the city. By aligning with the EU’s climate targets, this 



 

 

scenario provides valuable insights into how rural regions can contribute to national and international 

climate action, while also ensuring economic growth and energy security. 

The process of defining these scenarios involved thorough consideration of local energy demands, 

available resources, and the region's specific goals for carbon reduction and sustainability and reflecting 

the newly calculated maximum potential for renewable energy. Each scenario was developed in the 

enhanced STEMP-tool, which allows for detailed simulations, scenario comparisons, and optimization 

of energy systems. By incorporating these scenarios, the tool can provide actionable insights that can 

influence future energy policy and development. 

Methodology 

This study focuses on further developing and refining the STEMP-tool by incorporating advanced 

optimization techniques, expanding its technological scope, and introducing a new user interface to 

make the tool more accessible, efficient, and applicable to real-world energy challenges. The 

methodology adopted in this study emphasizes the integration of these enhancements while utilizing 

modern tools to facilitate energy modelling, optimization, and scenario analysis [20]. 

Previously, the tool relied on pure Python [21] for its features and models. However, to improve 

development, productivity, and adaptability, Jupiter Notebook [22] was introduced as the primary 

platform for running and validating the model's code and results. Jupiter Notebook allows for more 

efficient coding, making the process more reliable and transparent. It enables actions to be written 

down, results to be visualized, and changes to be made as progress is made. Additionally, it facilitates 

collaboration among team members, allowing them to work together, analyse and fix issues more 

efficiently, and present results with text, code, and visuals all in one place. This shift to Jupiter Notebook 

also streamlines the workflow, making it more organized and continuous, while improving the 

documentation process by explaining the ideas and methods behind each version of the model. 

To improve the optimization capabilities of the tool, linear optimization techniques were integrated into 

the model [23], which allows for more accurate and efficient energy system simulations. Utilizing Pyomo 

[24, 25] linear optimization plays a key role in determining the most effective and sustainable energy 

solutions by minimizing or maximizing specific objectives, such as energy costs, emissions, and system 

reliability, while adhering to a set of constraints, such as energy demand [26], resource availability [27], 

and technological limitations [28]. 

Several solvers are employed for the optimization tasks, including CBC (Coin-or branch and cut) [29], 

a widely used solver for mixed-integer linear programming (MILP) problems. CBC is known for its 

efficiency and speed in solving large-scale optimization problems, making it an ideal choice for energy 

systems that require the consideration of multiple variables and constraints. Additional solvers are also 

used to compare results and ensure robustness in the optimization process, helping to identify the best 

configurations of renewable energy technologies and system parameters, based on the objectives and 

constraints defined for each scenario. 

In addition to optimization enhancements, the model now incorporates protected areas that limit the 

expansion of renewable energy technologies. the use of floating photovoltaic (PV) on peatland and wind 

energy in bird-protected areas are now restricted. These constraints significantly reduce the available 

land for energy generation, leaving limited potential for improvement.  

 



 

 

 

Figure 2 Map of the new incorporated technologies potential locations [13] 

The tool’s capability to model and optimize energy systems has been significantly expanded to include 

new renewable energy technologies. Among these are Biomass energy production [30] which was 

integrated as a sustainable and versatile source of power. The tool now models the potential of biomass, 

considering its availability, conversion technologies, and integration with other renewable resources. 

Additionally, Floating PV [31] installations are now incorporated into the model as well, particularly for 

use in swamps and moorlands where land-based solar panels may not be feasible. The tool evaluates 

the technical and economic potential of floating PV systems in water bodies, considering the constraints 

and benefits of this innovative technology. Finally, Agri-PV, which integrates solar energy generation 

with agricultural activities, is another technology now modelled in the tool. This system allows the dual 

use of land for both solar power generation and farming, offering a sustainable solution to land-use 

conflicts and increasing overall land productivity. The tool simulates the optimal configuration of Agri-

PV systems based on factors like crop types, solar panel efficiency, and land availability. 

These recent technologies complement the existing renewable energy sources like solar and wind, 

expanding the tool's ability to provide more comprehensive assessments of energy systems and their 

potential for integration into both rural and urban landscapes [32]. 

The energy data used in this study was extrapolated from the MV region (Mecklenburg-Vorpommern) 

and then interpolated to match the size and characteristics of the Penetal/Loitz region. Initially, detailed 

energy consumption, demand, and renewable energy generation data were available for the broader 

MV region [33]. This data was then extrapolated to represent the specific energy needs and potential 

of the Penetal/Loitz region, considering factors such as population density, industrial activity, and local 

climate conditions. 

Once the data was extrapolated, interpolation techniques were applied to adjust and scale the data 

according to the geographical and socio-economic characteristics of Penetal/Loitz. This process 

ensured that the model accurately reflects the energy dynamics of the target region, even in the 

absence of direct data specific to Penetal/Loitz. By interpolating this data, we were able to create a 

more tailored model that better represents the energy system of the region and provides reliable insights 

for planning and decision-making. 

Alongside the improvements made in optimization and modelling, a new user interface is currently under 

development by RLI to make the STEMP-tool more user-friendly and accessible to a broader audience. 



 

 

The interface is designed with an emphasis on simplicity, ease of use, and intuitive navigation, allowing 

users—from energy planners to everyday citizens—to interact with the tool without requiring deep 

technical knowledge of programming or optimization algorithms. 

 

Figure 3 Concept for the User interface platform. 

The interface is intended to present the results of complex calculations and optimizations in a clear and 

easily understandable format, using visual aids such as charts, graphs, and maps to effectively convey 

insights. Additionally, users will be able to adjust input parameters with ease, explore different scenarios, 

and evaluate the potential outcomes of their decisions within a dynamic, user-centric environment. By 

making the tool more accessible, the aim is to empower local governments, energy professionals, and 

stakeholders to model and optimize energy systems for both cities and rural areas, while capturing the 

social impact of such projects. This includes accounting for public agreement or opposition to specific 

energy practices and policies. 

Urban energy systems are increasingly recognized as essential components of a sustainable future, as 

they enable efficient integration of renewable energy, grid management, and carbon reduction efforts 

[34]. The development of a user-friendly interface will be a critical step in making urban energy modelling 

and optimization more widely adopted and understood, contributing to the transition toward low-carbon 

urban environments. 

As mentioned in the project’s overview the tool also includes the capability to run scenario analysis and 

simulate various energy configurations. By leveraging advanced optimization algorithms, users can 

explore multiple potential futures, including those focused on renewable energy integration, cost 

optimization, and emission reduction. Through the ability to explore different scenarios, the tool helps 

urban planners assess the feasibility of renewable energy integration in cities, evaluate the economic 

viability of various energy solutions, and explore strategies to reduce greenhouse gas emissions [35]. 

The adaptability of the tool to both rural and urban energy systems make it a versatile model for future 

energy planning and policy development, bridging the gap between theoretical models and practical 

implementation. 



 

 

The methodology employed in this research reflects a commitment to improving both the technical and 

user-facing aspects of the STEMP-tool. By transitioning to Jupiter Notebook, incorporating linear 

optimization with powerful solvers like CBC, integrating environmental constraints such as protected 

areas, adding new renewable energy technologies like biomass, floating PV, and agrivoltaics, and 

developing a more accessible user interface, the tool is being made not only more impactful but also 

more applicable to real-world energy challenges. The enhanced STEMP-tool enables users to explore 

renewable energy integration and optimization across various scenarios, offering valuable insights into 

the sustainable development of urban energy systems. 

Results & Discussion 

The enhancements made to the STEMP-tool have led to substantial improvements in both its technical 

performance and its usability for various users. This section presents the findings from the application 

of the updated tool, examining the impacts of these improvements across different energy scenarios. 

Each scenario's results are explored in detail, showing how the tool's advanced optimization 

capabilities, recent technologies, and user interface updates contribute to better energy system 

simulations. 

 

Figure 4 Snaps from the newly developed code [6]. 

Illustrated in Figure 4, Following the integration of linear optimization techniques and new renewable 

energy technologies, the tool’s ability to manage large-scale, complex energy systems was significantly 

enhanced. The core optimizations, powered by solvers like CBC (Coin-or branch and cut), enabled the 

tool to evaluate energy configurations more efficiently. These modifications were carefully validated 

through the execution of several energy system simulations, focusing on the tool's ability to provide 

realistic and actionable insights. 

The initial testing phase incorporated both conventional and novel renewable energy sources such as 

biomass, floating PV, and agrivoltaics. The optimization results from this phase demonstrated improved 

capacity for accurately modelling energy generation and cost optimization, highlighting the benefits of 

these recent technologies. The inclusion of biomass and floating PV systems, along with solar and wind, 

created more sustainable and diversified energy configurations. 

To assess the impact of the tool’s modifications, four distinct scenarios were modelled. Business as 

Usual (BAU), Self-Sufficiency, Cost Optimization, and Emission-Free. The following sections detail the 

results obtained from each of these scenarios, highlighting the contribution of each renewable energy 

source and evaluating the overall feasibility of the energy systems modelled. 

The Business as Usual (BAU) scenario serves as the baseline for comparison. It simulates the 

continuation of current energy trends without intervention or investment in new technologies. The 



 

 

energy mix under this scenario remains primarily reliant on traditional solar and wind energy sources. 

The results, shown in Figure 5, indicate that the lack in meeting demand locally and relying on imported 

electricity, due to land-use and regulatory constraints. 

 

 

Figure 5 Business as Usual scenario results [6]. 

Figure 5 displays the energy generation contributions across different technologies, illustrating that 

while wind and solar provide most energy, import fills in the deficit with biomass and floating PV with no 

contributions. The cost and emissions associated with this scenario were also higher compared to the 

other scenarios, as the energy mix relies heavily on the current infrastructure and limited technological 

innovation. 

In the Self-Sufficiency scenario, the goal is to achieve energy independence for the Penetal/Loitz region 

through local renewable energy generation. This scenario was designed to optimize the use of available 

renewable resources including solar, wind, biomass, and floating PV systems while minimizing reliance 

on external energy imports. The results, presented in Figure 6, demonstrate that the region could meet 

its energy needs with locally sourced renewable energy. 

 

Figure 6 Self Sufficiency scenario results [6]. 

Figure 7 shows the optimized energy generation for this scenario, where floating PV and biomass play 

a significant role in supplementing solar and wind energy. This setup ensures that the energy demand 

is consistently met, even during periods of low solar or wind generation. Economic analysis reveals that 

although initial infrastructure investments are higher, the long-term savings from reduced dependency 

on external energy sources would make this configuration highly cost-effective. 



 

 

The Cost Optimization scenario aimed at achieving the most cost-effective energy solution while 

ensuring the system met sustainability goals. The optimization algorithm was applied to identify the 

optimal mix of renewable energy sources, considering initial investment, operational costs, and system 

maintenance. 

 

Figure 7 Cost Optimization scenario results [6]. 

Results from this scenario, illustrated in Figure 8, show that the addition of floating PV and Agri PV 

provides a cost-effective solution when compared to relying solely on solar and wind energy. The tool 

optimized the energy mix to reduce overall costs by maximizing the use of resources like Agri PV, which 

offer higher energy yields in specific conditions. This scenario highlights the cost-benefit ratio, 

demonstrating that, while initial costs for technologies like floating PV and Agri-PV are higher, the long-

term operational and maintenance savings significantly outweigh the initial investment. 

 

Figure 8 Emission Free scenario results [6]. 

The Emission-Free scenario was modelled to achieve net-zero emissions by integrating renewable 

energy sources while eliminating carbon emissions associated with energy production. The results, 

presented in Figure 8, demonstrate how an energy mix consisting solely of solar, wind, biomass, and 

floating PV can meet the region’s energy needs without producing any greenhouse gas emissions. The 

incorporation of carbon capture technologies further enhances the emissions reduction potential. 



 

 

 

Figure 9 Different results for Scenarios [6]. 

Figure 9 shows a comparison between the emissions reductions and cost ratio associated with the 

different scenarios, confirming that the optimized energy mix can effectively meet the region's energy 

demand while achieving the EU’s climate targets. The inclusion of floating PV, Agri PV and biomass, 

along with wind and solar, offers a balanced solution that satisfies both energy demand and emissions 

reduction goals. 

The performance of the updated tool was assessed by comparing its results with extrapolated energy 

data from the Mecklenburg-Vorpommern (MV) region, which was then interpolated to match the specific 

characteristics of the Penetal/Loitz region. This process ensured that the data used for modelling was 

accurate and tailored to the region's unique energy dynamics. 

The modified STEMP-tool has proven to be highly effective in simulating and optimizing energy systems 

for the Penetal/Loitz region. The results from the various scenarios highlight the tool’s ability to integrate 

modern technologies and optimize energy configurations to meet different sustainability and cost 

objectives. The addition of biomass, floating PV, and agrivoltaics has significantly enhanced the tool’s 

capacity to model diverse renewable energy systems, addressing land-use and environmental concerns 

while providing reliable, cost-effective solutions. 

In particular, the Self-Sufficiency and Emission-Free scenarios demonstrate the potential of the tool to 

contribute to energy independence and climate action goals. The optimized configurations show that 

achieving energy independence through locally sourced renewable energy is feasible, and the tool 

offers an actionable framework for achieving net-zero emissions. 

Furthermore, the Cost Optimization scenario features the importance of economic factors in energy 

planning. The ability to minimize costs while maintaining sustainability is essential for achieving long-

term energy goals. 

  



 

 

Conclusion 

Development of the STEM-Tool was necessary, not only to improve the model’s capacity to model and 

optimize the current energy systems but also to introduce new technologies and optimization scenarios 

to have different goals tailored to the interests of the different social groups in urban communities, 

furthermore the development of a friendly user interface will be a development in open-source tools 

evolving the tool in an efficient way and enabling it to do real change in the urban community and energy 

planning sector on a regional level. 

The integration of linear optimization techniques, combined with CBC solver, has made it possible to 

evaluate energy configurations with greater accuracy and efficiency. In addition to including new 

technologies that are suitable to the urban city scale with the existence of agricultural land and peatland, 

it is eminent to consider newer technologies that these locations serve as a source for such as Floating 

PV, Agri PV, and Biomass offering a broader range for optimization and a broader vision tom the urban 

sector. 

Various scenarios, including Business as Usual (BAU), Self-Sufficiency, Cost Optimization, and 

Emission-Free, were modelled to assess the impact of these enhancements. The BAU scenario 

highlighted the limitations of the current energy mix, which primarily relied on solar and wind. By 

contrast, the Self-Sufficiency scenario showed that, with the right configuration, the region could 

potentially meet its energy needs entirely through locally generated renewable energy. The Cost 

Optimization scenario demonstrated that while certain technologies like biomass and floating PV require 

higher initial investments, they offer long-term savings and contribute to system cost reduction. The 

Emission-Free scenario confirmed that integrating a mix of renewable energy sources, including carbon 

capture technologies, could meet EU climate goals and achieve net-zero emissions. 

To ensure the reliability of the tool, the results were compared with extrapolated data from the 

Mecklenburg-Vorpommern (MV) region, adjusted for the specific characteristics of the Penetal/Loitz 

region. The model’s outputs aligned closely with the expected trends, verifying the accuracy and 

applicability of the tool for regional energy planning. 

The results published in this study highlights the important effect of fostering renewable energy with 

various technologies in the energy planning decisions especially in urban areas while addressing 

energy security and climate change. Granting the ability to simulate and optimize energy systems with 

a mix of renewable technologies to local urban stakeholders was always an objective for this project 

and now the tool can provide important insights into the potential for integrating these systems into 

regional energy grids. As renewable energy technologies and climate change acts and regulations 

continue to evolve this tool will always have room for improvement and the inclusion of further 

technologies and limitations to be always up to date and offer the potential to play a key role in guiding 

energy transition strategies and supporting sustainable energy policy development. 

The Tools development is an ongoing process and future improvements will be focusing on the 

optimization algorithm and the development of the user friendly interface to allow the multiple parties in 

the urban society to interact with the tool and be a part of the discission making procedure without the 

need to be an expert in the energy field but just basic knowledge and visualization of results coupled 

with real-time data and dynamic simulations is more than enough to participate in the decision making. 

In conclusion, the STEMP-tool has proven to be an invaluable resource for the modelling and 

optimization of renewable energy systems. The improvements made in this study lay the groundwork 

for future research and development in energy system optimization, offering crucial insights that can 

contribute to the transition towards a sustainable, low-carbon energy future. 



 

 

References 

[1] Agora-Energiewende, The Energy Transition in Germany: State of Affairs 2023. Review of the 

key developments and outlook for 2024: Agora-Energiewende. [Online]. Available: https://

www.agora-energiewende.de/publikationen/die-energiewende-in-deutschland-stand-der-dinge-

2023#downloads 

[2] C. Flachsland and S. Levi, "Germany’s Federal Climate Change Act," Environmental Politics, vol. 

30, sup1, pp. 118–140, 2021, doi: 10.1080/09644016.2021.1980288. 

[3] R. Karduri and A. Gudhenia, Energy Harvesting from Urban Infrastructure: Opportunities and 

Challenges, 2018. 

[4] M. Amin, J. Gulden, and R. Sommer, "ReEnAct: Development of an Optimization Tool for the 

Energy Model in the Region of Peental/Loitz," in 2024 IEEE Open Conference of Electrical, 

Electronic and Information Sciences (eStream), Vilnius, Lithuania, 2024, pp. 1–4. 

[5] R. Hägele, G. I. Iacobuţă, and J. Tops, "Addressing climate goals and the SDGs through a just 

energy transition? Empirical evidence from Germany and South Africa," Journal of Integrative 

Environmental Sciences, vol. 19, no. 1, pp. 85–120, 2022, doi: 

10.1080/1943815X.2022.2108459. 

[6] reiner-lemoine-institut, ReEnAct_v0.1. GitHub repository: GitHub. [Online]. Available: https://

github.com/rl-institut/ReEnAct_v0.1 

[7] U. Krien, A. Smith, B. Johnson, C. Lee, D. Brown, E. Garcia, et al., oemof.tabular. Zenodo. 

[8] J. Horne, M. Recker, I. Michelfelder, J. Jay, and J. Kratzer, "Exploring entrepreneurship related to 

the sustainable development goals - mapping new venture activities with semi-automated 

content analysis," Journal of Cleaner Production, vol. 242, p. 118052, 2020, doi: 

10.1016/j.jclepro.2019.118052. 

[9] W. Fischer, J.-Fr. Hake, W. Kuckshinrichs, T. Schröder, and S. Venghaus, "German energy policy 

and the way to sustainability: Five controversial issues in the debate on the “Energiewende”," 

Energy, vol. 115, pp. 1580–1591, 2016, doi: 10.1016/j.energy.2016.05.069. 

[10] C.-H. Chou, S. L. Ngo, and P. P. Tran, "Renewable Energy Integration for Sustainable Economic 

Growth: Insights and Challenges via Bibliometric Analysis," Sustainability, vol. 15, no. 20, p. 

15030, 2023, doi: 10.3390/su152015030. 

[11] Caroline Hachem-Vermette and Kuljeet Singh, "Developing an optimization methodology for 

urban energy resources mix," Applied Energy, vol. 269, p. 115066, 2020, doi: 

10.1016/j.apenergy.2020.115066. 

[12] Jacques Després, Nouredine Hadjsaid, Patrick Criqui, and Isabelle Noirot, "Modelling the 

impacts of variable renewable sources on the power sector: Reconsidering the typology of 

energy modelling tools," Energy, vol. 80, pp. 486–495, 2015, doi: 10.1016/j.energy.2014.12.005. 

[13] QGIS geographic information system. Open source geospatial foundation project: QGIS.org, 

2024. [Online]. Available: http://qgis.org./ 

[14] P. Meyer et al., Managing old, near-natural deciduous forests in Germany in the context of 

biodiversity conservation, climate mitigation and adaptation to climate change, 2023. 

[15] P. Lehmann and P. Tafarte, "Exclusion zones for renewable energy deployment: One man’s 

blessing, another man’s curse," Resource and Energy Economics, vol. 76, p. 101419, 2024, doi: 

10.1016/j.reseneeco.2023.101419. 

[16] OpenStreetMap contributors, Planet dump retrieved from https://planet.osm.org. 

[17] M. Tutak, J. Brodny, and P. Bindzár, "Assessing the Level of Energy and Climate Sustainability in 

the European Union Countries in the Context of the European Green Deal Strategy and Agenda 

2030," Energies, vol. 14, no. 6, p. 1767, 2021, doi: 10.3390/en14061767. 

[18] S. Olbrich and D. Bauknecht, "The system building perspective for building sustainable system 

configurations using the German energy transition as an example," Oxford Open Energy, vol. 3, 

2024, doi: 10.1093/ooenergy/oiae010. 

[19] A. Vargek Stilinović, "THE EU CLIMATE OBJECTIVES AND THE LEGAL MANDATE OF THE 

EUROPEAN CENTRAL BANK," in Digitalization and Green Transformation of the EU, 2023. 



 

 

[20] Christian Klemm and Peter Vennemann, "Modeling and optimization of multi-energy systems in 

mixed-use districts: A review of existing methods and approaches," Renewable and Sustainable 

Energy Reviews, vol. 135, p. 110206, 2021, doi: 10.1016/j.rser.2020.110206. 

[21] Van Rossum, G., & Drake Jr, F. L., Python 3 reference manual.: CA: CreateSpace. 

[22] F. Loizides et al., Eds., Jupyter Notebooks ‐ a publishing format for reproducible computational 

workflows, 2016. 

[23] M. Gómez Sánchez, Y. M. Macia, A. Fernández Gil, C. Castro, S. M. Nuñez González, and J. 

Pedrera Yanes, "A Mathematical Model for the Optimization of Renewable Energy Systems," 

Mathematics, vol. 9, no. 1, p. 39, 2021, doi: 10.3390/math9010039. 

[24] M. L. Bynum et al., Pyomo — Optimization Modeling in Python. Cham: Springer International 

Publishing, 2021. 

[25] Hart, William E., Jean-Paul Watson, and David L. Woodruff, Pyomo: modeling and solving 

mathematical programs in Python.: Mathematical Programming Computation 3. 

[26] European Network of Transmission System Operators for Electricity, "Power statistics-: Monthly 

hourly load values.," 2023. [Online]. Available: https://www.entsoe.eu/data/power-stats/ 

[27] Federal Network Agency, Current Unit Overview: Aktuelle Einheitenübersicht. Accessed: 2024. 

[Online]. Available: https://www.marktstammdatenregister.de/MaStR/Einheit/Einheiten/

OeffentlicheEinheitenuebersicht 

[28] German Environment Agency, "Setting an ambitious EU climate target for the year 2040," 

[29] John Forrest et al., coin-or/Cbc: Release releases/2.10.12: Zenodo, 2024. 

[30] A. Schüch, J. Sprafke, and M. Nelles, "Bioenergieanlagen in Mecklenburg Vorpommern," in 

2019. 

[31] Stefan Pfenninger and Iain Staffell, Long-term patterns of European PV output using 30 years of 

validated hourly reanalysis and satellite data. Energy. 

[32] J. Guo, C. Bissuel, and F. Courtot, "Integrated Urban Energy Planning: A Case-Study Using 

Optimization," in Frontiers in Artificial Intelligence and Applications, Modern Management based 

on Big Data II and Machine Learning and Intelligent Systems III, A. J. Tallón-Ballesteros, Ed.: 

IOS Press, 2021. 

[33] Ministerium für Wirtschaft, Bau und Tourismus, Regionale Innovationsstrategie 2020: 

Strategierat Wirtschaft - Wissenschaf. 

[34] A. Grubler et al., "Urban Energy Systems," in Global Energy Assessment (GEA), T. B. 

Johansson, N. Nakicenovic, A. Patwardhan, and L. Gomez-Echeverri, Eds., Cambridge: 

Cambridge University Press, 2012, pp. 1307–1400. 

[35] Rasmus Magni Johannsen et al., "Developing energy system scenarios for municipalities - 

Introducing MUSEPLAN," Smart Energy, vol. 14, p. 100141, 2024, doi: 

10.1016/j.segy.2024.100141. 

 


