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Abstract

The urgency to transit urban energy systems to renewable source is a pivotal response to the

growing need for environmental and energy security. Globally, the trend towards renewables

is more pronounced in the cities within high GDP per capita nations, signifying a clear

interrelation between economic wealth and the pursuit of sustainable energy objectives.

Urban areas are uniquely positioned to adopt a multitude of renewable technologies such as

solar, bio-energy, and waste-to-energy conversion. However, the feasibility of wind energy in

the densely populated regions is often constrained by land scarcity, necessitating creative

integrations within urban infrastructures.

Fossil fuels, while historically central to economic growth, now present enduring

environmental and economic challenges, evidenced by their contribution to air pollution and

climate change. The United Nations' Sustainable Development Goals provide a blueprint for

increasing renewable energy use and efficiency by 2030, advocating for equitable and

universal energy access. Recent energy crises, exacerbated by geopolitical tensions, have

highlighted the vulnerability of the current energy system, prompting immediate mitigatory

actions and strategic shifts towards more resilient and sustainable energy models.

Urban centers, responsible for a major share of global energy consumption and carbon

emissions, are at the forefront of this shift. Their expansion and the projected increase in

urban populations, particularly in developing countries, underscore the necessity for a robust

transition to renewable energy to ensure future energy security and address the intertwined

issues of climate change and urbanization. The global move-away from fossil fuels towards

renewables like solar and wind is critical for achieving net zero carbon emissions and

cultivating a sustainable energy landscape for future generations.

This research endeavors to identify the most suitable renewable energy sources for

urban-scale deployment in Hungary. It aims to propose potential solutions and feasible

designs for harnessing renewable energy within this context while assessing the economic

viability of these designs. Furthermore, the study seeks to analyze the energy trends over the

next twenty years, with a particular emphasis on the contributions from renewable energy

sources. The final objective of this research is to examine the current energy policies to

determine if the projected targets for renewable energy adoption are attainable with the

existing infrastructure for renewable energy extraction in Hungary.
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Chapter 1: Introduction

1.1 Background and Context

The contemporary energy landscape can be categorized into three main groups: fossil fuels,

renewable energy sources, and nuclear sources [1]. In response to mounting imperatives for

environmental stewardship and energy security, there is a discernible urgency to transition

toward alternative energy sources, particularly renewables, within urban agglomerations. This

strategic pivot is underscored by the capacity of renewable resources to effectively curtail the

prodigious emissions of carbon dioxide. While a substantial number of cities worldwide have

embraced renewable energy aspirations, the preponderance of these efforts is concentrated

within the United States of America and the Europe. Concurrently, Asia and Africa grapple

with the intersecting challenges of burgeoning urban pollution and escalating energy

requirements. A recent report disseminated by the International Renewable Energy Agency

(IRENA) reveals that an overwhelming majority of the 671 surveyed cities possessing

renewable energy ambitions are ensconced within high GDP per capita nations. Precisely, this

cohort constitutes 82% of the cities in question. This correlation between renewable energy

aspirations and economic prosperity offers salient insights into the entwined dynamics of

economic indicators and sustainable energy paradigms.

In the pursuit of expeditious clean energy realization and the concomitant decarbonization of

the energy sector, urban landscapes bear the capacity to accommodate an array of renewable

and unconventional energy sources. These encompass, among others, solar energy,

bio-energy, hydro-power, and waste-to-energy technologies while wind energy garners

acclaim as a promising economical and ecologically friendly energy source, its widescale

deployment encounters impediments correlated with land availability. Notably, the exigencies

of land scarcity within urban and suburban environments render the establishment of

expansive wind energy installations impracticable. An innovative avenue for exploration

entails the amalgamation of wind energy systems into the architectural fabric of urban

settings.

The contemporary metamorphosis in the global energy milieu is precipitated by a confluence

of challenges stemming from fossil fuel dependence. Although fossil fuels have historically

propelled industrialization and economic advancement, their protracted utilization has
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engendered intractable challenges, including pernicious air pollution and the release of

greenhouse gases. The ensuing deleterious impact on climate systems is a clarion call for

comprehensive decarbonization measures. The Sustainable Development Goals (SDGs)

instituted by the United Nations delineate a structured framework to achieve a significant

upsurge in the adoption of renewable energy resources and heightened energy efficiency by

the culmination of 2030. This initiative encompasses an encompassing spectrum of

objectives, encompassing not only the amplification of renewable energy adoption and

energy efficiency enhancement but also the promotion of just and inclusive energy

accessibility. The focal points of discourse within this context pertain to the domains of

energy efficiency optimization and the equitable facilitation of energy access.1

The recent upheavals in the global energy spectrum, instigated by a confluence of factors

including geopolitical events such as Russia's foray into Ukraine, have unmasked the fragility

and lack of long-term viability inherent in prevailing energy infrastructures. The resulting

crisis has precipitated substantial perturbations in key energy markets spanning natural gas,

coal, electricity, and oil. This turmoil accentuates the susceptibility of energy markets to

external disruptions. Governments on a global scale are orchestrating immediate palliative

measures to ameliorate the immediate repercussions and simultaneously architecting strategic

frameworks that expedite the transition toward energy architectures characterized by

heightened resilience and ecological cognizance. These endeavors encompass policies

calibrated to amplify the prominence of renewable energy sources, diversify oil and gas

supply chains, and engender augmented energy efficiency. 2 The shift to renewable energy

could destabilize geopolitical processes predicated on fossil fuel distribution. Many countries

can gain energy independence by switching from resource scarcity to abundance through

renewable energy. This transformation disrupts fossil fuel extraction and distribution power

dynamics. 3

3 How the Global Energy Transition is Set to Disrupt the Geopolitical Landscape. (2019, April 5). Chatham
House. https://www.chathamhouse.org/2019/04/how-global-energy-transition-set-disrupt-geopolitical-landscape
accessed 14 October 2023.

2 World Energy Outlook 2022 shows the global energy crisis can be a historic turning point towards a cleaner
and more secure future. IEA.
https://www.iea.org/news/world-energy-outlook-2022-shows-the-global-energy-crisis-can-be-a-historic-turning-
point-towards-a-cleaner-and-more-secure-future accessed 12 October 2023.

1 The politics of a changing global energy landscape. (2022, March 21). LSE International Development.

https://blogs.lse.ac.uk/internationaldevelopment/2022/03/21/the-politics-of-a-changing-global-energy-landscape

accessed 12 October 2023.
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China, in its capacity as the preeminent global energy consumer and greenhouse gas emitter,

has embarked on a transformative trajectory to ameliorate energy consumption patterns and

redress environmental ramifications. By pioneering investments in renewable energy, China

has ascended to a vanguard position in the realm of wind and solar energy production while

concurrently embracing widescale adoption of electric vehicles. Similar progress can be

observed in other countries, such as the United States, Germany, Japan, the United Kingdom,

India, and Brazil. The concerted drive towards renewable energy technologies, encapsulating

the diminution of fossil fuel dependence, reflects a collective endeavor to expedite the

transition toward energy matrices underpinned by sustainability and resilience.

In consonance with prognostications presented by the International Energy Agency (IEA),

divestiture from fossil fuels emerges as a linchpin in the realization of overarching global

climate objectives. This observation is discerned within the contours of the IEA's World

Energy Outlook, wherein stringent climate-focused scenarios portend a plateau or decline in

fossil fuel demand. Specifically, coal, natural gas, and oil are anticipated to undergo

attenuation in consumption over ensuing decades. In tandem, the ascendancy of renewable

energy sources, fortified by concurrent strides in energy efficiency, ensconces them at the

vanguard of these trajectories, thereby fostering a more sustainable and secure energy

tapestry.

The utilization of renewable energy sources holds remarkable significance in our

progressively urbanized global society, as it is crucial to properly address the escalating

energy demands and the accompanying environmental issues. The imperative to transition is

heightened by the interconnected global energy crises and climate change. The issue of

climate change is intricately linked to the global energy dilemma. Considering the significant

environmental impact associated with coal, which is recognized as the most environmentally

detrimental fossil fuel, and the escalating expenses related to natural gas, there exists an

urgent imperative to explore and adopt greener energy alternatives [2].

The adverse effects of extensive fossil fuel consumption on climate change have been

recognized by international organizations such as the United Nations (UN) and many

governments. There exists a widely accepted agreement regarding the imperative of attaining

substantial targets for the reduction of carbon emissions. The shift from conventional, i.e.,

fossil fuels, to sustainable energy sources like solar and wind holds significance in attaining

the net zero carbon emission goal [3]. Urban regions have a substantial impact on the global
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consumption of energy resources Urban areas accounted for 64% of global primary energy

use and 70% of carbon dioxide emissions in 2013. Based on the predicted expansion of urban

populations and economic activity, it is expected that these statistics will persistently rise. 4

Over the course of the previous two decades, there has been a notable rise in the geographical

scope of metropolitan areas. Currently, the population in urban areas is 3.5 billion in

metropolitan areas, this phenomenon is notably seen in developing nations that are

undergoing rapid transitions from rural to urban-based economies. The expected population

growth of over 9 billion by 2050 will expand urbanization, especially in developing

countries. Consequently, this will lead to a greater need for reliable energy resources. 5

The importance of transitioning to renewable energy sources becomes increasingly crucial in

urban contexts. Renewable energy is an intriguing technique to reduce carbon emissions,

energy consumption, and urban sustainability. The paradigm under discussion includes solar,

wind, hydro, and other similar renewable energy sources. It offers a noticeably cleaner and

more sustainable alternative to traditional fossil fuel reliance. This alternative leads to a

simultaneous decrease in carbon emissions and promotes a more environmentally conscious

energy mix [4]. The compendium of multifarious challenges wrought by fossil fuel

dependency, spanning ecological degradation, climatic perturbation, and geopolitical

vicissitudes, has galvanized a collective global pivot toward cleaner, more sustainable, and

secure energy modalities. Governments, industries, and societies writ large are progressively

reckoning with the imperatives of diminishing dependence on fossil fuels and embracing

renewable energy technologies as precursors to the engenderment of a sustainable energy

future for posterity.

1.2 Research Problem and Significance

Urban centers are increasingly being acknowledged as crucial hubs that have a notable

impact on shaping the future direction towards sustainable energy systems. In order to

address the urgent issue of climate change and successfully achieve the stated goals of the

Sustainable Development Goals (SDGs) set forth by the United Nations, it is crucial to

5 United Nations. (n.d.). Sustainable urban energy is the future | United Nations.
https://www.un.org/en/chronicle/article/sustainable-urban-energy-future accessed 16 October 2023.

4 Cities are at the frontline of the energy transition - News - IEA. (n.d.). IEA.
https://www.iea.org/news/cities-are-at-the-frontline-of-the-energy-transition accessed 16 October 2023.
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implement important reforms in the management of natural resources and energy

consumption. This necessitates significant changes, characterized by a substantial decrease in

the scale of greenhouse gas emissions and a substantial reconfiguration of economic

structures to align with the principles of a circular economy [5]. The present phase of the

research endeavor revolves around the viability of integrating renewable energy sources into

metropolitan environments. Throughout history, there has been a prevalence of centralized

energy models that have been rooted in national planning. These models have exerted

significant influence over infrastructural investments within specific time periods [6].

Nevertheless, this method of modeling has come across notable challenges, such as the

deterioration of the environment, the depletion of fossil fuels, and territorial disparities

resulting from these models [6]. This necessitates a paradigm shift in the energy framework,

placing a strong emphasis on the diversification of energy sources and a strategic shift

towards the adoption of localized renewable energy options.

The importance of transitioning from non-renewable energy sources to sustainable

alternatives has become increasingly significant in the present period. Throughout the past

century, human civilization has heavily depended on hydrocarbon reserves, which include

petroleum, coal, and natural gas. The hydrocarbon industry has played a significant role in

the global energy sector, meeting more than 80% of the world's energy needs. However, it is

important to note that this industry is also responsible for around 89% of the total greenhouse

gas emissions globally [7]. Given the increasing intricacy resulting from climate change and

environmental degradation, which have significant impacts on human welfare, there is a clear

and urgent need for universally applicable sustainable solutions. The urgency of the situation

is heightened by the inherent strategic weaknesses associated with dependence on imported

fossil fuels, which particularly compromises energy security.

The increased sense of urgency aligns seamlessly with the broader patterns of global policy

dynamics. The proactive involvement of the European Union (EU) in advancing the

trajectory towards a low-carbon societal fabric and sustainable energy frameworks is

particularly emblematic. The evident determination of these individuals is clearly

demonstrated via their steadfast dedication to the Paris Agreement on climate change and

their firm adoption of the 17 Sustainable Development Goals (SDGs) [5]. Significantly, in

this particular framework, Sustainable Development Goals (SDGs) 7 and 11 emerge as

particularly important, emphasizing the importance of accessible and sustainable energy and
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highlighting the crucial role of sustainable urban areas and communities. The Enhanced

Advantages Associated with the Implementation of Renewable Energy in an Urban Setting.

Environmental Impact: Renewable energy sources play a significant role in mitigating

environmental degradation, serving as a strong protective barrier. Given the evident tendency

of the formation and utilization of fossil fuels to initiate the emission of greenhouse gases, the

transition towards renewable energy sources becomes highly relevant in addressing the

widespread effects of global warming and the resulting series of consequences related to

climate change [7].

Economic Viability: The economic viability of renewable energy technology has led to

simultaneous reductions in financial costs and environmental impacts associated with energy

production. The projected trends reveal a significant increase in the utilization of renewable

energy, indicating a noticeable rise in its relative share within the global energy landscape. It

is anticipated that the proportion of renewable energy will increase significantly, rising from

14% in 2018 to an estimated 74% by the year 2050 [7] Furthermore, the implementation of

energy conservation efforts in metropolitan areas frequently exhibits noticeable economic

viability, especially when supported by incentivized mechanisms provided by the public

sector [5].

Diversification and Security: The integration of diverse renewable energy sources enhances

the efficiency and balance of the energy grid. The integration of different energy sources in a

cohesive fusion is a process that effectively counteracts the unpredictable nature inherent in

each individual source. This results in a continuous and uninterrupted flow of energy. The

combination of several energy sources, known as hybrid systems, offers several benefits

including increased reliability, reduced energy storage needs, and improved operating

efficiency [7].

Local Implementation: The adoption of renewable energy initiatives, such as the installation

of photovoltaic solar arrays on public buildings, brings tangible benefits to the surrounding

communities. In addition to enhancing energy security, these measures foster a positive cycle

by facilitating the development of sustainable urban evolution. Instances such as the Soria

case in Spain, which examined the practicality of renewable energy in meeting the energy

needs of municipal buildings, serve as a model that urban areas can follow based on their

specific circumstances [8].
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Promotion of Smart Cities: The integration of renewable energy sources into urban

environments plays a crucial role in enhancing the progress of intelligent urbanization. The

trajectory discussed here manifests in the form of 'smart cities', which are defined by their

strategic utilization of technology and data-driven frameworks to promote comprehensive

human well-being. The congruence shown in this narrative aligns seamlessly with the

pedagogies that support policies promoting sustainable urban development. It emphasizes a

thematic focus on energy efficiency and the integration of renewable energy sources[8]

The orchestration necessary for incorporating renewable energy into urban areas extends

beyond a simple technological challenge. It evolves into a crucial requirement, especially

considering the existing environmental and socioeconomic urgencies. The imperative to

adopt this paradigm is unequivocal, as it offers the potential to yield benefits that span both

the realms of environmental sustainability and economic prosperity. This urgent need requires

a steadfast dedication to rigorous academic research and collaborative efforts.

1.3 Research Question

The primary aim of this study is to explore the potential of renewable energy in Hungary,

with a particular emphasis on urban areas. This research delves into past energy production

and consumption trends to understand shifts over the years. Additionally, a critical analysis of

policies regarding renewable energy extraction is undertaken to determine their viability.

Throughout this inquiry, two main questions are addressed:

Question 1: Can Hungary, especially its urban regions, feasibly adopt renewable energy?

And among renewable sources like Solar, Wind, Hydro, Biogas, Biomass, Biofuels, and

Geothermal, which are the most suitable for the Hungarian context?

Question 2: How is the energy landscape projected to change in Hungary over the

forthcoming two decades? And is it feasible for Hungary to meet its renewable energy targets

as stated in its policy documents?
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Chapter 2: Literature Review

2.1 Feasibility of Energy Mixing in Urban Area in Hungary

Every day, there is a growing increase in the use of electricity. Simultaneously, traditional

energy sources such as coal and fossil fuels, including gasoline and diesel, are being

exhausted at an alarming rate. Kandpal et al. addressing the escalating electricity demand

requires the exploration of alternative methods for power generation [14]. Johansson et al

explained green energy sources, such as solar and geothermal energy, are characterized by

their minimal or often overlooked CO2 emissions, making them a pivotal solution in the

quest for environmentally sustainable power generation. Unlike traditional fossil fuels, which

contribute significantly to greenhouse gas emissions and global warming, these clean energy

alternatives produce negligible pollutants. By prioritizing and investing in such eco-friendly

sources, countries can significantly mitigate their carbon footprint and align with global

climate goals, fostering a cleaner, more sustainable future for all [15]. Azofra et al. explained

the significant expansion of solar photovoltaic (PV) power generation in recent years can be

attributed primarily to environmental awareness, the urgent issue of global warming,

decreasing PV module expenses, government support, and a widespread emphasis on

renewable energy [16].

Renewable energy sources like PV systems are widely employed to generate electricity in

response to the increasing need for power. PV systems are further classified into three distinct

configurations: on-grid, off-grid, and hybrid solar energy systems. On-grid solar energy does

not require external storage whereas off-grid solar energy systems come equipped with

energy storage capabilities, enabling them to supply backup power to loads even when

sunlight is unavailable. Alam et al. explained a hybrid solar system is a combination of an

On-grid and Off-grid system [17]. According to data from the International Energy Agency

(IEA), there was a 22% increase in worldwide solar PV production in 2021, totaling 1179

TWh from the previous year. The IEA highlighted that, among all renewable energy forms in

2021, solar power ranked second in terms of growth, with wind energy taking the lead.6

Mellit et al. given the notable expansion in solar power production, solar PV facilities have

become increasingly important in the energy sector [18]. Grid-tied solar power systems have

6 International Energy Agency (IEA). Solar PV. 2022. Available online: https://www.iea.org/reports/solar-pv
accessed 20 October 2023.
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a direct connection to the electrical grid. Romero et al. explained they feed power into the

grid during daylight hours or when sunlight is present, helping to offset the energy needs of

local demands [19].

The output of photovoltaic system generally depends on the geographical location of the solar

photovoltaic panel. According to the European Commission’s Energy Report (2019), Hungary

has made significant progress in its renewable energy sector, especially in solar energy.

Zsiborács et al. (2023) developed a model for the realization of PV power plant projects in

Hungary, emphasizing the country's innovative approach towards photovoltaic integration

[20]. Zsiborács et al. (2019) conducted an economic analysis of grid-connected PV systems

in Hungary, showcasing the evolving dynamics and potential profitability of such ventures

[20]. Atsu et al. (2021) conducted a comprehensive assessment of the solar PV landscape in

Hungary [21]. The research found that as of 2017, Hungary's installed grid-connected solar

PV system capacity underwent considerable expansion, reflecting the nation's growing

commitment to renewable energy and sustainable practices. Delving into the

techno-economic aspects, Antal et al. (2019) [22] highlighted those external factors beyond

just economic considerations that played a role in the slow adoption of wind and solar energy

in Hungary.

The study relied on document analysis and expert interviews to conclude that non-economic

factors, possibly political or regulatory, may have hampered the transition to renewable

energies in the country. Lastly, a broader perspective on renewable energy emphasizes the

urgency and importance of a future energy system that is resilient and adaptable, especially in

the face of climate change impacts such as droughts, heatwaves, and storms. The European

Environment Agency highlighted the criticality of these transitions, particularly for countries

in Europe that are heavily reliant on traditional energy sources, indicating a pressing need for

nations, including Hungary, to adapt to renewable energy paradigms for a sustainable future.7

The effectiveness of a photovoltaic (PV) setup depends on both the specific modules used

and the geographical setting where they are deployed. For this research, PVsyst software was

employed due to its capability to precisely evaluate important variables like energy output.

This was particularly relevant in regions that receive abundant solar radiation, as the software

can effectively simulate the solar system's behavior.

7 A future based on renewable energy. (22 C.E., November 28). European Environment Agency.
https://www.eea.europa.eu/signals-archived/signals-2022/articles/a-future-based-on-renewable-energy accessed
20 October 2023.
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In order to assess the efficacy of solar power, an exhaustive analysis was undertaken

employing search terms like Solar Systems, PV Technology, Photovoltaic, Renewable

Energy, and PVsyst. The objective of this research is to develop and simulate two distinct

photovoltaic solar systems for EV Charging Stations and one Floating Solar Park, aiming to

deliver both thermal and electrical energy. This is particularly relevant for addressing the

essential demand for renewable energy sources in Hungary's urban regions.

Pvsyst Software

PVsyst, initially developed in Geneva, serves as a computational tool facilitating the analysis

and operations of photovoltaic (PV) systems. This software aids in crafting the system's setup

and allows for the estimation of energy yield. The resultant data hinges on the simulation of

the system's sizing, which is predominantly influenced by the geographical positioning of the

PV setup. Outcomes can encompass various simulation parameters, which can be represented

in a range of temporal resolutions including monthly, daily, or hourly increments. Irwan et al.

explained the "Loss Diagram" function offers insights into potential shortcomings within the

system architecture [31]. Simulations utilizing PVsyst are executed through a series of

successive steps.

Project Formulation

Within the databases of PVsyst, various sites and meteorological files are pre-integrated.

However, it facilitates users in crafting customized projects predicated on the distinct site

locations and corresponding meteorological data that are intended to be utilized, fostering a

tailored approach to PV system planning [31].

Establishment of a System Variant

Subsequent to the initial phase, users generate a computational rendition of the project

delineated in step 1. Razmjoo et al. explained this stage demands user input in defining vital

facets such as module orientation, system layout, and loss parameters, paving the way for a

more nuanced analysis in the later stages [27].

Implementation of the Simulation

This step entails the generation of diverse graphical representations and analytical reports

pertaining to the PV system under scrutiny. Jagadale et al. [25] Users have the latitude to

scrutinize the derived outcomes within the software interface, or they may opt to export the
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data to an alternative platform or retain the findings for in-depth assessment in subsequent

evaluations [25].

Following the modeling using PVSyst, graphical representations and numerical data will be

produced. Key metrics to consider include Sunpath, Normalized energy output, Performance

Ratio, and the Loss Diagram. This section elaborates on the interpretations of these figures

[25-26].

Sun path

In PVsyst, the "sun path" refers to a diagrammatic representation of the solar path, which is

essentially the trajectory that the sun follows in the sky over the course of a day. This tool

enables users to visualize the sun's position at various times throughout the day and across

different seasons. It is crucial in understanding and analyzing the potential solar irradiance

available at a specific location, which, in turn, assists in optimizing the orientation and tilt of

the PV modules for maximum solar energy capture. The sun path diagram is fundamentally

grounded in the geographical coordinates of the site (latitude, longitude) and can offer

insights into potential shading issues from nearby obstacles. Consequently, this tool is

instrumental in the accurate design and efficient planning of a solar power project, ensuring

that the system is aligned to receive optimal sunlight exposure year-round. [25]

Normalized Energy Production

The graph shows the results proposed by the IEC 61724 standard. This is expressed in terms

of standard variables defined in the standard. These variables are normalized for the system

nominal power Pnum. These variables are allowed to compare systems of different kinds and

sizes in different locations. Each bar is the reference system yield (Yr). This represents the

energy that would be produced if the system were always producing with the nominal

efficiency at standard test conditions. This is equivalent to the GlobInc value, the global

incident on the collector plane. The base of the purple part is the energy at the output of the

array (Ya). This corresponds to the EArray in the table. The purple area represents the array

losses labelled (Lc) for collection loss. Lc = Collection Loss = Yr – Ya. The brown bars

represent the energy injected into the grid (Yf). The green area represents the loss in the

system (Ls), Ls = System Loss = Ya – Yf. In this case, the inverter loses. For more complex

systems this may include the losses in the AC circuit if these are defined between the inverter

and the injection point [25-26].
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Performance Ratio

Each bar is the reference system yield (Yr). This represents the energy that would be

produced if the system were always producing with the nominal efficiency at standard test

conditions. This is equivalent to the GlobInc value, the global incident on the collector plane.

The base of the purple part is the energy at the output of the array (Ya). This corresponds to

the EArray in the table. The purple area represents the array losses labeled (Lc) for collection

loss. The brown bars represent the energy injected into the grid (Yf). The green area

represents the loss in the system (Ls). In this case, the inverter loses. For more complex

systems, this may include the losses in the AC circuit if these are defined between the

inverter and the injection point. The ratio of normalized produced energy to the reference

energy is the performance ratio. The graph on the right shows the performance ratio for each

month. In June, July, August months the performance ratio diminishes during the summer.

This is due to higher operating temperatures of the PV array leading to higher temperature

losses in the array. With shed like installations in middle latitudes the winter months may also

experience a reduction in performance ratio due to the mutual shadings when the sun is low

on the horizon.[26]-[27]

Balances and Result Table

The PVSyst incorporated with geographical site and shows some high-level summaries of the

project system and results of this simulation variant the geographical site and meteorological

data properties are fully defined in the report. It also incorporated with all the general

parameters of the simulation for more complex systems these parameters may be extended

over several conditions and different PV technologies. The general parameters include the

system kind PV field orientation and the shading configuration used. The PV array

characteristics include the modules and their arrangement in the array and the inverters if

several subarrays are defined in the system. Array losses given an overview of all the settings

involved in the calculation of the losses during the simulation.

Loss Diagram

In PVsyst's Loss Diagram, energy losses within a photovoltaic (PV) system are

systematically delineated, showcasing the transition from initial solar irradiance received by

the PV module to the final energy integrated into the grid or utilized by the load. This

comprehensive breakdown categorizes losses into various segments, such as thermal

discrepancies arising from temperature variations, Incident Angle Modifier (IAM) losses due
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to non-perpendicular sunlight angles, shading from obstructive elements, mismatch variances

within PV module arrays, resistive ohmic losses in wiring, inverter inefficiencies during DC

to AC conversion, availability issues stemming from system downtimes, and other potential

system-specific losses. This detailed visual representation, punctuated by percentage

allocations for each loss type, serves as an invaluable tool for academicians, system

designers, and operators in their quest for system optimization and heightened efficiency.

[25-27]

2.2 A Spatiotemporal Analysis and Forecasting of Electricity Generation-Mix in

Hungary Using Artificial Analysis (ARIMAModel)

Chen et al. introduced a Bayesian temporal factorization approach for multidimensional time

series prediction, providing insights into understanding temporal connections in complicated

data [32]. Semenoglou et al. evaluated the accuracy of cross-learning time series forecasting

methods, highlighting the necessity of domain-specific considerations when selecting

forecasting approaches [33]. Athiyarath et al. undertook a comprehensive comparative

investigation and analysis of time series forecasting methodologies, spanning classical

statistical methods, machine learning models, and deep learning approaches [34]. Krollner et

al. investigated financial time series forecasting with machine learning approaches, providing

insights into predicting financial market movements [35].

Albers et al. emphasized task-driven evaluation and aggregation strategies in time series

display, leading to effective data communication [36]. Parzen et al. [37] laid the groundwork

for time series analysis with kernel density estimation, which remains prominent in statistics

and time series modeling. Lai et al. [38], examined machine learning models in renewable

energy projections, adding to sustainable energy planning. Munawar et al. [39] provided a

framework for short-term solar power forecasting using machine learning algorithms,

addressing issues in renewable energy integration. Klyuev et al. [40] put out a recent

literature analysis on methods for projecting electric energy use, bringing insights into the

newest advancements in the field. Newbold et al. [41] presented the ARIMA model design

and the time series analytic method to forecasting, presenting a traditional perspective on

time series modeling.

Selvan et al. [42] examined data analysis in context-based statistical modeling for predictive

analytics, bringing insights into real-world applications. Harvey et al. [43] explored structural

time series models, presenting a complete grasp of this class of models. De Gooijer et al. [44]
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reflected on 25 years of time series forecasting, outlining important advancements in the

discipline. Torres et al. [45], did a survey of deep learning for time series forecasting,

stressing the relevance of neural networks in this domain. Ahmed et al. [46], empirically

compared machine learning models for time series forecasting, contributing to the

identification of relevant strategies in diverse applications. These works give a wide view of

time series forecasting, including methodology, applications, and recent discoveries. We

learned from these papers’ essential insights and methodologies in time series analysis and

prediction for this work.

2.3 Energy Policy

Energy policy has long been a subject of intense debate, research, and policymaking,

addressing the challenges of sustainability, security, and economic viability. This review aims

to encapsulate key findings, theories, and concerns in the domain of energy policy.

The global demand for sustainable energy solutions has been on the rise, driven by concerns

of climate change and environmental degradation. Green et al. (2018) argues that the shift

towards renewable energy sources, such as wind, solar, and hydro, is imperative to reduce

carbon emissions and mitigate global warming [51]. However, Johnson et al. (2019)

cautioned that the intermittent nature of some renewables necessitates advances in energy

storage and grid management [52].

Energy security has been a pressing concern for many nations, especially those dependent on

imports. Walker (2017) highlights the geopolitical implications of energy security, where

nations can wield energy as a political tool [53]. In contrast, Davies et al. (2020) emphasize

the need for diversifying energy sources and strengthening intra-regional energy cooperation

to enhance security [54].

The economic aspects of energy policy can't be ignored. As Thompson (2021) points out, the

transition to renewables can be costly in the short term but promises long-term economic

benefits [55]. Furthermore, the decline in fossil fuel prices, as noted by Rodriguez (2022), can

influence energy policy decisions and potentially slow down the transition to green energy

[56].
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Innovation plays a crucial role in shaping energy policy. Lee et al. (2018) discusses the

emergence of smart grids, which enable better management and distribution of energy [57].

On the other hand, Kumar (2019) highlights advancements in nuclear fusion as a potential

game-changer for future energy policies [58].

Engaging the public and understanding societal impacts is crucial for successful energy

policy implementation. White et al. (2020) provide insights into the societal challenges faced

during the deployment of large-scale wind farms. They argue for a more participatory

approach, ensuring communities play a role in energy policy decisions [59].
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Chapter 3: Feasibility of Energy Mixing in Urban Area in Hungary

3.1 Introduction

Throughout its history, Hungary's energy sector has been primarily characterised by the

prominent utilisation of fossil fuels and nuclear energy sources. The significant role of fossil

fuels in its energy portfolio is evident, but equally noteworthy is the country's inclination

towards nuclear energy, highlighted by the Paks Nuclear Power Plant's critical contribution to

its electricity grid. Nestled by the Danube River, this facility symbolizes Hungary's trust in

nuclear power as a primary and consistent energy resource. Although there's a global shift

towards green energy, Hungary underscores the importance of maintaining and possibly

augmenting its nuclear prowess, as seen in discussions surrounding the Paks facility's

expansion. Various factors drive this direction, including energy security, existing

infrastructural investments, and the need for a constant energy source.

Up to the start of 2022, while Hungary has witnessed some renewable initiatives, the bulk of

its energy blend remains rooted in traditional sources, mirroring a deliberate approach in its

energy roadmap. Hungary, positioned in the heart of Europe, has the capability to harness a

diverse range of renewable energy sources, even within its urban spaces. Benefitting from

approximately 2,000 hours of sunshine annually, urban areas offer considerable scope for

solar installations on rooftops and facades. While the country's topography might not be ideal

for large-scale wind farms within cities, the adoption of compact, vertical-axis turbines could

weave seamlessly into the urban fabric. The Pannonian Basin beneath Hungary provides a

unique opportunity for geothermal energy, which could be utilized for district heating in

metropolitan regions.

Although Hungary is traversed by significant rivers like the Danube and Tisza, its potential

for hydropower is constrained by its largely flat topography, which lacks the elevation

changes ideal for hydropower generation. Additionally, the river flows are inconsistent for

steady power output, and the environmental implications, especially potential harm to vital

wetland ecosystems, further deter large-scale projects. Economic viability remains

questionable, especially when juxtaposed with more promising renewable energy options like

solar and wind. The Danube's cultural and historical significance, coupled with its

multifaceted use for agriculture, transportation, and recreation, makes large interventions
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potentially contentious. Lastly, the transboundary nature of the Danube necessitates complex

coordination with neighboring countries, adding layers of challenge to hydropower

initiatives. Though, the agricultural backbone of the country suggests potential for

biomass-based energy, in Hungary's urban settings, biomass-based energy faces several

challenges.

The combustion of biomass can exacerbate urban air pollution, releasing harmful pollutants

that pose health risks. Given the spatial constraints of cities, storing vast amounts of biomass

feedstock becomes problematic. Moreover, transporting this feedstock to urban centers adds

logistical difficulties and elevates the overall carbon footprint. Organic waste, a potential

biomass source, often has competing urban uses like composting. Economically, urban

infrastructure and storage costs can make biomass less attractive, especially with the

declining costs of other renewables like solar and wind. Residents might also express

concerns about odors, potential health hazards, and aesthetic disruptions associated with

biomass plants.

Furthermore, the efficiency of biomass energy might not meet the high and consistent

demands of urban energy consumption. However, the real challenge lies in updating the grid

infrastructure to handle intermittent renewable inputs and in securing consistent policy and

financial support. As Hungary aligns more with EU green directives, the pivot to urban

renewable integration appears not only feasible but also imperative. In urban areas of

Hungary, solar and geothermal energy sources present particularly promising potentials.

Firstly, solar energy harnesses the abundant sunlight the country receives, especially during

summer months.

With the advancements in photovoltaic technology and the decreasing cost of solar panels,

urban rooftops, walls, and even some pavements can be transformed into energy-generating

assets, optimizing space in densely populated areas. Geothermal energy, on the other hand,

leverages Hungary's unique geographical advantage, as the country is situated over the

Pannonian Basin, known for its substantial geothermal potential. This allows urban areas to

tap into the Earth's natural heat for both direct heating and electricity generation. Moreover,

geothermal systems, once installed, occupy minimal surface space and have a low visual

footprint, making them ideal for urban settings. Both solar and geothermal energy offer

sustainable and cleaner alternatives, aligning with Hungary's goals to reduce carbon

emissions and transition towards more sustainable urban development.
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3.2 Solar Energy

Solar energy in Hungary has gained significant attention in recent years. An analysis reveals

a focused attempt to understand the current and prospective scenarios of solar energy in the

nation, particularly in the context of the Visegrád Group countries [9]. The establishment of

solar power stations in Hungary involves a series of processes culminating in the construction

of these stations, highlighting both the commitment to and the challenges faced in embracing

this renewable energy source [10]. The global advancements in solar PV energy and their

policies underscore the strides made by the top ten solar PV power-producing nations,

placing Hungary in the broader context of global solar initiatives [11]. As renewable energy

research continues, the modelling and processes involved in these energy sources further

solidify the foundation for sustainable energy solutions in the future [12]. While the focus on

solar energy in Hungary is evident from these studies, a broader look at renewable energy

trends suggests an interdisciplinary approach that integrates environmental, agricultural, and

energy perspectives [13]

3.2.1 Methodology

The effectiveness of a photovoltaic (PV) setup depends on both the specific modules used

and the geographical setting where they are deployed. For this research, PVsyst software was

employed due to its capability to precisely evaluate important variables like energy output.

This was particularly relevant in regions that receive abundant solar radiation, as the software

can effectively simulate the solar system's behavior.

In order to assess the efficacy of solar power, an exhaustive analysis was undertaken

employing search terms like Solar Systems, PV Technology, Photovoltaic, Renewable

Energy, and PVsyst. The objective of this research is to develop and simulate two distinct

photovoltaic solar systems for EV Charging Stations and one Floating Solar Park, aiming to

deliver both thermal and electrical energy. This is particularly relevant for addressing the

essential demand for renewable energy sources in Hungary's urban regions.

In this study, we introduce two grid-integrated photovoltaic setups designated for electric

vehicle (EV) charging stations and a separate Floating Solar Park. Utilizing a inverter is

essential in solar energy configurations because the solar panels produce direct current (DC)

electricity, whereas the end-users necessitate alternating current (AC) electricity.
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Consequently, key components such as photovoltaic modules, fuse enclosures, inverters,

utility meters, and electrical grid connections are factored into the design of the

grid-connected photovoltaic arrangements. The fundamental role of these photovoltaic

modules is to generate DC electrical output. Inverters within these systems serve to transform

the DC electricity into AC form, which is subsequently fed into the electrical grid through

specialized utility meters and fuse boxes. These inverters are engineered to continuously emit

a sinusoidal output and are configured to function in synchrony with the existing electrical

grid.

Figure 1 provides an outline of the tentative model, which serves as a foundation and can be

modified or enhanced to better suit real-world conditions, depending on the final

requirements and constraints.

Figure 1: Grid Connected PV System Model [Ownwork,Software:Adobe Photoshop]

Mathematical Description of the Proposed System

This section delineates the fundamental equations employed for the scrutiny and

simulation-based modelling of solar energy facilities using PVsyst software, as corroborated

by references these equations elucidate the computational methodologies and how outcomes

are derived [23-24]. The three categories of inverters routinely utilized in photovoltaic

systems are cited in reference [25]:

1. String inverters

2. Central inverters

3. Micro inverters

String inverters are constrained in terms of their capacity but offer the benefit of being both

compact and straightforward to install and manage.
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A transformer serves as an apparatus that facilitates the transfer of electrical energy from one

alternating current circuit to one or more additional circuits, altering the voltage levels

without modifying the frequency.

Moreover, for a comprehensive assessment of solar photovoltaic (PV) plant efficacy, multiple

metrics need to be computed. These include array yield (YA), reference system yield (YR),

final system yield (YF), performance ratio (PR), and the capacity utilization factor (CUF)

[25].

Array yield is conceptualized as an efficiency matrix, indicating the daily direct current (DC)

energy output normalized by the nominal power of the array (kWh/KWp/day). Essentially,

array yield serves as a measure that encapsulates the temporal (daily, monthly, and yearly)

DC energy production from the photovoltaic array, scaled to its rated power.:

……………………………. (1)

The reference yield serves as an indicator of the peak sun-hours per day and is determined by

dividing the aggregate in-plane solar insolation (kW/m2) by the standard reference irradiance

(kW/m^2) associated with the array. In standard test conditions (STC), this reference

irradiance is conventionally set at 1000 W/m2 and signifies the requisite energy level to

generate the array's nominal power (P_nom) over the duration of one hour. In the formula,

YR denotes the term for incident energy (kWh/m^2/day) in the array's plane [26].

……………………………. (2)

The concept of Final Yield pertains to the duration needed for the photovoltaic system to

generate its net energy output at its specified rated power. This metric is derived by dividing

the net alternating current (AC) energy produced by the system, whether measured on an

annual, monthly, or daily scale, by the peak power capability of the photovoltaic panels.[26]:

……………………………. (3)
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The Performance Ratio is determined by taking the final yield and dividing it by the reference

yield. This quotient serves as an indicator of system efficiency by revealing the proportion of

energy losses attributable to an array of elements, including panel deterioration,

contamination, shadowing, thermal effects, and other intrinsic inefficiencies. Under practical

conditions, the performance ratio offers a comparative measure of the actual versus potential

effectiveness of a solar photovoltaic installation. [26-27]:

……………………………... (4)

The capacity utilization factor (CUF) is characterized as the proportion of the annual energy

production of a solar PV system to the potential maximum output that could be achieved

during the same timeframe, given its rated capacity. [26-27]:

……………………………. (5)

The efficiency of a photovoltaic (PV) panel, denoted as ηPV, can be determined using a

specific formula [27].

The efficiency of the inverter in a solar photovoltaic system, represented as ηinv , is computed

by taking the alternating current (AC) power output generated by the inverter and dividing it

by the direct current (DC) power output from the photovoltaic array [27].

……………………………. (6)

In a solar photovoltaic installation, the overall system efficiency is determined by dividing

the electrical power generated by the array by the cumulative in-plane solar insolation. This

equation provides a metric for the system's effectiveness in converting solar energy into

electrical power [27].
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……………………………. (7)

The efficacy of a solar photovoltaic facility is affected by a multitude of loss factors that can

manifest at different stages within the system. For a precise quantification of these losses, it is

imperative to compute both the array capture loss (LA) and system loss (LS).

Array capture loss (LA) encompasses thermal losses due to elevated photovoltaic cell

temperatures, dust accumulation on the arrays, fluctuating irradiance levels, localized

shading, deviations in maximum power point tracking, and internal inconsistencies.

Consequently, array capture loss (LA) can be ascertained by taking the array yield and

deducting the reference yield [25-27].

……………………………. (8)

System loss (LS) denotes the losses incurred in both direct current (DC) and alternating

current (AC) cabling, ascertained by deducting the array yield from the final system yield.

This encompasses losses attributable to inverters in grid-tied configurations or to batteries in

independent systems [26-27].

……………………………. (9)

3.2.2 System Modeling

Our project plan is to enhance the solar capacity in Budapest. For this reason, we try to

investigate which type of solar energy production system has not been launched yet in the

urban reason of Hungary, e.g., Budapest, Debrecen, Gyor, Pecs, and Lake Balaton

neighborhoods. It is experienced that Hungary does not have a hybrid solar system, a solar

EV parking station, or a floating solar park. The Hungarian government has put restrictions

on the connection of small household-scale power plants to the grid, or, on the other hand,

hybrid systems. If we consider the diplomatic complexity of the hybrid system, Hungary

could still launch solar EV charging stations and a few numbers of Floating Solar parks.
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The far-reaching advantage of solar EV charging stations is these charging stations are placed

mainly in car parking areas and these car parking areas are in open spaces, except car parking

where open spaces are not used for any purpose. So, if we install solar systems here in these

places then we can charge a good number of Electrical vehicles every day, which is more

sustainable and environmentally friendly, and most importantly, we could generate energy

from unused spaces.

Floating solar or floating photovoltaics (FPV) are terms used to describe solar panels that are

installed on floating constructions. These floating systems tend to be used in reservoirs, lakes,

and other expansive aquatic environments. One of the main advantages of FPV is its

utilization of unutilized surface area on water, hence circumventing the need for expensive

land resources. The reduction of water evaporation can be achieved by implementing partial

coverage of water basins, with the effectiveness of this approach dependent on the prevailing

climate conditions and the extent of surface coverage. FPV technology has the potential to

yield significant advantages in terms of safeguarding natural lakes and other freshwater

bodies that face the threat of depletion. The cooling effect of water as a host to the PV panels

leads to an energy gain that ranges from 5% to 15% [28]. Spacious buoyant structures can

effortlessly pivot both horizontally and vertically to facilitate solar tracking, akin to the

behavior of sunflowers. This function can enhance energy capture by 15-25%, without

necessitating the intricate mechanical systems found in terrestrial PV facilities.

Moreover, the expense of installing a tracking mechanism on a floating PV facility is

comparatively low, establishing it as an economical method for optimizing solar energy yield.

Another important positive side is the shadow effect is mostly zero per cent. Based on our

empirical research and on-site assessments, Hungary harbours substantial potential for the

establishment of Floating Photovoltaic (FPV) installations in various promising locales.

Notable among these are Lake Balaton, encompassing an expansive area of 592 km², thereby

representing the largest lake within the nation's borders. Moreover, the River Tisza stretches

over 597 km² within the Hungarian territory, currently housing two hydroelectric dams: the

Kisköre-based Tisza Dam with a capacity of 28 MW, and the Tiszalök Dam contributing 12.9

MW to the electrical grid. Furthermore, the River Hármas-Körös is home to the

Békésszentandrás dam, a facility with a generation potential of 2 MW, presenting additional

opportunities for the integration of FPV systems. These sites represent feasible starting points

for the proliferation of FPV technology, fostering a synergy between existing hydroelectric

infrastructures and emergent solar capabilities.
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Site Survey

To introduce Solar EV charging stations in Hungary we have chosen two different charging

stations. The first, situated at Clark Adam Ter (47°29'50.9"N;19°02'27.8"E), will potentially

feature a ground mountain design, as per our initial site assessment. In contrast, the second

charging station which is in the Alkotas Utca (47°29'39.8"N;19°01'26.9"E) is poised for a

rooftop model integration, fostering an expansion of Hungary's solar infrastructure while

making prudent use of existing urban spaces. Lastly, proposal of the implementation of a

Floating Photovoltaic (FPV) solar park at the catchment area of Tisza Dam, Kisköre, as

Floating Solar is often installed on existing hydropower which reduces costs by using the

existing transmission lines and distribution infrastructure and increases efficiency. FPV can

play a significant role in conserving bodies of fresh water that are at risk. For example, a case

study of Lake Mead showed that covering 10% of the lake with FPV would generate enough

electricity to serve both Las Vegas and Reno while also conserving water. At 50% coverage,

FPV could produce over 127 TWh of clean solar energy and save 633.22 million m3 of water,

enough to retire 11% of coal-fired power plants in the United States and provide water for

more than five million Americans each year.8 The goals of this study are to:

• Evaluate the given site's solar energy potential.

• Develop a PV system layout based on load requirements.

• Calculate the performance ratio and losses via PVsyst software simulation.

Case-1: Ground-Mounted Solar EV Charging Station

This EV charging station is located within a designated parking area. The total area of this

parking lot is around 1238.71m². Before any panel is mounted, careful consideration is given

to the specifics of the location, ensuring that the installation of the ground-mounted solar

panel structure does not interfere with the existing functionality of the space, specifically the

smooth movement and parking of cars. It's imperative that the new structures harmonize with

the existing layout, providing added value without hindrance. After a comprehensive study,

an optimal area of 273 m² has been earmarked for the installation of the solar panel

structures. At the core of this project lies a deep commitment to environmental sustainability.

This venture seeks not to alter the existing structure but to enhance it, leveraging the

8 Mo’men. (2016, April 16). Floating Solar Power Plants. Linkedin.
https://www.linkedin.com/pulse/floating-solar-power-plants-mo-men-rabaa/ accessed 27 October 2023.
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untapped potential of solar energy. In doing so, it promises not only to preserve the existing

architecture but to transform it into a hub of green energy, consequently contributing to a

significant reduction in CO2 emissions.

Project Overview:

� Location: Clark Adam Ter (47°29'50.9"N;19°02'27.8"E)

� Total PV capacity: 50.46 kWp DC

� PV nom. Power/unit: 670 Wp

� No of Panels: 88

� No of Inverters: 1

� Inverter Size: 50 kW

� Pnom:1.18

� Tilt/Azimuth: 35° / 0 °

� Area: 273 m².

� Yearly Total Generation: 70120 kWh/year
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Layout:

Figure 2: Ground-Mounted Model Solar EV Charging Station Layout, [Own Work,

Software: AutoCAD]

Wiring Diagram:

Figure 3: Wiring Diagram of Ground-Mounted Model Solar EV Charging Station [Own

work, Software: AutoCAD]
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Single Line Diagram (SLD) Design:

Figure 4: SLD Design of Ground-Mounted Model Solar EV Charging Station [Own work,

Software: AutoCAD]

Case-2: Roof Top Model Solar EV Charging Station

This EV charging station is located in a Commercial Fuel station. Utilizing the available

rooftop space, which measures approximately 480.37 m², presents a financially and

technically feasible solution, circumventing the necessity for extensive mechanical structures

associated with ground-mounted models. Comparatively, while the ground-mounted model

necessitates additional financial investment and design intricacies due to its requirement for a

mechanical support structure, the rooftop model offers a more streamlined approach.

Eliminating the need for extensive mechanical structures not only offers financial advantages

but also reduces the installation's complexity. In the context of establishing a solar EV

charging station, the prevailing models for consideration are predominantly bifurcated into

ground-mounted and rooftop configurations, with the latter presenting a more feasible option

in this scenario.
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Project Overview:

� Location: Alkotas Utca (47°29'39.8"N;19°01'26.9"E)

� Total PV Capacity: 29.48 kWp DC

� PV nom. Power/unit: 670 Wp

� No of Panels: 44

� No of Inverters: 1

� Inverter Size: 25 kW

� Pnom: 1.18

� Tilt/Azimuth: 35° / 0 °

� Area: 137 m²

� Yearly Total Generation: 35114 kWh

Layout:

Figure 5: Roof Top Solar EV Charging Station Layout [Own work, Software: AutoCAD]
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Wiring Diagram:

Figure 6: Wiring Diagram of Roof Top Model Solar EV Charging Station [Own work,

Software: AutoCAD]

Single Line Diagram (SLD) Design:

Figure 7: SLD Design of Roof Top Model Solar EV Charging Station [Own work, Software:

AutoCAD]
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Case 3- Floating Solar Park on Tisza Dam, Kisköre :

Despite being a landlocked country devoid of coastal regions, Hungary demonstrates

immense potential to pioneer the establishment of a floating solar park. Remarkably, the

nation is endowed with significant water bodies that can facilitate this innovation. For

instance, Lake Balaton covers an area of 592 km², coupled with the river Tisza, which spans

over 597 km² within Hungary, already accommodating two hydroelectric dams. Additionally,

the regions encompassing the River Danube and the River Hármas-Körös, which also

features a dam, present viable sites for this endeavor. Lake Valence further augments the list

of potential hosts for a floating solar park. Floating Solar is generally installed on existing

hydropower or on the catchment area of dam, which is cost effective by using the existing

transmission lines and distribution infrastructure and increases efficiency. For FPV in this

project Tsiza Dam has been considered. The Tisza Dam, located in Kisköre within Heves

County, stands as a testament to the region's commitment to harnessing renewable energy.

From 2000 to 2022, the average monthly electricity consumption in Heves County was

recorded at 194.75 kWh. This 2.5 MWp Floating Photovoltaic (FPV) park, capable of

producing approximately 2,850,983 kWh annually (237,581kWh/monthly). From 2000 to

2022, the Tisza Dam in Kisköre, Heves County, witnessed an average monthly electricity

consumption of 194.75 kWh. With the estimated annual energy output of this solar park,

nearly 1,220 households within Heves County could be fully powered.

Project Overview:

� Location: Tisza Dam, Kisköre (47°29'35.3"N 20°30'56.1"E)

� Total PV Capacity: 2.5 MWp DC

� PV nom. Power/unit: 670 Wp

� No of Panels: 3780

� No of Inverters: 21

� Inverter Size: 100 kW

� Pnom:1.20
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� Tilt/Azimuth: 10° / 0 °

� Area: 0.012 km² (11742 m²).

� Yearly Total Generation: 2,850,983 kWh

Layout:

Figure 8: Floating Solar PV System Model in Tisza Dam, Kisköre [Own Work, AutoCAD]

Wiring Diagram:

Figure 9: Wiring Diagram of Floating Solar Park in Tisza Dam, Kisköre [Own work,

Software: AutoCAD]
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Single Line Diagram (SLD) Design:

Figure 10: SLD Design of Floating Solar Park in Tisza Dam, Kisköre [Own work, Software:

AutoCAD]
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3.2.3 Results

Case 1: Ground-Mounted Solar EV Charging Station at Clark Adam Ter, Budapest

Sun path or Solar Horizon

Figure 11: Solar Horizon at Clark Adam Ter, Budapest, [Own work, Software: PVSyst]

Monthly normalized production:

Figure 12: Monthly normalized production Ground Mounted Solar EV Charging

Station in Clark Adam Ter, Budapest [Own work, Software: PVSyst]
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Monthly performance ratio:

Figure 13: Monthly Performance Ratio for a Ground Mounted Solar EV Charging Station in

Clark Adam Ter, Budapest [Own work, Software: PVSyst]

Balances and Main Results Month-wise:

Table 1: Monthly Balances and Results for Ground Mounted Solar EV Charging Station in

Clark Adam Ter, Budapest [Own work, Software: PVSyst]
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Loss Diagram:

Figure 14: Loss diagram of Ground Mounted Solar EV Charging Station in Clark Adam Ter,

Budapest [Own work, Software: PVSyst]
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CO2 Emission Balance:

Figure 15: CO2 Emission Balance Ground Mounted Solar EV Charging Station in Clark

Adam Ter, Budapest [Own work, Software: PVSyst]

Findings:

The normalized energy production of this Ground Mounted Solar Photovoltaic (PV) system

(Figure 12) throughout the year, measured in kWh per kWp installed capacity per day. Each

month's bar is divided into three sections: collection loss (blue) indicating energy lost due to

solar panel inefficiencies, system loss (purple) from components like inverters, and the useful

energy output (red). On average, the system experiences 0.47 kWh/kWp/day in collection

losses, 0.07 kWh/kWp/day in system losses, and produces 3.26 kWh/kWp/day of useful

energy. The Performance ratio (Figure 13) of this system is 85.75 %.

From Table 1 we get, the Global Horizontal Irradiance (GlobHor) starts at 30.5 kWh/m² in

January and peaks at 180 kWh/m² in both June and July, reflecting maximum sunlight during

summer. Conversely, December has the lowest GlobHor value at 24.5 kWh/m². The Diffuse

Horizontal Irradiance (DiffHor) peaks in July at 89.26 kWh/m². The Global Incident

Irradiance (GlobInc) and Global Effective Irradiance (GlobEff) reach their maxima in July,

with values of 174.4 kWh/m² and 161.6 kWh/m², respectively. The energy output from the

solar array (EArray) also peaks in July at 8,726 kWh, emphasizing the strong solar activity
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during the summer. On the other hand, December exhibits the least solar energy output with

only 2,232 kWh.

From Figure 13 we can get the understanding of losses. After the deduction of losses this

system is capable to produce 70,120 kWh/year (193 kWh/Day). So, through this PV system

Every day 3-5 Electric Vehicle could be powered up as Most EV models take 35-60 kWh to

achieve a full charge. Lifetime of this project is 25 years, so, in this life cycle 27,375 to

45,625 Electric Cars could powered up. Not only this from this system (Figure 15) we can

reduce 370.2 metric tons of CO2 emissions compared to conventional energy sources in 25

years.

Case 2: Roof Top Model Solar EV Charging Station at Alkotas Utca, Budapest

Sun Path or Solar Horizon:

Figure 16: Solar Horizon at Alkotas Utca, Budapest [Own work,Software:PVSyst]
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Monthly Normalized Production:

Figure 17: Monthly normalized production for Roof Top Solar EV Charging Station at

Alkotas Utca, Budapest [Own work, Software: PVSyst]

Monthly Performance Ratio:

Figure 18: Monthly Performance Ratio for Roof Top Solar EV Charging Station at Alkotas

Utca, Budapest [Own work, Software: PVSyst]
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Balances and Main Results Month-wise:

Table 2: Monthly Balances and Results for Roof Top Solar EV Charging Station at Alkotas

Utca, Budapest [Own work, Software: PVSyst]

CO2 Emission Balance:

Figure 19: CO2 Emission Balance Roof Top Solar EV Charging Station at Alkotas Utca,

Budapest [Own work, Software: PVSyst]
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Loss Diagram:

Figure 20: Loss diagram for Roof Top Solar EV Charging Station at Alkotas Utca, Budapest

[Own work, Software: PVSyst]
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Findings:

The normalized energy production of this Roof Top Solar Photovoltaic (PV) system (Figure

17) throughout the year, measured in kWh per kWp installed capacity per day. Each month's

bar is divided into three sections: collection loss (blue) indicating energy lost due to solar

panel inefficiencies, system loss (purple) from components like inverters, and the useful

energy output (red). From the figure we can see throughout the year, the predominant portion

(in red) represents useful energy produced, averaging around 3.26 kWh/kWp/day. Notably,

production peaks during May through August. However, two types of losses reduce the total

output: Collection Loss (PV-array losses) averaging 0.48 kWh/kWp/day (shown in green) and

System Loss due to components like inverters, averaging 0.09 kWh/kWp/day (in purple).

These losses are relatively consistent, but their impact is visibly more pronounced during

months with lower overall production, like January and December.

The performance ratio (Figure 18) of this system is 85.32%. From Table 2 we can observe

Throughout the year, the rooftop solar EV charging station in Alkotás Utca, Budapest,

demonstrates evident seasonal fluctuations. The Global Horizontal Irradiance (GlobHor)

initiates at 30.6 kWh/m² in January, surging to its apex at 180.8 kWh/m² in July. December

witnesses the nadir at 24.5 kWh/m². The Diffuse Horizontal Irradiance (DiffHor) reaches its

pinnacle in June, tallying 87.19 kWh/m². Ambient Temperature (T_Amb) is coldest in

December, registering 0.96°C, and is warmest in July, scaling up to 22.84°C. The Global

Incident Irradiance (GlobInc) and the Global Effective Irradiance (GlobEff) both peak in July,

recording 175.2 kWh/m² and 166.2 kWh/m², respectively. The solar array's energy output

(EArray) is also at its zenith in July, generating 4,350 kWh. In stark contrast, December

produces the minimal solar energy, amounting to just 1,087 kWh.

From Figure 19 we can get the understanding of losses. Upon accounting for the system's

losses, it has the potential to generate 35,114 kWh annually, equating to 96 kWh daily. As a

result, this roof top PV setup can charge between 1 to 3 electric vehicles daily since the

majority of EV models require between 35-60 kWh for a full charge. Over its projected

25-year lifespan, this system could charge an estimated 9,100 to 27,500 electric vehicles.

Furthermore, according to Figure 20, this system can offset 176 metric tons of CO2 emissions

in 25 years when compared to traditional energy sources.
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Case 3: Floating Solar Park on Tisza Dam, Kisköre

Sun Path or Solar Horizon:

Figure 21: Solar Horizon in Kisköre , Hungary [Own work, Software: PVSyst]

Monthly Normalized Production:

Figure 22: Monthly normalized production for floating model on Tisza Dam, Kisköre,

Hungary [Own work, Software: PVSyst]
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Monthly Performance Ratio:

Figure 23: Monthly Performance Ratio for Floating model on Tisza Dam, Kisköre,

Hungary[Own work, Software: PVSyst]

Balances and Main Results Month-wise:

Table 3: Monthly Balances and Results for Floating model on Tisza Dam, Kisköre,

Hungary [Own work, Software: PVSyst]
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Loss Diagram:

Figure 24: Loss diagram for Floating model on Tisza Dam, Kisköre, Hungary[Own work,

Software: PVSyst]
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CO2 Emission Balance:

Figure 25: CO2 Emission Balance for Floating model on Tisza Dam, Kisköre, Hungary[Own

work, Software: PVSyst]

Findings:

The normalized energy production of this Ground Mounted Solar Photovoltaic (PV) system

(Figure 22) throughout the year, measured in kWh per kWp installed capacity per day. Each

month's bar is divided into three sections: collection loss (blue) indicating energy lost due to

solar panel inefficiencies, system loss (purple) from components like inverters, and the useful

energy output (red). On average, the system experiences 0.41 kWh/kWp/day in collection

losses, 0.05 kWh/kWp/day in system losses, and produces 3.08 kWh/kWp/day of useful

energy. The Performance ratio (Figure 13) of this system is 87.07 %.

From Table 3 we get, the Global Horizontal Irradiance (GlobHor) starts at 26.8 kWh/m² in

January and peaks at 181.4 kWh/m² in July, reflecting maximum sunlight during summer.

Conversely, December has the lowest GlobHor value at 20.8 kWh/m². The Diffuse Horizontal

Irradiance (DiffHor) peaks in July at 82.08 kWh/m². The Global Incident Irradiance

(GlobInc) and Global Effective Irradiance (GlobEff) reach their maxima in July, with values

of 184.7 kWh/m² and 174.7 kWh/m², respectively. The energy output from the solar array

(EArray) also peaks in July at 404.8 MWh, emphasizing the strong solar activity during the
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summer. On the other hand, December exhibits the least solar energy output with only 55.43

MWh.

From Figure 24 we can get the understanding of losses. After the deduction of losses this

system is capable to produce 2,851 MWh/year (237.6 MWh/month). The Tisza Dam, located

in Kisköre within Heves County. From 2000 to 2022, the average monthly electricity

consumption in Heves County was recorded at 194.75 kWh. This 2.5 MWp Floating

Photovoltaic (FPV) park, capable of producing approximately 2,851 MWh annually. From

2000 to 2022, the Tisza Dam in Kisköre, Heves County, witnessed an average monthly

electricity consumption of 194.75 kWh. With the estimated annual energy output of this solar

park, nearly 1,220 households within Heves County could be fully powered. Furthermore,

according to Figure 25, this system can offset 14059.3 metric tons of CO2 emissions in 25

years when compared to traditional energy sources.

3.2.4 Economical Aanalysis

In this section economic analysis has been done. Economic Analysis is based on Cost

Analysis and Financial Analysis. Cost Analysis is Divided into two portion- Imported Portion

and Local Portion. Per kWp energy production cost is determined by summation of both

portions. From Financial model mainly we get

Payback Period:

PP =

Rate of Interest

ROI=

Net Present Value (NPV):

NPV=

[CapEx ($) = Equipment Costs + Installation Costs + Permitting Costs + Engineering Costs

+ Land Costs + Other Initial Costs, CFBF ($) = CFO - CapEx]

Average unit cost or levelized cost of electricity/kWh

LCOE =
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Case 1: Ground-Mounted Solar EV Charging Station at Clark Adam Ter, Budapest

Cost Analysis:
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Table 4: Cost proposal for 58.96kWp Grid-tied EV Charging Station-1 at Clark Adam Ter,

Budapest [Own work, Software: Excel]
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Analysis of Cost per Unit Capacity for Ground-Mounted Solar EV Charging Station at

Clark Adam Ter, Budapest:

This aims to provide an analysis of the financial aspects of a proposed Electric Vehicle (EV)

Charging Station, delineating the cost associated with each unit of installed capacity.

Project Specifications: The proposed EV Charging Station is projected to have an installed

capacity of 58.9 kWp58.9kWp.

Financial Overview: The total financial outlay proposed for this project is as follows:

● Total Cost: $48,054 USD

● Equivalent Cost in HUF: 17,539,619.86 HUF (considering an exchange rate of 1 USD

= 365 HUF)

Cost Analysis: To discern the cost efficiency of the installation, we calculate the cost per

watt-peak (Wp) as follows:

1. Cost per Wp in USD: Total Cost (USD)/Total Capacity (kWp)

48,054 USD/58,900 Wp

≈0.815 USD/Wp

2. Cost per Wp in HUF: Cost per Wp (USD)×Exchange rate (HUF/USD)

0.815 USD/Wp×365 HUF/USD

≈297.48 HUF/Wp

Tax Consideration: It is imperative to note that the aforementioned cost includes a tax of

27.5%.
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Financial Model:

Table 5: Financial Model for 58.96kWp Grid-tied EV Charging Station-1 at Clark Adam Ter,

Budapest [Own work, Software: Excel]

Analysis of Financial Model for Ground-Mounted Solar EV Charging Station at Clark

Adam Ter, Budapest:

The table 5 summarize the financial results from an analysis of a project, presumably related

to the EV Charging Station mentioned previously or another energy project. Detailed

calculation has been included in the Appendix A. Here is an interpretation of the results

provided:

1. Payback Period: The project will take 5.11 years to recoup the initial investment

costs. This is a relatively short payback period, which can be considered favorable in

most investment scenarios.

2. Return on Investment (ROI): The ROI of 13.55% indicates a positive profitability

outlook. This percentage shows what the return is on each dollar invested, which in

this case is a 13.55% gain.
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3. Internal Rate of Return (IRR): With an IRR of 20.39%, the project exceeds the

usual benchmark for investment attractiveness. This rate is the interest rate at which

the net present value of the costs of the investment equals the net present value of the

benefits, suggesting good potential for profitability.

4. Net Present Value (NPV): The NPV of the project is 103,321. A positive NPV

indicates that the projected earnings (in present dollars) exceed the anticipated costs

(also in present dollars), making it a financially viable project.

5. Levelized Cost of Electricity (LCOE): The average unit cost or LCOE is $0.06 per

kWh, which represents the per-unit cost (in this case, per kWh) of building and

operating a generating plant over an assumed financial life and duty cycle.

6. Total Interest Paid: The total interest paid over the life of the project is 16,748,

which could be related to the financing of the project. This figure is important for

understanding the cost of the loan or financial leverage used in the project.

7. Operations and Maintenance (O&M) Cost: This is the cost of running the charging

station on a per kWh basis, at $0.021. It is a critical factor for long-term financial

planning as it affects the net cash flow from the project.

These financial indicators suggest that the project is economically feasible with a solid return

and reasonable operational costs. The analysis seems comprehensive and reflects a

well-planned project that takes into account the main financial metrics necessary for thorough

evaluation.

Case 2: Roof Top Model Solar EV Charging Station at Alkotas Utca, Budapest

Cost Analysis:
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Table 6: Cost Proposal for Roof Top Model Solar EV Charging Station-2 at Alkotas Utca,

Budapest [Own work, Software: Excel]
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Analysis of Cost per Unit Capacity for Roof Top Model Solar EV Charging Station-2 at

Alkotas Utca, Budapest:

This aims to provide an analysis of the financial aspects of a proposed Electric Vehicle (EV)

Charging Station, delineating the cost associated with each unit of installed capacity.

Project Specifications: The proposed EV Charging Station is projected to have an installed

capacity of 29.48 kWp.

Financial Overview: The total financial outlay proposed for this project is as follows:

● Total Cost: $38,062 USD

● Equivalent Cost in HUF: 13,892,612.66 HUF (considering an exchange rate of 1 USD

= 365 HUF)

Cost Analysis: To discern the cost efficiency of the installation, we calculate the cost per

watt-peak (Wp) as follows:

3. Cost per Wp in USD: Total Cost (USD)/Total Capacity (kWp)

38,062 USD/29,480 Wp

≈1.291 USD/Wp

4. Cost per Wp in HUF: Cost per Wp (USD)×Exchange rate (HUF/USD)

1.291 USD/Wp×365 HUF/USD

≈ 471.26 HUF/Wp

Tax Consideration: It is imperative to note that the aforementioned cost includes a tax of

27.5%.
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Financial Model:

Table 7: Financial Model for Roof Top Model Solar EV Charging Station-2 at Alkotas Utca,

Budapest [Own work, Software: Excel]

Analysis of Financial Model for Roof Top Model Solar EV Charging Station-2 at

Alkotas Utca, Budapest

The table 6 summarize the financial results from an analysis of a project, presumably related

to the EV Charging Station mentioned previously or another energy project. Detailed

calculation has been included in the Appendix A. Here is an interpretation of the results

provided:

8. Payback Period: The project will take 7.87 years to recoup the initial investment

costs. This is a relatively short payback period, which can be considered favorable in

most investment scenarios.

9. Return on Investment (ROI): The ROI of 8.28% indicates a positive profitability

outlook. This percentage shows what the return is on each dollar invested, which in

this case is a 13.55% gain.

10. Internal Rate of Return (IRR): With an IRR of 12.37%, the project exceeds the

usual benchmark for investment attractiveness. This rate is the interest rate at which

the net present value of the costs of the investment equals the net present value of the

benefits, suggesting good potential for profitability.
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11. Net Present Value (NPV): The NPV of the project is 32,799. A positive NPV

indicates that the projected earnings (in present dollars) exceed the anticipated costs

(also in present dollars), making it a financially viable project.

12. Levelized Cost of Electricity (LCOE): The average unit cost or LCOE is $0.10 per

kWh, which represents the per-unit cost (in this case, per kWh) of building and

operating a generating plant over an assumed financial life and duty cycle.

13. Total Interest Paid: The total interest paid over the life of the project is 13,702,

which could be related to the financing of the project. This figure is important for

understanding the cost of the loan or financial leverage used in the project.

14. Operations and Maintenance (O&M) Cost: This is the cost of running the charging

station on a per kWh basis, at $0.035. It is a critical factor for long-term financial

planning as it affects the net cash flow from the project.

These financial indicators suggest that the project is economically feasible with a solid return

and reasonable operational costs. The analysis seems comprehensive and reflects a

well-planned project that takes into account the main financial metrics necessary for thorough

evaluation.

Case 3: Floating Solar Park on Tisza Dam, Kisköre

Cost Analysis
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Table 8: Financial Model for Floating Solar Park on Tisza Dam, Kisköre [Own work,

Software: Excel]
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Analysis of Cost per Unit Capacity for Floating Solar Park on Tisza Dam, Kisköre

This aims to provide an analysis of the financial aspects of a proposed Electric Vehicle (EV)

Charging Station, delineating the cost associated with each unit of installed capacity.

Project Specifications: The proposed EV Charging Station is projected to have an installed

capacity of 2.5 MWp.

Financial Overview: The total financial outlay proposed for this project is as follows:

● Total Cost: $1,774,924 USD

● Equivalent Cost in HUF: 647,847,214.73 HUF (considering an exchange rate of 1

USD = 365 HUF)

Cost Analysis: To discern the cost efficiency of the installation, we calculate the cost per

watt-peak (Wp) as follows:

5. Cost per Wp in USD: Total Cost (USD)/Total Capacity (kWp)

1,774,924 USD/2,532,600 Wp

≈0.701 USD/Wp

6. Cost per Wp in HUF: Cost per Wp (USD)×Exchange rate (HUF/USD)

0.701 USD/Wp×365 HUF/USD

≈ 255.80 HUF/Wp

7. Tax Consideration: It is imperative to note that the aforementioned cost includes a

tax of 27.5%.
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Financial Model:

Table 9: Financial Model for Floating Solar Park on Tisza Dam, Kisköre [Own work,

Software: Excel]

Analysis of Financial Model for Floating Solar Park on Tisza Dam, Kisköre

The table 9 summarizes the financial results from an analysis of a project, presumably related

to the EV Charging Station mentioned previously or another energy project. Detailed

calculation has been included in the Appendix A. Here is an interpretation of the results

provided:

15. Payback Period: The project will take 4.58 years to recoup the initial investment

costs. This is a relatively short payback period, which can be considered favorable in

most investment scenarios.

16. Return on Investment (ROI): The ROI of 15.26% indicates a positive profitability

outlook. This percentage shows what the return is on each dollar invested, which in

this case is a 13.55% gain.

17. Internal Rate of Return (IRR): With an IRR of 22.80%, the project exceeds the

usual benchmark for investment attractiveness. This rate is the interest rate at which

the net present value of the costs of the investment equals the net present value of the

benefits, suggesting good potential for profitability.
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18. Net Present Value (NPV): The NPV of the project is 4,722,755. A positive NPV

indicates that the projected earnings (in present dollars) exceed the anticipated costs

(also in present dollars), making it a financially viable project.

19. Levelized Cost of Electricity (LCOE): The average unit cost or LCOE is $0.055 per

kWh, which represents the per-unit cost (in this case, per kWh) of building and

operating a generating plant over an assumed financial life and duty cycle.

20. Total Interest Paid: The total interest paid over the life of the project is 638,973,

which could be related to the financing of the project. This figure is important for

understanding the cost of the loan or financial leverage used in the project.

21. Operations and Maintenance (O&M) Cost: This is the cost of running the charging

station on a per kWh basis, at $0.012. It is a critical factor for long-term financial

planning as it affects the net cash flow from the project.

These financial indicators suggest that the project is economically feasible with a solid return

and reasonable operational costs. The analysis seems comprehensive and reflects a

well-planned project that takes into account the main financial metrics necessary for thorough

evaluation.

3.3 Comprehensive Review Analysis on Geothermal Energy in Hungary

Hungary, a country in the central Europe, has a population of around 10 million people and

features Budapest as its capital. The country's economy demonstrates strengths in different

economic metrics, with high technological exports and charges for the use of intellectual

property standing out as important elements. In terms of energy resources, Hungary has

minimal fossil fuel reserves, with the majority of confirmed reserves being coal. Renewable

energy indices in Hungary, such as solar, geothermal, and wind potential, are quite low9.

Despite Hungary's large geothermal potential and existing district heating infrastructure, the

government's lack of effort in exploiting geothermal energy has been a matter of concern. The

country operates roughly 180 wind turbines but may greatly boost its wind energy production

by adding taller towers. Hungary's climate, with extended hours of sunshine, makes it

9 Energy industry in Hungary. (2023, March 23)

https://aenert.com/countries/europe/energy-industry-in-hungary/ accesses 31 October 2023.
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well-suited for solar power generation, and both businesses and households are increasingly

turning to solar energy to battle growing energy bills. Hydropower, although less variable

than wind or solar power, remains relatively insignificant in Hungary's renewable energy

mix. While Hungary has the potential for renewable energy, the shift to a sustainable,

renewable-based economy is a long-term enterprise and not without hurdles. F. Pikler et al.

explore the global consumption of geothermal energy, with a particular emphasis on

Hungary's experience [47].

The paper highlights the significance of moderate-temperature thermal water resources as a

potential, yet underutilized, source of geothermal energy. Hungary's distribution of

geothermal wells and favorable geothermal gradients are reviewed, showing the country's

potential for geothermal energy. Additionally, the article analyzes the economic elements of

geothermal heating, stating that investment costs, under favorable conditions, are equal to

those of oil-heated systems, while operational expenses are much cheaper. It also addresses

problems in geothermal installations, such as scale deposition and corrosion, and underlines

the significance of worldwide cooperation in creating geothermal energy solutions.

Furthermore, the report covers Hungary's intentions for future expansions, including

spreading geothermal heating into diverse sectors, such as agriculture and urban regions,

underscoring the nation's pioneering role in geothermal energy utilization. Toth et al. dived

into Hungary's geothermal potential and the production of geo-isothermal maps, filling the

lack of precise geothermal mapping in the country. Hungary's geothermal resources are

considerable, with geological data suggesting a geothermal gradient ranging from 37°C to

45°C per kilometer and a heat flow of 90-106 mW/m² [48]. The new atlas gives valuable

insights, including precise maps showing temperatures of 90°C, 70°C, 60°C, 50°C, and 30°C

at varied depths, catering to practical applications and facilitating investment in clean energy.

The report stresses the economic issues Hungary has, with the nation importing 52% of its

energy, mostly from Russia, and emphasizes the significance of reliable geothermal data to

support renewable energy development. Counties like Csongrád, Békés, and Bükk Mountains

stand out as prospective places, with Csongrád producing 25-30 million m³ of thermal water

yearly, supplying geothermal heating to every town in the county.

Furthermore, major initiatives, like the Miskolc-Mályi Project in Borsod-Abaúj-Zemplén

County, highlight Hungary's developing geothermal-based district heating systems. Lengyel

et al. provide a comprehensive assessment of Hungary's significant geothermal resources.
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Hungary stands apart in Europe due to its geothermal anomaly, where hot water with

temperatures ranging from 110°C to 130°C may be discovered at a depth of 2,000 meters,

predominantly beneath sandstone layers holding an estimated 2,500 km3 of thermal water

[49]. This precious resource has been utilized for different applications, including

balneological purposes and new uses in agriculture, such as heating greenhouses and chicken

farms.

Geothermal heating was originally used in the 1960s, leading to great utilization in

greenhouse heating, especially at the world-leading scale of 2 million. District heating fueled

by geothermal energy was launched in 1985, supplying thousands of households across

various cities. The Hungarian government has played a vital role in helping the development

of geothermal energy with a state-sponsored project, facilitating exploration and resource

estimation. Recent attempts include the GEOTHERM Icelandic-Hungarian Joint Venture,

concentrating on extending geothermal energy uses through joint ventures and spa hotels.

Nevertheless, geothermal energy consumption in Hungary has problems, including economic

obstacles due to high investment prices and variable water flow, as well as environmental

concerns with the disposal of cooled water.

Despite these challenges, geothermal energy retains considerable promise for energy

conservation, with an estimated yearly savings equivalent to nearly 100,000 metric tons of

fuel oil. Nádor et al. [50] conducted a complete review of the condition of geothermal energy

use in Hungary. The report includes vital statistics and data, suggesting that geothermal

energy is a substantial addition to the country's energy landscape. Geothermal district heating

and thermal water heating cascade systems are prominently represented in 23 municipalities,

with an outstanding 223.36 MW installed capacity and annual production of 635.66 GWhth.

Individual space heating, notably linked with spas, is accessible at around 40 locations, with a

77.2 MW capacity and 83.1 GWh yearly production.

Moreover, the agriculture sector plays a major role in direct geothermal use, with heating for

greenhouses and plastic tents accounting for around 358 MW of installed capacity and 803

GWh of annual production. Additionally, the historical relevance of balneology in Hungary,

with over 250 thermal wells generating an installed capacity of 249.5 MWt and a yearly

utilization of roughly 745.5 GWhth, the development of Hungary's first geothermal power

plant in Tura, boasting a 3 MWe capacity, and the growth and challenges of shallow
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geothermal systems, including ground-source heat pumps, are discussed. Currently,

geothermal energy accounts for just 2% of Hungary's heating needs10, with approximately 30

municipalities utilizing it. Hungary's reliance on Russia for 85% of its gas usage and the

state's vested interests in the gas business further complicate the situation.

To exploit geothermal energy for a secure local energy supply and to reduce greenhouse gas

emissions and energy prices, Hungary has to establish more aggressive targets for renewables

and energy efficiency, together with financial incentives and support. With modest

investments, Hungary may greatly boost its geothermal capacity, potentially reaching 10% of

its energy supply and a fourth of its heating demand. Solar power has gained attention

recently, while hydropower remains neglected. Hungary confronts a considerable energy

import dependency, with natural gas and oil making up a significant share of primary energy

consumption. The country's energy infrastructure has a combination of natural gas and oil

facilities, along with some major power plants, such as the Paks nuclear power plant.

Hungary's energy perspective through 2030 intends to reduce emissions, produce more

domestic electricity from carbon-neutral sources, and invest in renewables and energy

efficiency. Hungary has been gradually increasing its renewable energy sector, with biomass

as the primary source until 2015-2016. The government plans to obtain 14.65% of its energy

consumption from renewables by 2020, above the EU's predicted 13%. Biomass and solar

energy have made major contributions to Hungary's renewable energy mix, with 680 MW of

solar capacity now in operation. Solar electricity, particularly household-scale installations,

has been a focal point. Geothermal energy, although largely utilized for heating, showed

promise, with 12 GWh of electricity produced in 2018, a huge rise from zero in 201611.

11 Hungary’s vast geothermal potential – untapped. (2022, July 1)

https://www.euractiv.com/section/energy/news/hungarys-vast-geothermal-potential-untapped/ accessed 2

November 2023.

10 Are Renewables Sustainable in Hungary? (2022, August 16)

https://www.hungarianconservative.com/articles/current/are-renewables-sustainable-in-hungary/ accessed 1

November 2023.
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Wind generating capacity is 330 MW, but recent regulatory changes and constraints have

impeded its development. The launch of the METÁR system in 2017, offering feed-in tariffs

and premium subsidies for renewables, has stimulated interest in solar installations. Solar and

geothermal energy appear to be the future of Hungary's renewables sector, with significant

potential for further development in both fields. Regarding ecology and environmental

protection, Hungary exhibits promising indicators, mainly due to its lower carbon emissions,

forest coverage, and freshwater withdrawals. Nonetheless, the Climate Changing

Performance Index identifies areas for improvement, such as methane emissions and overall

environmental performance.
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Chapter 4: A Spatiotemporal Analysis and Forecasting of Electricity

Generation-Mix in Hungary Using Artificial Analysis (ARIMAModel)

4.1 Introduction

This chapter discusses the approach used in forecasting renewable energy consumption over

the next two decades. We also explain why the ARIMA model was used as the foundation for

predicting. With a systematic approach, it emphasizes the importance of renewable energy in

Hungary's energy planning, security, and sustainability.

4.2 Methodology

Planning and developing sustainable energy policies require accurate forecasts of renewable

energy demand. This methodology describes the forecast of the consumption of renewable

energy, with a concentration on solar energy, for the next 20 years using historical data from

2000 to 2022. The Autoregressive Integrated Moving Average (ARIMA) model, a reliable

time series forecasting method that is well-liked for its capacity to identify time-dependent

patterns, is the foundation of our forecasting strategy. We have opted to utilize

Hungary-based energy consumption and production figures for various compelling reasons.

Firstly, Hungary, like many countries, is actively exploring renewable energy sources to

diversify its energy mix and minimize its dependence on fossil fuels. This transition towards

renewables accords with worldwide efforts to address climate change and attain

sustainability. Our examination of Hungary's renewable energy trends provides insights into

the nation's commitment to a greener and more sustainable future. Hungary's reliance on

fossil fuel supplies from Russia has substantial economic and diplomatic ramifications.

By exploiting its renewable energy potential, Hungary can minimize its dependence on

foreign energy sources and boost energy security. Our research shines a spotlight on the

potential economic benefits of a more self-reliant energy sector. This study extends beyond

the present, estimating energy production and consumption trends from 2022 to 2042 based

on historical data ranging from 2000 to 2022. This forward-looking methodology helps us

foresee the future of Hungary's most critical renewable energy sources. It is an important

component of our study, offering useful insights for policymakers and stakeholders in
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Hungary's energy sector. By studying these facts and anticipating future trends, our research

adds to Hungary's energy planning, underscoring the relevance of renewables for energy

security, sustainability, and economic growth.

4.2.1 Data Preparation

Data collection: The Hungary National Central Statistical Office provided the historical

dataset on energy consumption, which includes solar energy, for the years 2000 to 2022. Our

main data source for analysis is this dataset.

Data cleaning: To manage missing values, outliers, and inconsistencies, the dataset goes

through a thorough cleaning process. To maintain the integrity of the time series, any data

anomalies are resolved.

Data exploration: To obtain an understanding of historical trends, seasonality, and patterns

of renewable energy use, exploratory data analysis (EDA) is carried out. In order to

comprehend the data better, visualization tools are used.

4.2.2 Method Selection

In our study, we looked at various predictive models to find the best one for our forecasting

objective. For dependable and accurate forecasts, choosing the right model is essential. We

compared a number of well-known models, each with its own special method and

mathematical foundation, in order to make an informed choice. These models underwent a

thorough analysis that took into account their advantages, disadvantages, and suitability for

our dataset. We sought to find a model that not only matched the characteristics of our time

series data but also demonstrated excellent predicted performance by taking into account a

wide range of forecasting approaches. This thorough analysis of numerous models highlights

our dedication to providing reliable and accurate forecasts for the patterns of energy usage

over the next 20 years.

Holt’s Winter Model: A variation of the exponential smoothing model that takes into

account both trends and seasonality in time series data is called Holt's Winter Model,

commonly referred to as Triple Exponential Smoothing. It has three parts: level (), trend (),

and seasonal (), all of which are updated at different intervals of time.

Level: Vt = (1 - α) * Vt + α * Lt ……………………………[10]

Vt = the observed value of the time series at the time
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Lt = the estimated level at the previous time

α = parameter for the trend component

Trend:

Tt = estimated trend component at time

α = parameter for the trend component

Yt = the actual observation at time

St = the seasonal component at time

m = the seasonality.

Seasonal: St = β ⋅ (Yt − Tt) + (1 − β) ⋅ St − m ……………………………..(11)

β = parameter for the seasonal component

Tt = estimated trend component at time

Yt = the actual observation at time

m = the seasonality.

St = the seasonal component at time

Polynomial Regression: Regression using polynomials fits a polynomial function to time

series data. By including polynomial terms in a linear regression model, it can capture

nonlinear trends. The complexity of the model depends on the degree of the polynomial.

……………………………. (12)

Support Vector Regression: Support Vector Regression is a machine learning approach that

models time series data using support vector machines. It transposes the data into a

higher-dimensional space and identifies a hyperplane that minimizes prediction errors while

providing the greatest fit for the data.

……………………………. (13)
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Prophet Model by Facebook: The Facebook Prophet Model is made to predict time series

data with daily observations that show trends over a range of time scales. Using additive

modeling, it divides time data into trend, seasonality, and holiday effects.

y(t) = g(t) + s(t) + h(t) + e(t) ……………………………. (14)

Gated Recurrent Unit (GRU): Another recurrent neural network called a GRU streamlines

LSTM by employing only two gates: reset and update gates. Short- and long-term

dependencies can be captured by GRU, which is effective.

Seasonal Decomposition of Time Series (STL): Time series data are divided into seasonal,

trend, and residual components by STL. It is an effective tool for breaking down complicated

time series.

Gaussian Process Regression (GPR): Each point in the series is viewed as a sample from a

Gaussian distribution by GPR, which models time series data as a probabilistic process. It can

capture forecast uncertainty.

Exponential Smoothing State Space Model (ETS): The level, trend, and seasonality of

time series data are captured by ETS models using exponential smoothing. To handle varied

patterns, they offer numerous versions, such as ETS (AAA) and ETS (MAM).

Arima Model: In statistics and econometrics, the Autoregressive Integrated Moving Average

(ARIMA) model is a reliable and popular time series forecasting method. When working with

time-dependent data, such as stock prices, economic indicators, and climate variables, where

the historical observations are connected and reveal patterns over time, ARIMA models are

particularly efficient. In order to give exact short- and long-term forecasting, ARIMA models

seek to detect the underlying structure and patterns in a time series collection. The very

versatile ARIMA model can handle a wide range of time series patterns, including trends,

seasonality, and intricate interactions. They need rigorous validation and judicious model

order selection to ensure credible forecasts. The ability of ARIMA to handle seasonality and

exogenous variables is further strengthened by extensions like seasonal ARIMA (SARIMA)

and state space models.
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ARIMAModel Definition:

The autoregressive (AR) component indicates the link between the time series' present value

and its historical value. The order of the autoregressive component, "p" is used to denote it in

the form of AR(p). An AR (p) model is defined mathematically as:

……………………………. (15)

The validation set is used to optimize the parameters of the ARIMA model. For the best

model fit, various p, d, and q combinations are tested.

According to our analysis, ARIMA is a good option for time series forecasting when

non-stationarity in the data is present and simplicity, interpretability, and historical

performance are important considerations. The specific properties of the dataset and the

objectives of the forecasting activity should, however, always be taken into consideration

when selecting a model. To choose the appropriate method for a specific dataset, model

selection and validation should be carried out. There are a number of specific reasons why

using the ARIMA (Auto Regressive Integrated Moving Average) model is preferable to

alternative models.

Differencing and Stationarity: ARIMA models are built to handle non-stationary time

series data. Since many time series data sets from the actual world are non-stationary, their

statistical characteristics fluctuate with time. ARIMA is a good option for modeling a variety

of time series because it can differentiate such data into stationary form. Differentiating is a

technique that ARIMA uses to produce stationary data by reducing or eliminating trends and

seasonality. When working with data that has trends or seasonality, this is quite helpful.

Simplicity and Parsimony: When compared to more complicated neural network models

like LSTM and GRU, ARIMA models are comparatively simple and parsimonious. When

working with scant data, simplicity might be advantageous because it lowers the chance of

overfitting. The few parameters that need to be estimated for ARIMA models are p, d, and q,

where p stands for autoregressive order, d for differencing order, and q for moving average

order. When analyzing tiny datasets, where sophisticated models could overfit, this simplicity

might be useful.
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Interpretable Components: ARIMA models divide time series data into understandable

parts, such as moving average (MA) and autoregressive (AR) terms. This breakdown enables

a clear grasp of how prior values and prior errors affect projections for the future. Using a

linear mixture of prior data and mistakes, ARIMA conveys forecasts. The time series'

underlying dynamics may be better understood because of this transparency.

Historical Performance: Time series forecasting is essential in many disciplines, including

finance and economics, where ARIMA has a demonstrated history of success. In multiple

applications over a long period of time, its usefulness has been proven. ARIMA may be

better at handling time series dynamics than Holt's Winter Model, Polynomial Regression,

and Support Vector Regression, particularly when working with non-stationary data.

Although Facebook Prophet, LSTM, GRU, and GPR are strong models, they can be

expensive to compute and may need larger datasets to perform better than ARIMA.

Alternatives include ETS, STL, and VAR, however, they might not always be as effective at

capturing intricate temporal connections as ARIMA.

Evaluation: Statistical measurements like Mean Absolute Error (MAE) and Root Mean

Square Error (RMSE) are used to carefully evaluate the performance of the ARIMA model.

To make sure they have white noise properties, the residuals of the model are also examined.

RMSE = √ (Σ(Pi - Ai)² / n)……………………………..(16)

We anticipate renewable energy use over the following 20 years, from 2023 to 2042, using

the verified ARIMA model. This extended prediction offers insightful information about

potential trends. To express how uncertain the forecasts are, prediction intervals are

calculated. Understanding the variety of potential outcomes is aided by this.

4.3 Results

Production and Consumption of Primary Renewable Energy Sources by Source of

Energy (10):

Production

The input dataset depicts Hungary's use and production of primary renewable energy sources

from 2000 to 2021. Hydro, wind, geothermal, solar, biogas, biofuels, biomass, and renewable
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municipal waste are all included. We can observe that traditionally, fuel energy was used and

produced more, but the usage of renewable energy has increased in recent years.

Figure 26: Projection of Production from Primary Renewable Energy Sources Until 2041

[Own work, Software: Python]

The predicted output, which spans the years 2022 to 2041, anticipates Hungary's potential

renewable energy consumption and indicates a favorable trajectory, with a rise in renewable

energy consumption projected during the forecast period. Hydro energy consistently

contributes around 232 GWh each year. Wind energy begins at about 664 GWh in 2022 and

marginally decreases to around 653 GWh by 2041. Geothermal energy shows a growth from

approximately 1871 GWh in 2022 to around 2372 GWh in 2041. Solar energy consumption

witnesses a notable rise, starting at 5424 GWh in 2022 and escalating to nearly 32911 GWh

by 2041. Both biogas and biomass hover steadily across the years, with biogas averaging

around 935 GWh and biomass at about 25965 GWh annually. Lastly, the renewable part of

municipal waste remains nearly constant each year at around 975 GWh. This comprehensive

data signifies Hungary's dedication to utilizing a varied spectrum of renewable energy

resources, ensuring a sustainable energy future while diminishing reliance on non-renewable

sources.

Consumption

The graph presents a comprehensive overview of Hungary's projected energy production

from renewable sources between 2022 and 2041. Notably, hydro energy exhibits remarkable

consistency, stabilizing at approximately 232 GWh annually. Wind energy, while beginning at

664 GWh in 2022, sees a minor reduction, steadying around 653 GWh by the end of the
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forecast period. Geothermal energy, on the other hand, starts at 1870 GWh and experiences a

gradual ascent, reaching 2371 GWh by 2041. Most prominent is the solar energy sector,

projected to undergo a substantial surge from 5424 GWh in 2022 to a remarkable 32910

GWh in 2041. Biogas remains relatively unchanged around 973 GWh, while biofuels see a

nominal increment from 951 GWh to 998 GWh by 2040. Biomass is poised to maintain

stability, initiating at 25578 GWh and concluding at roughly 26089 GWh in 2041. Lastly, the

renewable component of municipal waste remains fairly constant, averaging 642 GWh.

Overall, the data accentuates Hungary's progressive trajectory in renewable energy

production, with a pronounced emphasis on solar energy, underscoring its potential as a

significant contributor in the upcoming decades.

Figure 27: Projection of Consumption from Primary Renewable Energy Sources Until 2041

[Own work, software: Python]

Production of Primary Energy in Calorific Values

From 2000 through 2021, the input dataset shows Hungary's use of primary renewable energy

sources. Coal, petroleum and petroleum products, natural gas, combustible renewables and

wastes, nuclear power, hydropower, wind power, and other non-combustible renewables are

among these sources. There has also been a shift in recent years toward higher usage of

renewable energy sources, showing a growing emphasis on sustainability and less reliance on

traditional fuel sources. A consistent consumption of coal is observed throughout the period,

stabilized at approximately 1000 GWh. Petroleum and petroleum products exhibit a gradual

ascent from 12618 GWh in 2022 to 12776 GWh by 2041. Conversely, natural gas usage

remains relatively invariant, approximating 13610 GWh annually. A noticeable trend is
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discerned in the consumption of combustible renewables and wastes, initiating at 34135 GWh

in 2022 and culminating at 35551 GWh by 2041. Nuclear power, another significant

contributor, progresses from 48202 GWh in 2022 to 50705 GWh in 2041. Hydropower's

contribution remains steadfast around 205 GWh annually. A slight decline is evident in wind

power utilization, descending from 594.50 GWh in 2022 to 540.40 GWh by 2041. Most

prominently, other non-combustible renewables surge from 7679.40 GWh in 2022 to a

substantial around 20000 GWh in 2041. In summation, Hungary's future energy paradigm

underscores a commitment to diversifying its energy portfolio, with an appreciable shift

towards sustainable and non-traditional renewables, ensuring a pragmatic and

environmentally conscious energy trajectory for the subsequent two decades.

Figure 28: Projection of Production of Primary Energy Until 2041 [Own work, software:

Python]

Gross Electricity Production

The input information contains a variety of elements that contribute to Hungary's Gross

Electricity Production from 2000 to 2022. These constituents include nuclear, coal, and coal

products, petroleum products, biomass, biogas, renewable municipal waste, hydro, wind,

solar, and geothermal. The graph delineates Hungary's gross electricity production spanning

from 2022 to 2041. Nuclear energy, a dominant component, remains relatively stable

throughout the period, hovering around 15862 GWh. The coal and coal derivatives category

start at 2908 GWh in 2022 and demonstrate a consistent decline, reaching 893 GWh by 2041.

Natural gas follows a similar trajectory, beginning at 8667 GWh and reducing to 8529 GWh

over the two-decade span. Interestingly, the petroleum products category exhibits negative
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values, suggesting a possible net consumption or decrease in stored energy. Biomass and

biogas exhibit slight fluctuations, but generally stabilize around 1654 GWh and 1663 GWh,

respectively.

The renewable energy sectors project a promising growth trend. Hydroelectric energy

maintains consistency at approximately 202 GWh. Wind energy starts at 207 TWh and sees a

moderate increase to 549 GWh by 2041. The most pronounced growth is observed in solar

energy, which initiates at 6487 GWh and leaps dramatically to 12850 GWh by the end of the

forecast period. Geothermal energy remains fairly stable at around 315 GWh, with negligible

fluctuations. Other sources experiences minor variations but roughly averages 302 GWh

throughout the examined timeframe. In summation, Hungary's electricity production

landscape over the projected period indicates a paradigm shift towards renewable sources,

particularly solar energy. The reduction in coal and natural gas usage, coupled with the surge

in renewables, underlines Hungary's commitment to sustainable energy transitions and

decarbonization strategies in the electricity sector.

Figure 29: Projection of Gross Electricity Production Until 2041 [Own work, software:

Python]

Share of Use of Renewable Energy Sources in Gross Final Energy Consumption

From 2000 to 2021, this graph depicts the Share of Renewable Energy Sources in Gross Final

Energy use, which includes aspects relating to electricity use, heating and cooling, and

transportation. During that time period, there was a considerable increase in the usage of

renewable energy in electricity consumption as well as the heating and cooling sectors. Over

the years, power consumption exhibited a modest increase, from 14.63 % in 2022 to 15.40 %
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in 2041, demonstrating a consistent growth tendency. In contrast, heating and cooling

displayed a modest reduction, with values decreasing from 17.76% in 2022 to 17.15% in

2041. Similarly, the transport sector showed a fall, decreasing from 8.75 % in 2022 to 7.77%

in 2041, implying a contraction in consumption in this sector as well. Our estimate also

predicts that in the next two decades, these sectors will be entirely reliant on renewable

energy. Though the transportation sector has room for development, there are various reasons

why renewable energy should not be used in this sector. Because of existing infrastructure,

such as gasoline and diesel refill facilities, the transportation sector relies significantly on

traditional fossil fuels. Transitioning to renewable energy sources, such as electric vehicles

(EVs), necessitates a major revamp of infrastructure, such as charging stations and battery

technologies. Furthermore, because fossil fuels have a high energy density, they are suitable

for long-distance transit and heavy-duty applications. While ecologically benign, renewable

energy sources such as batteries and hydrogen may not provide the same energy density and

range, which can be a hindrance for some transportation needs.

Figure 30: Projection of Share of Use from Renewable Energy Sources in Gross Final Energy

Consumption Until 2041 [Own work, software: Python]

Share of Electricity Produced from Renewable Energy Sources

This graph represents the forecast of the share of electricity generated by renewable energy

sources. Hydro and wind power have continuously performed well throughout the years,

contributing significantly to the share of electricity generated by renewables. Their

performance has been consistent, and they continue to be important contributors. Solar

energy has made a significant contribution over time, and it is predicted that by 2041 around
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115 GWh energy could be generated from Solar. Biomass energy production started at

20.31GWh in 2022 and exhibited a progressive reduction, reaching 17.14 GWh in 2041.

Biogas output remained generally consistent, with a modest fall from 4.38 GWh in 2022 to

4.34 GWh in 2041. Wind energy production also marginally fell from 8.42 GWh in 2022 to

6.89 GWh in 2041. The data reveals a move towards higher reliance on certain renewable

sources while others remain stable or fall marginally. While it had little presence in 2000, it

has seen significant expansion in recent years (2020-2021). This demonstrates a growing

trend toward using solar energy to generate power. Biomass and biogas, on the other hand,

have been very consistent providers, with some swings. They are still present, although their

expansion has been low in comparison to other sources. Our forecast expresses solar energy's

dominance over the next two decades.

Figure 31: Projection of Share of Electricity Produced from Renewable Energy Sources Until

2041 [Own work, software: Python]

Share of Renewable Energy in Energy vs Share of Renewable Energy in Electricity

Share of renewable energy in Energy vs share of renewable energy in Electricity presents

Hungary's evolving commitment to renewable energy from 2022 to 2041. Over the span of

these two decades, the share of renewable energy in the country's overall energy consumption

sees a steady rise from 14% in 2022 to about 16% by 2041. Meanwhile, a parallel yet more

pronounced growth is observed in renewable energy's contribution to electricity consumption.

Starting at 15% in 2022, it reaches 25% by 2041. This suggests not only a consistent national
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shift towards renewable energy sources but also indicates that the electricity sector is

spearheading this transition with a faster adoption rate compared to the broader energy sector.

Figure 32: Projection of Share of Renewable Energy in Energy vs Share of Renewable

Energy in Electricity Until 2041 [Own work, software: Python]

Primary Energy Balance

Primary energy balance graph provides an overview and gives a clear prediction of Hungary's

energy situation from 2022 to 2041. From 2022 to 2041, Hungary's energy production starts

at about 124710 GWh and slightly drops to 122822 GWh by the end. This means that over

these 20 years, while energy production reduces a bit, it doesn't change drastically.

Throughout this period, imports consistently maintained at 235227 GWh. Exports, starting at

42629 GWh in 2022, display minor fluctuations but average around 42905 GWh over the two

decades. Lastly, when we look at the total energy consumed, it starts at 304041 GWh in 2022

and settles close to 304778 GWh by 2041. So the projection about Hungary's energy

landscape over these two decades is steady. Production dips a little, imports stay the same,

exports wobble a bit, but overall consumption remains pretty stable.
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Figure 33: Projection of Primary energy balance Until 2041 [Own work, software: Python]

Energy Dependency

Energy dependency provides a chronological overview of Hungary's reliance on energy

imports in relation to its total energy consumption from 1990 to 2042. In 1990, Hungary's

energy dependency stood at 46%, indicating that nearly half of its energy consumption was

sourced from imports. This ratio experienced fluctuations, reaching its highest at 63% in

2006. This suggests that in that year, a significant majority of Hungary's energy needs were

met through imported sources. Following 2006, there was a notable reduction, with the ratio

dipping to 49% by 2013. However, starting from 2023, there appears to be a stabilization in

Hungary's energy dependency, consistently hovering around 61% for two decades. Analyzing

this data, it's evident that Hungary's energy consumption patterns have varied, but there

remains a significant dependence on import energy from other countries specifically from

Rasia across the years.

Figure 34: Projection of Energy Dependency Until 2041 [Own work, software: Python]
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Several important conclusions are drawn after studying the dataset. At first glance, it is clear

that Hungary has made great progress toward diversifying its energy supply, with a

noteworthy rise in the proportion of renewable energy sources over time. Notably, the use of

Solar energy has increased significantly, reflecting a global movement to tap into these

renewable resources. Our analysis and predictive models show that this positive trend is

likely to continue over the next two decades. ARIMA model predicts that the share of

renewable energy sources will continue to expand, with solar energy in particular primed for

large growth.

85



Chapter 5: Hungary Energy Policy Review and Analysis

5.1 Introduction

In the context of global concerns over climate change and the urgent need to shift towards

sustainable and renewable energy sources, Hungary has established ambitious objectives for

its energy strategy, outlining a long-term trajectory that spans until the year 2040. The

dedication of the Hungarian government to attaining these objectives signifies a noteworthy

advancement towards a more sustainable and ecologically conscious energy framework.

Central to this vision is the usage of renewable energy sources, with the integration of

photovoltaic (PV) technology into electric car charging stations serving as a crucial element

of this shift.

The objective of this policy assessment is to conduct a thorough evaluation of the viability

and efficacy of Hungary's 2040 energy objectives, with specific emphasis on the

incorporation of photovoltaic (PV) technology into the infrastructure for charging electric

vehicles. Through conducting a thorough analysis, our aim is to assess the compatibility

between these objectives and the anticipated results of our investigation. The chapter aims to

shed light on the implications, challenges, and potential benefits of this policy initiative. The

results of our study will provide significant contributions to policymakers, stakeholders, and

individuals dedicated to promoting a sustainable and ecologically aware future in Hungary.

5.2 Energy Policy Review Focusing on Solar Power

The energy revolution has quickly spread throughout the globe, influencing energy supply

systems and the ways in which individuals and businesses may aid in speedy decarbonization.

As solar and wind energy progressively displace coal, natural gas, and nuclear energy as the

world's primary energy sources, the power sector is taking the lead in the shift.

The EU has committed in 2030 climate and energy framework to a clean energy transition

that will help achieve the climate change objectives of the Paris Agreement and offer clean

energy to everyone uphold this commitment, the EU has set legally binding climate and

energy targets for 2030, which include a minimum 40% reduction in greenhouse gas

emissions, a minimum increase in energy efficiency, a minimum increase in the share of
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renewable energy in EU energy use, and a minimum 15% level of electricity interconnection

between neighboring Member States [60].

To elaborate further, The European Parliament and the Council passed Regulation (EU)

2018/1999 in 2014, establishing a 2030 Framework for Energy and Climate for the Union. It

is based on four major Union-level targets: a reduction of at least 40% in overall GHG

emissions, an indicative target of at least 27% improvement in energy efficiency, to be

reviewed by 2020 with a view to raising the level to 30%, an at least 27% share of renewable

energy consumed in the Union, and at least 50% electricity interconnection. It was said that

the Member States' contributions will be driven by the need to meet the Union's binding

renewable energy target. An amendment to Directive 2009/28/EC of the European Parliament

and of the Council established a new, obligatory target for the Union's renewable energy

share of at least 32% for the year 2030. With a provision for a review with a view to

upgrading the Union-level objectives, the European Parliament and Council modified

Directive 2012/27/EU to set the Union-level aim for energy efficiency improvements in 2030

to at least 32,5%. [61]

The governments of Europe and members of the European Parliament approved a

comprehensive package of EU regulations between 2014 and 2018, defining new, legally

enforceable goals for energy and climate policy in Europe with a focus on 2030. The Member

States of the European Union will achieve the following goals by 2030:

1) cut their greenhouse gas emissions by 40% compared to 1990 levels

2) improve their economies' energy efficiency by 32.5% compared to a baseline; and

3) increase the proportion of renewable energies in final energy consumption from roughly

20% today to 32% in 2030. A political vision for attaining a Net Zero economy by 2050 was

also provided by the European Commission in November 2018 together with the analytical

underpinnings for the creation of an EU long term strategy for climate and energy policy

[62].

The report Renewables 2022, Analysis and Forecast to 2027 by the International Energy

Agency is based on recent changes in market conditions and policy of the industry of

renewable energy. It projects the adoption of renewable energy technologies for power,
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transport, and heating through 2027 while also examining the major issues facing the sector

and identifying roadblocks to quicker expansion [66].

The report specified, as in recent years the European Commission predicts that in order to

achieve the REPowerEU plan's goal of drastically reducing reliance on Russian fossil fuels

by 2027, the percentage of renewable energy in the power, transport, and heating sectors

would need to be significantly increased although none of these sectors' levels are in line with

the REPowerEU strategy.

Supporting the previous argument the report provided an example, the proportion of

renewable energy in electricity increases to about 55% by 2027, but this is still much less

than the 69% share that the European Commission believes is required to sustain the

REPowerEU plan. Governments across the European Union will need to reduce policy

uncertainty, streamline the permission process, and quicken transmission and distribution

network improvements in order to support additional growth. Expanding the use of renewable

energy in the heating and transportation sectors also requires increasing the production of

renewable electricity, which can be used to generate green hydrogen and power heat pumps

and electric cars.

The report also cited as a primary instance, the predicted REPowerEU demand for transport

is less than half, or 16%, of renewable energy by 2027. To restrict or decrease energy demand

and increase the percentage of renewables in final energy consumption, member states will

need to harmonize their domestic policies, quicken the deployment of biofuels, and

strengthen conservation and efficiency measures.

According to the European Energy Transition 2030: The Big Picture report, for the desired

shift in energy transition, wind and solar to make up more than half of the growth in

renewable energy generation, they must both triple in size. In the scenarios presented by the

Commission, relative growth for biomass will be less than 50%, but absolute growth would

be highest. Hydro and geothermal energy will increase a little. Renewable energy sources will

be employed more and more in heating, cooling, and transportation, with the electricity sector

being their most significant use. In addition to the direct use of renewables like solar thermal,

geothermal, and biomass for heating and cooling as well as advanced biofuels in

transportation (primarily for aviation and shipping purposes), deep decarbonization will be

facilitated by these methods as well [63].
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In recent years, the cost of energy produced by wind and solar power facilities has

significantly dropped. New wind and solar projects are now more cost-competitive than new

coal, gas or nuclear power facilities in a growing number of global countries [64].

Costs will continue to decrease, according to the results of competitive bidding for projects

that will be completed over the next few years. Prices for solar and wind energy have been as

low as 3 cents per kilowatt hour globally, and bids as low as 5 cents have been made in a

number of EU Member States. A crucial economic tipping point will soon be reached when

running current fossil fuel facilities will become more expensive than developing new wind

and solar projects in the EU [65].

According to EU legislation, each Member State of the EU must create a 10-year National

Energy and Climate Plan (NECP) in order to meet the EU targets. This plan must include a

binding national target for reducing greenhouse gas emissions that are not already covered by

the EU Emissions Trading System (ETS). The NECP drafts have all been examined by the

European Commission.

Hungary has taken into consideration existing national goals, programmes, and policies in the

National Energy and Climate Plan (NECP). The new National Energy Strategy, which is

being developed at the same time as the NECP, and the NECP's development are closely tied

in terms of substance and development. The plan also aligns with the policy directives

outlined in the First Climate Change Action Plan (CCAP) and Second National Climate

Change Strategy (NCCS 2), both of which were approved by Parliament in the autumn of

2018 as well as with the National Development and Spatial Development Concept, which

outlines Hungary's development and spatial development goals through 2030.

The main goals of the new energy strategy of the National Energy and Climate Plan (NECP)

are to increase energy security and sovereignty, maintain savings from lower overhead costs,

and achieve the decarbonization of energy production, which can only be done by utilizing

both nuclear power and renewable energy sources simultaneously. Energy sovereignty is a

matter of welfare, economics, and national security for nations like Hungary which have

limited access to traditional energy sources [68].

In accordance with the Second National Climate Change Strategy, which was approved in

2017, Hungary has established climate goals until 2030 with an eye towards 2050. Stronger
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integration of policies and measures in line with goals and targets would be beneficial for a

solid final plan.

In the support of EU climate goal Hungary wants to cut its greenhouse gas emissions by at

least 40% by 2030 compared to 1990, which means that in 2030, total emissions cannot

exceed 56.19 million t CO2eq, a reduction of 7.6 million t CO2eq from the amount for 2017

according to National Energy and Climate Plan.

According to the National Clean Development Strategy 2020-2050, 2021 claims that

Hungary starts this endeavor from a strong position, being among the few countries since

1990 where the gross domestic product (GDP) has increased while CO2 emissions decreased,

by 33%. This confirms that climate protection, economic growth, and energy security are not

necessarily conflicting objectives [69].

The energy sector, which includes the energy supply and consumption of other sectors (such

as tertiary or residential sectors) as well as the industry, transportation, and other sectors,

plays the largest influence in lowering emissions.

In the report, Eurostat data projection based on HU-TIMES modeling explains that the

ultimate energy usage between 2016 and 2050 may be decreased from 733 PJ to 662 PJ under

the Business-as-usual (BAU) scenario. This, however, would not be sufficient to achieve

climate neutrality by 2050. By 2050, the Early Action (EA) climate neutrality scenario and

Late Action (LA) climate neutrality scenarios predict that the ultimate energy consumption

will be 538 PJ and 484 PJ, respectively. The projection indicates how early and late action

can create a significant impact on Hungarian emission reduction measures with the timeline.
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Source: Eurostat data, projection based on HU-TIMES modeling results.

Figure 35 – Composition of final energy consumption by sector under the three scenarios

examined, 2016–2050 (Source: Adapted from National Clean Development Strategy

2020-2050 report)

According to the National Energy and Climate Plan in Hungary, the proportion of renewable

energy in 2017's gross final energy consumption was already 13.3%. With the use of biomass,

the proportion of renewable energy in gross final energy consumption rose from 1994 to 2017

from 2.2% to 7.5% for power consumption, from 0.9% to 6.8% for transportation, and from

6.5% to 19.6% for heating and cooling. The heating industry in Hungary makes the most of

its potential for utilizing renewable energy; in 2016, 83% of it was utilized for heating and

cooling, 9% for the production of electricity, and 8% for transportation [68].

As the transportation sector contributes to a significant level of total carbon emission,

Hungary wants to use a minimum of 14% renewable energy in the transport sector by 2040.

To achieve this goal, Hungary will raise the proportion of first-generation biofuels derived

from food crops and fodder plants in the final energy consumption of transportation to around

7% and the proportion of second-generation (or advanced) biofuels derived from waste and

biogas to 3.5%.3 By significantly increasing the use of electricity in transportation, the

remaining portion of the aim will be reached. Hungary aims to get at least 20% of its total

final gross energy consumption from renewable sources by the year 2030. The growth of PV

capacity, which will increase from just under 680 MW in 2016 to almost 6 500 MW by 2030,

is at the centre of "greening" the power sector.

According to Hungary Policy Review, 2022 by the International Energy Agency found the

increasing trend of solar power generation as a renewable energy source in Hungary. With the
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exception of solar, which experienced a dramatic growth from 70 MW in 2017 to 1 839 MW

as of the end of February 2022 (excluding standalone PV), the installed capacity of power

production sources has stayed steady [70].

From 1 MW in 2010 to 1 400 MW in 2019, the total installed capacity of solar PV rose

significantly since 2016, driven by the wide deployment of solar PV and by 1 April 2022, it

had surpassed 3 000 MW. The government's main objective for renewable energy in the

electrical sector is to increase the deployment of solar power. By 2030, the government hopes

to have a solar power capacity of 6.5 GW and by 2040, 12 GW, or more than 6 000 MW.

Solar PV made up 7% of Hungary's power mix in 2020.

As a promising project, without any financial assistance in 2021, an investment in a

utility-scale solar PV plant was made, only depending on the anticipated increase in European

power costs going forward. A 1.3 MW solar power plant in Tolna, central Hungary, was

created as part of the project by Dutch company Photon Energy.

According to the Hungarian National Clean Development Strategy 2020-2050 Report, the

government introduced a new grant program for families with salaries below the average

Hungarian income in October 2021. It is anticipated that two-thirds of the recipients will get

assistance with mounting solar panels on their roofs and that a further third will receive

assistance with updating their windows and electrifying their heating systems (by installing

heat pumps). The program aims to have at least 200,000 households with roof-mounted PV

panels with an average capacity of 4 kW by 2030 [69].

Together with refundable subsidies from operational programs, support for the installation of

PV panels intended to replace power usage for individual and communal uses is envisaged

for the programming period of 2021–2027.

5.3 Energy Policy Analysis

Although the government's renewable energy goals for the electrical sector are highly

ambitious, they are consistent with the nation's growing trend and potential for solar power

and the forecast of the study supports the trend as well.
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As the government's main objective for renewable energy in the electrical sector is to increase

the deployment of solar power and by 2030, the government hopes to have a solar power

capacity of 6.5 GW and by 2040, 12 GW, or more than 6,000 MW.

This goal is amply supported by the projected value of solar power generation for 2030 in the

study. Hungary is positioned to produce a significant quantity of solar energy with an

installed capacity of 6.5 GW by the year 2030 and according to the projection of the study by

the same year, the solar capacity will reach 8.554 GW which is more than the target and

justifies the national policy.

Similarly, the projected value for the next decade is also significantly promising. 16.554 GW

of solar power is expected to be produced in the year 2040 and the Hungarian government's

goal of doubling solar capacity by that year is 12 GW. The substantial increase in solar power

generation and the projected value exceeding the national target is noteworthy, reasonable,

and well-founded. In the decade of 2050, solar energy may be a major component of

Hungary's energy mix which will improve its energy security and help it reach renewable

energy and climate targets.

In the year 2020, solar photovoltaic (PV) energy accounted for 7% of Hungary's overall

power composition. This demonstrates the increasing significance of solar energy in the

nation's power production, and it is anticipated to assume an even more prominent position in

the foreseeable future.

As per The National Energy and Climate Plan, Hungary aims to get at least 20% of its total

final gross energy consumption from renewable sources by the year 2030. In our projection,

the share of renewable energy in the country's overall energy consumption sees a steady rise

from 14% in 2022 to about 37% in 2030 and 39% by 2041 over the span of two decades with

the current set up which does meet the target.

Hungary wants to use a minimum of 14% renewable energy in the transport sector by 2030.

However, our projection shows that the recent renewable energy consumption trend in the

transportation sector showed a fall, decreasing from 8.75 % in 2022 to 7.77% in 2041,

implying a contraction in consumption in this sector. The projected value of the National

Energy and Climate Plan supports the targeted 14% renewable share in the transportation

sector to 16.9% by 2030 as a result of additional measures which have not yet been detailed.
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For both cases, introducing a PV system in the EV charging station can contribute as one of

the potential measures. Our estimate predicts that with necessary developments in the next

two decades, these sectors will be able to meet the targets easily and it is possible for the

transportation sector to be entirely reliant on renewable energy. The transportation sector has

room for development in terms of the shift towards renewable energy share.
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Chapter 6: Discussion and Conclusion

This thesis has delved into the multifaceted aspects of renewable energy implementation with

a particular focus on the spatiotemporal analysis and forecasting by AI utilizing the ARIMA

Model. Furthermore, it has scrutinized the existing Hungarian energy policies to understand

their alignment and support for renewable energy initiatives.

The long-term dependence of Hungary on fossil fuels and nuclear energy serves as an

indicative representation of a more extensive pattern that has been visible in numerous

European countries. The Paks Nuclear Power Plant's significant presence along the Danube

River serves as an indicator to a strategic dedication to nuclear energy, in contrast to the

worldwide trend towards renewable alternatives. This reliance gives rise to inquiries

regarding the equilibrium of energy policies that seek to guarantee energy security while also

making a commitment to sustainable energy sources.

Despite Hungary's gradual transition away from conventional energy sources, the potential of

renewable energy sources in urban areas, especially solar and geothermal power, is growing

in prominence. The Pannonian Basin's abundant solar radiation and geothermal potential are

resources that the nation possesses that have the potential to be utilized more efficiently. In

order to effectively integrate renewable energy sources into urban environments, inventive

strategies are required, including the integration of solar technologies into building designs

and the utilization of geothermal resources to supply district heating. The exploration of

wind, hydropower and biomass as renewable options has been met with environmental and

economic concerns. Hungary’s geographical constraints limit the potential for traditional

wind and hydropower projects. Similarly, the prospects for urban biomass energy are

complicated by issues of pollution, logistics, and social acceptance. These challenges

highlight the need for a strategic approach that prioritizes environmental sustainability and

public health alongside energy production.

6.1 Energy mixing

Upon conducting an exhaustive analysis, it has been discerned that augmenting renewable

energy consumption within Hungary's urban locales necessitates prioritizing solar and

geothermal energies. Solar energy emerges as an efficacious means to fulfill electricity
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demands, while geothermal energy can be earmarked for district heating systems. Despite

being a potent source of non-combustible renewable energy, it is evident that Hungary

currently lacks an adequate number of solar parks. According to Statista there are around

3,000 EV Charging stations in Hungary and the trend is facing a sharp rise.12Should the

government endeavor to incorporate photovoltaic (PV) systems at these charging stations, a

substantial number of vehicles could leverage this power source.

This research delineates two models, accompanied by simulations and cost analyses, to gauge

the feasibility of this proposition. Both scenarios present a payback period of approximately 5

years, with a project lifespan extending to 25 years, signifying the practical feasibility of this

initiative. The cost per Wp fluctuates between 300 HUF and 470 HUF, underscoring the

economic viability of this venture. Despite being a landlocked country devoid of coastal

regions, Hungary demonstrates immense potential to pioneer the establishment of a floating

solar park. Remarkably, the nation is endowed with significant water bodies that can facilitate

this innovation. For instance, Lake Balaton covers an area of 592 km², coupled with the river

Tisza, which spans over 597 km² within Hungary, already accommodating two hydroelectric

dams.

Additionally, the regions encompassing the River Danube and the River Hármas-Körös,

which also features a dam, present viable sites for this endeavor. Lake Valence further

augments the list of potential hosts for a floating solar park. Floating Solar is generally

installed on existing hydropower or on the catchment area of dam, which is cost effective by

using the existing transmission lines and distribution infrastructure and increases efficiency.

For FPV in this project Tisza Dam has been considered. The Tisza Dam, located in Kisköre

within Heves County, stands as a testament to the region's commitment to harnessing

renewable energy. From 2000 to 2022, the average monthly electricity consumption in Heves

County was recorded at 194.75 kWh13. This 2.5 MWp Floating Photovoltaic (FPV) park,

capable of producing approximately 2,850,983 kWh annually (237,581kWh/monthly). From

2000 to 2022, the Tisza Dam in Kisköre, Heves County, witnessed an average monthly

13 Gas and electricity consumption by county and region. (2022).
https://www.ksh.hu/stadat_files/kor/en/kor0068.html accessed 5 November 2023.

12 Number of electric vehicle charging stations in Hungary from 2013 to 2021
https://www.statista.com/statistics/933078/number-of-electric-vehicle-charging-stations-in-hungary/ accessed 5
November 2023.

96

https://www.ksh.hu/stadat_files/kor/en/kor0068.html
https://www.statista.com/statistics/933078/number-of-electric-vehicle-charging-stations-in-hungary/


electricity consumption of 194.75 kWh. With the estimated annual energy output of this solar

park, nearly 1,220 households within Heves County could be fully powered.

6.2 Energy Trend Forecasting in Next Two Decades

It is observed that the forthcoming two decades herald promising advancements in the

renewable energy sector, with both combustible and non-combustible renewable sources

witnessing growth. Solar energy and biomass are anticipated to play pivotal roles in energy

extraction from renewable sources. Notably, towards the end of the projection period in 2041,

solar energy is expected to see a significant surge compared to other renewable sources.

However, our ARIMA-driven predictions indicate that nuclear energy is poised to emerge as

the dominant energy source in Hungary over the next two decades. While solar and other

combustible renewable sources hold potential, they may not reach the prominence of nuclear

energy. This bias towards nuclear energy is evident in the Hungarian government's recent

initiatives, such as the establishment of Paks 2.

A critical observation from the study is Hungary's current energy independence. Till now

Hungary has not been dependent, and this trend is expected to continue over the next two

decades. By the end of our projection period in 2041, the dependency is estimated to be

around 61%.

Given that Hungary is not particularly rich in fuel and raw material resources for energy

production, it is imperative that the country leverages its internal potential. For instance,

geothermal energy, which has so far contributed only 1-3% to the national gross energy

consumption, presents an underutilized opportunity. Therefore, focusing on harnessing such

indigenous resources could prove beneficial in fostering energy self-sufficiency and

sustainability.

6.3 Energy Policy in Hungary

The Hungarian government has set ambitious goals for renewable energy, particularly

focusing on solar power, in line with the country's increasing trend and potential. The

government aims to achieve a solar power capacity of 6.5 GW by 2030 and 12 GW by 2040.

These targets are supported by a study projecting even higher capacities: 8.554 GW by 2030

and 16.554 GW by 2040. In 2020, solar photovoltaic (PV) energy represented 7% of
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Hungary's overall power composition, and this share is expected to grow significantly. The

National Energy and Climate Plan aims for at least 20% of Hungary's total final gross energy

consumption to come from renewable sources by 2030. The study's projection indicates a rise

from 14% in 2022 to about 37% in 2030 and 39% by 2041. However, renewable energy

consumption in the transportation sector is projected to decrease from 8.75% in 2022 to

7.77% in 2041. To address this, introducing PV systems in EV charging stations is suggested

as a potential measure to meet the targets and shift the transportation sector towards

renewable energy reliance.

6.4 Limitations

Emphasis on Solar Energy: The study clearly identifies both Solar and Geothermal energy

as highly promising renewable energy sources for urban environments. However, while the

research thoroughly explores solutions and models to augment solar energy utilization, it only

conducts a broad analysis for geothermal energy without proposing specific models or

solutions.

6.5 Future Work

Geothermal Energy Solutions: Subsequent research could delve deeper into the geothermal

energy sector, devising and proposing specific models and solutions to harness its potential

effectively within urban settings. This could involve developing strategies for tapping into

geothermal sources and evaluating their feasibility and impact on urban energy consumption.
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Summary

The research centers on the integration of renewable energy sources in urban areas of

Hungary, pinpointing solar and geothermal as the most viable sources among the array of

renewable options, including both combustible and non-combustible types. It presents three

conceptual approaches for solar energy: model simulations, single-line diagram (SLD)

designs, wiring configurations, and a comprehensive economic analysis that encompasses

cost projections and financial modeling for various initiatives, such as EV Charging Station

1, EV Charging Station 2, and a Floating Solar Park. Further, the study extends to predict

energy trends over the forthcoming two decades, concluding in 2041. This encompasses an

analysis of future renewable energy production and consumption patterns, as well as an

assessment of Hungary’s anticipated energy dependence by 2041. It delves into forecasting

energy generation and consumption patterns of renewable sources as well as Hungary's

energy self-sufficiency by the year 2041. In examining policy frameworks, the research

concentrates on the current energy policies in Hungary, assessing their sufficiency in

achieving the nation's renewable energy targets within the existing infrastructural landscape.
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ABBREVIATION

AC Alternating Current

AI Artificial Intelligence

ARIMA Autoregressive Integrated Moving Average

CUF Capacity Utilization Factor

DC Direct Current

DiffHor Horizontal Diffuse Irradiation

EArray Effective Energy at the Output of the Array

E_Grid Energy Injected into Grid

EV Electric Vehicle

FPV Floating Photo Voltaic

GlobInc Global Incident in coll. Plane

GlobEff Effective Global, corr. for IAM and Shadings

GlobHor Global Horizontal Irradiation

IRR Internal Rate of Return

LC Collection Loss

LS System Loss

LCOE Levelized Cost of Electricity

O&M Operations and Maintenance (O&M) Cost

PV Photo Voltaic

PR Performance Ratio

PP Payback Period

RES Renewable Energy Sources

ROI Return on Investment
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STC Standard Test Conditions

T_Amb Ambient Temperature

YA Array Yield

YR Reference System Yield

YF Final System Yield
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APPENDIX A: CALCULATION FOR FINANCIAL MODEL OF EV CHARGING

STATION-1, EV CHARGING STATION-2 & FLOATING SOLAR PARK

Calculation for EV Charging Station-1
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Calculation for EV Charging Station-2
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Calculation For Floating Solar Park
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