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Abstract 

As a solution for capacity deficiency expected in the following decades, building a 
new nuclear power plant has been decided in Hungary. According to a hypothe-
sis, this unit will overbalance the energy system and hinder renewable technolo-
gies from spreading; therefore, it will not provide a sustainable solution. In this 
research, the effects of the new nuclear units and a possible alternative scenario 
are investigated and compared. Three energy models were created with Ener-
gyPLAN software for the year of 2030: an Official one, based on the Transmission 
System Operator’s projections; an Alternative one, based on Energiaklub’s energy 
vision, outlined in this research; and a Hybrid one, which blends these two. 

The results show that, even by a conservative development, more than 27% of 
the renewable electricity production is possible in Hungary by 2030, while it is 
only 10% in the Official scenario, where 75% of electricity production is nuclear, 
coming from one physical site. Critical Excess Electricity Production (CEEP) 
analysis showed, that significant excess electricity production will arise due 
oversized nuclear capacity for six years when altogether 4,400 MW nuclear ca-
pacity will co-work. This results not only in hindering renewables, but also in 
endangering normal working conditions of combined (CHP) and condensational 
power plants, which may cause hazards and shut downs of these units. 
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1. Introduction 

Hungary has a population of 9.9 million inhabitants (CIA, 2016). Its 
Total Primary Energy Supply (TPES) was 962 PJ in 2014 and its elec-tricity demand was 42.7 TWh in 2014 (KSH, 2015). Due to decreasing international electricity prices, the electricity import has increased in the last years up to 31.4% in supply (KSH, 2015). The country had 8,558 MWe total capacity in 2015 (MAVIR, 2015), from which only 4–5,000 MW will have been remained by 2030 (MAVIR, 2014a), due to the closing old power plant capacities. Therefore, according to the 
Hungarian Transmission System Operator (TSO), MAVIR’s calculations from 2014, 6–7,000 MW of new power plant capacities has to be built (or extended) in Hungary by 2030 (MAVIR, 2014a). The official Hun-
garian Energy Strategy of 2011 planned to have 11,300 MW capacity by 2030, from which 4,000 would be nuclear capacity: 2,000 MW of the existing Paks nuclear power plant and a new 2,000 MW nuclear power plant. However, this energy strategy should have been reconsidered every two years, which has not occurred. In January 2014, the Hungarian Minister for National Development and the head of the Russian Rosatom, signed a contract about a new nuclear power plant construction in Hungary, in Paks, which was an-nounced to the surprised Hungarian population by the media (FÜLÖP, O. 2015). The new power plant of 2,400 MW (two VVER-1200 reac-tors) will be built by Rosatom which was decided without a tender (FÜLÖP, O. 2015). The construction of the power plant (excluding sup-plementary investments, like grid improvements) will cost around 12.5 billion Euros, from which 10 billion Euros will be provided by Russian loan for Hungary for 21 years (FÜLÖP, O. 2015). However, in-dependent financial feasibility studies show that a return of the in-vestment is unlikely and a significant state aid will be needed (ROMHÁNYI, B. 2014; FELSMANN, B. 2015) Much of the background stud-ies, data and contracts are classified for 30 years by the Parliament 
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(SZENTKIRÁLYI, B. 2015), which results in difficulties or no possibility to gather information, even for future analysis, and increases risk of cor-ruption (FAZEKAS, M. et al. 2014). There will be a critical period in the Hungarian energy system for approximately six years, expected between 2026 and 2032. During this period, the existing four reactors Paks Nuclear Power Plant (2,000 MW) will run next to the Paks II power plant (2,400 MW). Not only building a new nuclear power plant, but also this large amount of nuclear electricity production—which will be more than half of the Hungarian electricity production—can have lasting effects on the elec-tricity system in the following six years. Therefore, the year 2030 has been chosen to be investigated in this research and because most of the energy strategies and forecasts are calculated to that year. 
 
1.1. Scope of the article The aim of this research was to model and analyse the effects of a new nuclear power plant in Hungary, especially in the critical six years, focusing on the future possibility of spreading of energy generation from renewable resources and to create an alternative scenario to see the possibility of substituting the needed capacities with energy effi-ciency and renewable development. Therefore, three different, hourly based models of the Hungarian energy system were created with the 
EnergyPLAN software.  1) Official: is based on the Hungarian Energy Strategy from 2011 (MINISTRY OF NATIONAL DEVELOPMENT, 2012) and the Hungarian 

Transmission System Operator, MAVIR’s projection of future power plant capacities from 2014, including the new nuclear power plant (MAVIR, 2014a). 2) Alternative: an energy vision of Hungary by 2030 was created through a six-month process to build this scenario, hosted and professionally supported by Energiaklub Policy Institute and Ap-
plied Communications. Only an informative summary was avail-able until now about this vision (SÁFIÁN, F. 2015); therefore, the detailed methodology will be presented in this paper. This sce-
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nario includes increased renewable capacity and energy effi-ciency improvement, without nuclear power plant construction. 3) Hybrid: includes the new nuclear capacity and spreading renew-able production as well, based on the two previous visions. The results of the analyses with EnergyPLAN of the different sce-narios and their comparison can help answer the above questions and draw consequences of different directions of energy planning and poli-cy in Hungary. 
 
1.2. Official energy planning and policy in Hungary The official National Energy Strategy of Hungary of 2011 (MINISTRY OF NATIONAL DEVELOPMENT, 2012) plans until 2030. It addresses structural changes in the energy system with increasing capacities of low CO2 emission intensity, like renewable-based ones; spreading heat produc-tion from renewable resources; and increasing share of low emission transportation modes. From the three future energy demand scenari-os, the middle one (called ‘Joint effort’) was selected by strategy au-thors for further calculations. This scenario includes slightly growing TPES reaching 1,147 PJ by 2030, and annually 1.5% increase in elec-tricity consumption. Regarding power generation, three crucial efforts are stated: “the long-term preservation of nuclear energy in the energy mix; the maintenance of the current level of coal-based energy genera-tion”, and increase of renewable energy production “depending on the capacity of the economy, system controllability and technological de-velopment” (MINISTRY OF NATIONAL DEVELOPMENT, 2012). From six dif-ferent energy mixes, the ‘Nuclear–Coal–Green’ was selected as favour-able target, projecting 4,000 MW nuclear, 4,900 MW natural gas, 400 MW coal (lignite) and 2,200 MW renewable capacity by 2030. However, this strategy should have been monitored and updated every second year which lags behind. MAVIR creates and updates pro-jection of energy needs and capacities every year (MAVIR, 2014a). According to MAVIR’s up-to-date projection, electricity needs will grow only 1.0–1.3% annually (in previous years, MAVIR also forecasted a 1.5% growth.). Depending on the market conditions, capacities are 
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projected to increase from 8,600 MW (with 11.2 TWh import; delayed investments scenario) to 13,600 MW (with 8.0 TWh export; intensive capacity growth scenario) by 2030, from which 3,200–4,400 MW will be nuclear, 2,400–6,500 MW natural gas, around 100 MW coal, and 1,850 MW renewable, irrespectively of the scenario. These, more cur-rent projections of MAVIR are the basis of the Official scenario created in this research, detailed in Chapter 2.2.2. Official Hungarian energy planning, while acknowledges energy ef-ficiency and conservation efforts and aims of the European Union, concentrates mostly on building new power plants, claiming GDP growth will raise energy demand. Nuclear and coal-based power plant constructions are highlighted due to their strong and influential lobby groups. However, while energy efficiency, renewable energy sources and smart energy solutions appear in the Energy Scenario and official plans, in reality and in the media, they get only peripheral role (MOL-NÁR, Cs. 2014). Since 2006, no wind capacity tenders were announced; therefore, no new turbines have been installed since 2011 (O’BRIAN, H. 2012); the long-promised new renewable energy feed-in tariff system, called METÁR (which would be highly necessary to reach the EU tar-gets), has still not been introduced since 2011 (ROTHFUCHS, H. 2011); and new tax on photovoltaic solar panels were put in force from 2015 (DAILY NEWS, 2015).  
1.3. Alternative energy vision The long-term goal of Energiaklub is to phase out fossil and nuclear energy in Hungary to be able to realise a sustainable energy system in the next decades. Improving environmental awareness, energy suffi-ciency, efficiency and diverse range of renewable-based technologies will be the most important factors to outline a flexible, decentralised energy system. Besides energy safety and economics, social and envi-ronmental aspects are also important ones in energy planning deci-sions. For example, the 4th generation district heating systems, based on local energy sources, providing jobs nationwide will be important elements of the energy system. 
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The year 2030 can be seen as an intermediate station along the way to the long-term aims where new trends are getting stronger, but the fundaments of the energy system are still traditional. The reason for that is that the modelled scenario is not a normative, best-case scenar-io. While defining exact numbers and characteristics of the future al-ternative energy system of Energiaklub, desirable and, at the same time, realistic and easily achievable targets were defined as a first, basic alternative scenario. In the next Chapter, the details of outlining and modelling this scenario by 2030 will be introduced, along with the two other models based on official energy planning.  
2. Methodology This paper can be seen as a continuation of a research that started in 2011, creating and validating the first energy model for Hungary with the EnergyPLAN software, published in Energy (SÁFIÁN, F. 2014). The main characteristics of the Hungarian energy system, the status and results of alternative energy planning in Hungary were described there, as well as the EnergyPLAN software, which will briefly be pre-sented in this chapter. 
 
2.1. EnergyPLAN software 

EnergyPLAN is an energy system analysis tool, which have been devel-oped at Aalborg University (AAU), Denmark, since 1999. This software enables to build and analyse full energy systems (including all sectors, also transportation) of a year, hour by hour. It is working as a deter-ministic input-output model, optimising the energy system from tech-nical or market-economic aspects. The main input demand of the mod-el is yearly aggregated electricity, heat and fuel demands, renewable and nuclear energy production quantities and capacities, hourly distri-bution of electricity, heat demands and production curves. Costs and numerous options of regulation strategies can be also defined. The outputs are energy balance, annual energy production, fuel consump-tion, electricity import or export, and total costs. Serial analyses can also be made by a built-in application, where changes in CO2 emissions, 
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total fuel usage or critical excess electricity production (CEEP) can be investigated depending on variable capacities of certain renewable technologies. In this research, EnergyPLAN version 12.1 was used1.  
2.2. Model building Based on the above presented visions, plans, and projections, exact input data had to be defined to model building in EnergyPLAN soft-ware. The model of Energiaklub for 2030 was used as the basis for the two other models; therefore, it will be presented in more details. In the Official and Hybrid models, where not indicated, all parameters are equivalent to the Alternative model. Some of the main inputs like elec-tricity needs remained the same to ensure comparability between the models. Chapter 2.2.2. presents the parameters of the Official and Hy-brid model, according to the official plans and projections. Chapter 3.3. summarises the main input data of the models.  2.2.1. Alternative model based on Energiaklub’s energy vision 2030 In the followings, the calculation and sources of the main inputs will be detailed, from which the model (and partly the other two models) were built.  2.2.1.1. Electricity demand Since each electricity demand projection has been overestimated in the last decades, a new estimation was carried out. Based on the Hungari-an sectoral electricity consumption data of Eurostat between 1990 and 2012, and European average figures of 2012 (EUROSTAT, 2016), sec-toral-, and total electricity demand were conducted with trendlines, international comparisons and assumptions based on recent processes in economy and consumption (Table 1). 
  

                                                            
1 EnergyPLAN software, version 12.1. Aalborg University (www.energyplan.eu) 
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Table 1 – Electricity demand by sectors in 2012 and estimation by 2030  
Source: based on EUROSTAT (2016) data. (*of total electricity consumption) 

 2012 
data 

(GWh) 

2030 
projec-

tion 
(GWh) 

change 
(%) 

trend or estimation method 

Consumption 
in energy 
sector 

3,719 3,809 +2.4 11.3%* in Hungary, 6–7%* in EU-28 in 2012; estimation of 9.5%* in 2030 
Distribution 
losses 

3,684 3,207 –12.9 11.2%* in Hungary, 7%* in EU-28 in 2012; estimation of 8%* in 2030 
Industry 8,910 9,856 +10.6 exponential trendline from 1993 (end of industrial structural change) 
Transporta-
tion 

983 2,903 +195.4 custom calculations 
Residential 10,620 11,682 +10.0 10% increase between 2012 and 2030 
Agriculture, 
Forestry, 
Fishing 

782 800 +2.3 remains on the same level with slight increase 
Services 11,517 14,849 +28.9 polynomial trendline based on 1990–2012 (R² = 0,96; equals to 29% growth in 18 years) 
Total 40,215 47,107 +17.1 (equals to 0,88% growth annually)  

Hungary has significant energy saving potential due to high distri-bution losses and high level of the energy system’s own consumption, compared to the EU-28 average (Table 2). The economic growth of industrial sector will also indicate lower increase in electricity con-sumption due to improving energy efficient technologies. Transporta-tion demand was calculated with a detailed calculator of András Futó (more details is presented in Chapter 2.2.1.5.), including 570,000 hy-brid electric vehicles (HEV), 220,000 plug-in hybrid electric vehicles (PHEV), 40,000 pure electric vehicles (EV) with 25% share of smart charge—these numbers can be seen as conservative projections. Dur-ing modal shift, 30% of freight road traffic (t/km) changes to freight train. These changes cause a huge increase in electricity consumption in electric transportation.  
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Table 2 – List of large and small fossil fuel-based power plants according to 
Energiaklub’s vision of 2030. Groups (according to EnergyPLAN): 1: heat pro-
ducers; 2: small combined heat and power (CHP) plants; 3: large CHP (can run 
also in condensation mode); 4: condensation PP; 5: peak PP.  
Source: MAVIR (2014b) 
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 Paks Nuclear 2,000 31.3 0.1 31.4 15.7 0.1    46.4 46.4 
4 Dunamen-ti 408 54.0 0.0 54.0 1.2    2.3  2.3 4 Mátrai 500 35.3 0.3 35.6 3.2 0.0 8.1 0.0 0.2 0.8 9.1 4 Gönyűi 433 54.7 0.0 54.7 1.4 2.4 2.4 4 Csepeli 410 44.3 7.7 52.0 1.6 0.3 0.0 3.6 3.6 3 Budapesti 396 42.6 41.2 83.8 1.2 1.1 0.0 2.7 2.7 3 Pannon 85 29.0 15.0 44.0 0.0 0.1 0.0 0.4 0.4 3 Debreceni 95 34.5 41.7 76.2 0.2 0.3 0.7 0.7 2 Gas en-gines 600 34.2 43.8 78.0 2.6 3.3   7.6  7.6 2 Gas tur-bines 340 29.3 46.6 75.9 1.7 2.6   5.7  5.7 2 Steam turbines 50 28.0 35.0 63.0 0.2 0.4  0.2 1.0  1.2 5 New OCGT units 500 30.9 0.0 30.9 0.0   0.0   0.0 1 Ajkai 102 10.7 50.7 61.5 0.0 0.1 0.1 0.0 0.1 0.2 1 ISD Power 65 7.5 50.0 57.5 0.1 0.9 0.0 1.7 1.7  Regarding households, population degrowth, efficiency improve-ments, and new electronic instruments will shape the future needs, generating a 10% increase during the total period. The most significant 



Geographical Locality Studies 2016 Volume 4, Number 1 
 

 797 

electricity demand growth will happen in services sector where the strong trend of intensive growth will continue in the next decades as well, due to more air conditioners caused of climate change and wider services. By summing up the above, total electricity consumption will be 47.1 TWh by 2030.  2.2.1.2. Heat demand Based on the previous researches of Energiaklub, investigating energy saving potentials in residential (FÜLÖP, O. 2011; FÜLÖP, O. – VARGA, K. 2013), public educational and office buildings (FÜLÖP, O. 2013) cost-optimality studies of energy efficiency investments (SEVERNYÁK, K. – FÜLÖP, O. 2013) and the National Building Energy Strategy (CSOKNYAI, T. 
et al. 2013), heat saving potentials were defined by 2030. Due to build-ing refurbishments, heating system improvements, complex building renewals and new, efficient buildings, 23 TWh primer energy demand could be saved by 2030, compared to 2011. The total fuel demand for heat production is calculated to be 184 PJ (51.1 TWh) by 2030. Most savings can be realised regarding natural gas (–35%), residential coal (–55%) and firewood (–70%) consumption. The level of district heat-ing supply will remain on the same level; however, it will include new, small, local, biomass- or geothermal-based district heating systems next to the existing ones, which will supply less heat caused by higher energy efficiency of buildings.  2.2.1.3. Large power plants and fossil-based small power plants The power plants and their parameters were taken from MAVIR’s most recent projections (MAVIR, 2014a), regarding large and small, fossil-fuelled power plants, creating a reasonable mix of the higher and lower rate power plant building scenarios. The list of power plants (Table 2) contains the existing nuclear power plant in Paks, while excludes 
Paks II and numerous power plants which are working today, but will be closed by 2030. Mátrai coal-fired power plant is not in the capacity list of MAVIR, but it is planned since years to build on the field of the 
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existing Mátrai coal-fired power plant (VALASKA, J. 2011); therefore, it is also included in the model. The power plants are grouped according to the EnergyPLAN group-ing system (see first column and explanation of Table 2); the total ca-pacity and average parameters (efficiencies, heat storages, etc.) are put in the model by these groups. Nuclear power plants and renewable power plants (except large power plants co-burning biomass) are pre-sented in a different section. Heat production of Paks nuclear power plant (0.1 TWh) could not be indicated in the model. Furthermore, electricity production (<0.1 TWh) of Ajkai and ISD Power plants are neglected due to low efficiencies; these power plants were attached to Group 1 consisting of heat only producers.  2.2.1.4. Renewables Renewable energy capacities and production were defined based on a wide research of related literature including researches of Hungarian sustainable energy potentials and future scenarios (ÁMON, A. et al. 2006; FISCHER, A. et al. 2009; SZAJKÓ, G. 2009; KPMG, 2010; MUNKÁCSY, B. 2011; BÜKI, G. – LOVAS, R. 2010; GREENPEACE, 2011; BARTHOLY, J. et al. 2013; HARMAT, Á. 2013; TÓTH, P. – CSÓK, L. 2014), Hungarian official strategies (MINISTRY OF NATIONAL DEVELOPMENT, 2012) action plans (NFM, 2011) and their background studies (REKK, 2011; PYLON, 2010) and international development curves (EUROBSERV’ER, 2010; EWEA, 2011; EUROBSERV’ER, 2014a & 2014b). Based on these, the first version of the model was outlined, with the aim of defining rather con-servative, but easily achievable capacity targets by 2030. This version was published in January 2015, where the figures were affirmed or corrected by Hungarian renewable energy associations. The following list in Table 3 presents the altered and validated list, used in this re-search. Wind capacities will be 8.5 times more in 2030 than in 2014, ac-cording to the conservative calculations. Currently 330 MW are in op-eration, and during the last wind capacity announcement for 410 MW, 
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Table 3 – Renewable energy capacities and electricity production 
in Energiaklub’s energy vision by 2030 

Source: ENERGIAKLUB 

Energy source Capacity in 2030 (MW) Power production (TWh) Wind 2,800 5.40 Solar 1,400 1.82 Solid biomass 825 2.24 Biogas 750 1.62 Geothermal 67 0.47 Hydro 66 0.24 
Total 5,908 11.79  during one year, 1,117.75 MW application was rejected due to cancel-ling the tender (B. HORVÁTH, L. 2013). Besides favourable solar poten-tial, on-roof photovoltaic capacities of households started to almost double every year since 2009, growing from 0.46 MW to 68.13 MW by the end of 2014 (MEKH, 2016). The estimation of 1,400 MW by 2030 was confirmed by Hungarian Solar Energy Association. Solid biomass is already the most important renewable energy source in Hungary, but used primarily in large power plants. However, the new capacities of 825 MW will be small, local, perhaps community-owned combined heat and power (CHP) units. The first estimation of biogas capacity (350 MW) was more than doubled according to the Hungarian Biogas 

Association’s recommendation. Hungary has significant geothermal potential, but has severe technical barriers to utilise it; therefore, only pilot geothermal power plants will run by 2030. Without new, large-scale hydro power plants, only small units can be added to the existing energy system; therefore, hydro capacities will slightly grow by 2030.  2.2.1.5. Transportation A detailed calculator of András Futó was used to define transportation demands based on trends between 2000–2010 of specific fuel de-mands, running volumes, vehicle stocks, etc. Regarding electricity, several targets were defined, from which most important are modal shift from road freight traffic to train traffic. Finally, 4.27 million pri-
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vate vehicles are calculated to run by 2030, from which 2.3 million petrol, 1.1 million gasoline-based (80% of private fleet), while next to 0.67 million hybrid and electric vehicles (PHEV, HEV), 0.2 million LPG/CNG cars will be on the roads. Average fuel consumption will decrease to 6.9 (petrol) and 6.1 (gasoline) litres/100 km, where the biofuel content will raise to 7%. Train usage will raise by 30% both regarding personal and freight transportation. Total fuel demand of transportation will be 34.0 TWh gasoline, 15.5 TWh petrol, 2.9 TWh natural gas and 0.5 TWh LPG, while in 3.1 TWh transportation electric-ity consumption 0.54 TWh accounts for hybrid and electric cars’ con-sumption.  2.2.1.6. Distribution curves Hourly detailed production and demand distribution curves play im-portant roles in the models: besides the volume of energy production based on them, they indicate weather conditions (solar, wind produc-tion curves, heat demands), user behaviour (heat and electricity de-mand), and enable a particular analysis of the energy system. There-fore, coherent distribution curves are needed for one common year, with 8,784 data points for 366 days. In this case, 2011 was selected to this occasion, as for this year almost all the needed data series were available from measurements in Hungary; all data series listed in the followings are indicating that year. Electricity demand and wind power production curves were down-loaded from MAVIR (2015). This means, that no changes were made to indicate alterations in future electricity (or any other) consumption behaviour. District heating production measurements from a CHP unit of FŐTÁV (Budapest’s district heating company) were used, also for individual heat and hot water demand (FŐTÁV, 2014). Solar produc-tion curves were generated from global radiation curves measured by 
Hungarian Meteorological Service (OMSZ) and University of Debrecen in 
Debrecen Agrometeorological Observatory (NAGY, Z. et al. 2008; 2010; OMSZ, 2014). Hydro production is simulated with a German river hy-dro distribution curve built in EnergyPLAN, since it provided better 
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results on the validation (SÁFIÁN, F. 2014) than any own-created distri-bution curves, while production data were not available. For nuclear power production, distribution curve was generated manually based on the known maintenance periods of Paks power plant. Waste, geo-thermal energy and biomass production were considered as constant.  2.2.1.7. Balance and regulation In EnergyPLAN model, technical simulation was selected (and not mar-ket-economic) as simulation strategy, where both heat and electricity demands were balanced (strategy No. 2). There are 10–10 GWh heat storage in total next to the group 2 and 3, including small and large CHP units. There is 4,000 MW of transmission capacity available for electricity import and export—however, during the analyses of Chap-
ter 4, this is set to zero. Minimum grid stabilisation production share is 30%, small CHP stabilisation share is 50%. There is no regulation for CEEP or minimum running capacity of power plants.  2.2.1.8. Official and Hybrid models 2030 In order to have comparable models, only the most necessary changes were made when building the Official and Hybrid models: mainly pow-er plant capacities. However, this way it is neglected, that Official (and Hybrid) scenarios are likely to be regulated in a different way from the renewable energy-focused Alternative model of Energiaklub; further-more, user behaviour may vary as well. It is also very likely that in the official version, focusing on power plant building as a solution for growing energy needs (and not efficiency or energy saving improve-ments), energy needs can be expected to raise at a higher rate. Howev-er, electricity needs are the same in all models.  Regarding the Official scenario, power plant capacities are based on MAVIR’s projections (MAVIR, 2014a), which means, that almost all fossil fuel-based capacities are the same with the Alternative scenario. The main differences are: 4,400 MW nuclear capacity; more peak pow-er plant capacity (1,200 MW—have to be equal to the largest block of the country); and significantly less renewable capacities. In Hybrid 
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scenario, wind and solar capacities calculated by Energiaklub are add-ed to the power plants of Official energy model, therefore including 4,400 MW nuclear capacity as well. This way this scenario could show how significant nuclear power capacities can work together with sig-nificant renewable capacities. In these scenarios, a new nuclear power production distribution was generated, since in Paks II power plant (2,400 MW) 2 x 1,200 MW block will work, where a maintenance stop will cause only 50% power production compared to Paks I, where 4 blocks of 500 MW are working (75% production during maintenance).  
2.3. Summary of main inputs of the three models The models are the same regarding energy demands, distribution curves, regulation strategies, etc. Also, electricity demand will be the same: 47.1 TWh in all three models in this comparison. The main dif-ferences are in capacities, which can be compared in Table 4.  
Table 4 – Power plant capacities by models (indicating groups according to 
the EnergyPLAN software; large CHP plants can work in CHP or condensing 
PP mode) 
Source: Calculated by SÁFIÁN, F. (2016) with EnergyPLAN software 

 
OFFICIAL 

(MW) 
ALTERNATIVE 

(MW) 
HYBRID (MW) Nuclear power plant 4,400 2,000 4,400 Condensing power plants (Gr. 4) 1,751 1,751 1,751 Large CHP plants (Gr. 3/4) 576 576 576 Peak power plants (Gr. 5) 1,200 500 1,200 Small natural gas CHP (Gr. 2) 830 990 830 Small biomass CHP (Gr. 2) 600 825 600 Small biogas CHP (Gr. 2) 120 750 120 Wind 850 2,800 2,800 Solar 90 1,400 1,400 Hydro 75 66 75 Geothermal 65 67 65 

Total capacity 10,557 11,725 13,817  
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The Alternative model has almost 6,900 MW of decentralised, small power plants, from which more than 5,900 MW is renewable, approx-imately the same as the fossil-based capacities (including nuclear). In case of the Official scenario, there is only 2,630 MW decentralised ca-pacity, from which 1,800 MW is renewable; the majority is still large (7,900 MW), centralised, fossil-fuelled (8,750 MW) power plant. Re-garding Hybrid scenario, the capacities are more balanced with around 5,900 MW small and 7,900 MW centralised capacities, meaning around 8,750 MW fossil and 5,060 MW renewable power plants. 
 
3. Results The three models were run in EnergyPLAN software, simulating one-year run of the different models by 2030, but with weather and con-sumption circumstances from 2011. Table 5 summarises the most important indicators from the results.  

Table 5 – Most important results of model simulations 
in EnergyPLAN software 

Source: Calculated by SÁFIÁN, F. (2016) with EnergyPLAN software 

 
OFFICIAL 

(TWh) 
ALTERNATIVE 

(TWh) HYBRID (TWh) 

TPES 272.9 252.2 268.7 
RES TPES share 6.9 13.4 8.6 
RES electricity share 10.3 27.1 22.2 
Import electricity 0.0 0.5 0.0 
Export electricity 0.5 0.1 2.4 
CO2 emissions. corr. (Mt) 35.2 40.8 31.7  The Alternative model has the lowest total primary energy source consumption, highest renewable share, and renewable supply is 27% of electricity production. However, it needs 0.5 TWh import electricity, and it has the highest CO2 emissions of energy sector. This is due to the large utilisation of condensing power plants running on natural gas or coal (12.4 TWh production compared to 4.0 TWh in Official scenario)—as 2030 can be viewed as a transitional year of the transformation 
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process. The Official and Hybrid scenarios have larger fuel consumption (even with the same renewable capacities) due to high nuclear produc-tion. Official scenario has half renewable energy production compared to the Alternative scenario, and renewable electricity generation is less than half of that; the figures are little higher in Hybrid scenario. The two latter models have low CO2 emissions and needs no electricity import. On the contrary, there is a significant electricity export in Hy-brid scenario.  
4. Analyses The aims of this research were to create an alternative energy scenar-io, which was presented above; and to analyse the effects of a new nuclear power plant on the future Hungarian energy system, focusing on renewable energy production. Therefore, three analyses were car-ried out for each scenario with EnergyPLAN software to investigate this issue: 1. A CEEP analysis. CEEP is a used indicator in energy system anal-yses to describe the integration scale of renewable energy sources into the electricity system (LUND, H. 2003).  2. 24-hours analysis of the highest CEEP production periods – what are the main reasons for CEEP production? 3. Analyses of production shares of different type of power plants – is it reasonable, realistic and sustainable, considering the en-ergy system?  
4.1. CEEP analysis As electricity production of an intermittent energy source increases in an energy system, surplus, non-utilised electricity production grows. However, this growth is non-linear, renewable energy technology- and energy system-specific. The lower the excess electricity production is in a system with the same renewable electricity production, the better the integration and utilisation of renewable technologies are. This utilisation can be improved by regulated CHP plants, (smart-charged) 
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electric cars, heat pumps, etc. (LUND, H. 2005)—however, these tech-nologies are not significant in the author’s models by 2030 yet. For the analyses, all models were run in serial calculation mode, with the same changes applied in each model, following (LUND, H. 2003). Transmission capacity was set from 4,000 MW to zero, this way exportable excess electricity production (EEEP) will be appeared as CEEP as well. In normal regulation mode, CPH plants are taking part in grid stabilisation and ancillary services (stabilisation share of produc-tion is 25–30%), but in CEEP analyses this is set to zero as well. To ensure grid stability, the minimum of 350 MW running power plant capacities are available in every hour and at least 30% of electricity is produced by power plants able to supply ancillary services as well.   

 
Figure 1 – Wind power and CEEP production in different models 

Designed by SÁFIÁN, F. (2016)  The results show (Figure 1) that the Alternative model can integrate wind energy production significantly better. Around the optimum point of 7.5 TWh wind energy production (equals to 3,885 MW wind capacity), CEEP is 4.7% of wind energy production in Alternative mod-
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el, while 70.8% in the Official and 80.1% in the Hybrid scenarios. How-ever, it is obvious, that in the latter two scenarios, excess electricity production is not solely coming from wind power, since there is 1.7 and 2.0 TWh CEEP at no wind power production as well.  
4.2. Hourly analysis of CEEP production To analyse the reason of CEEP production in the different models, the hour of highest CEEP value was selected, with 24-hour data before and after. This period was during the night of the 359–360th day of the year, in December. The following diagrams shown in Figure 2 show the electricity generation of these two days by power plant groups (total production: top black curve), electricity demand (lower black curve), and with darker shadow, CEEP (area between the two lines). In the case of the Alternative model, the excess electricity produc-tion is caused by low electricity demand due to night hours, and a windy night. However, this is not the case regarding the Official model: nuclear electricity production is higher itself in some hours of the night, than electricity demand; next to it, wind energy production is not significant.   
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Figure 2 – electricity production, demand and CEEP in different models on 

the 359–360th day of the model 
Designed by SÁFIÁN, F. (2016)  Based on correlation calculations between electricity demand and CEEP in Official model, it is clear, that the main cause of CEEP is not renewable energy production, but too high nuclear production com-
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pared to electricity needs, which mostly appears in winter months (corr. –0.64 on days with CEEP; corr. –0.87 on first 1000 hours of the year). Hybrid model sums up the two effects caused by wind power production and high nuclear power production.  
4.3. Analysis of electricity production shares It was already visible in the CEEP analysis in the previous chapter that the utilisation of different type of power plants alters significantly due to different nuclear and renewable capacities. However, in Chapter 4.2. the analysis was carried out with special regulation settings to be able to detect CEEP production. In this chapter, power plant production shares are presented in ‘normal’ circumstances as described in Chapter 
2.2.1. 

Figure 3 shows that electricity production of nuclear power plant(s) from only one physical site supplies almost three-quarter of electricity production in Official and Hybrid models, which arises security issues in itself. Intermittent renewable electricity share by 2030 is around 15% in Alternative and Hybrid models while only 3.7% in Official model by 2030. CHP (combined heat and power) and PP (power plant) pro-duction are in a critical situation next to large nuclear and renewable capacities – these power plant types are to be regulated (down) if needed. This can be seen on their production shares as well: they can produce almost half of total in Alternative scenario, only 20% together in Official and 11% in Hybrid. This would mean a positive transition of energy mix in another case; however, in Hungary, Paks I (2,000 MW) is expected to shut down step-by-step between 2032 and 2037. There-fore, PPs working in 2030 would be needed in the next decade as well, but low utilisation rates for the 6 critical years could result in PP shut downs during those years.  
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Figure 3 – Electricity production shares by power 

plant types in different models 
Designed by SÁFIÁN, F. (2016)  As PP utilisation is more ‘endangered’ from this aspect, PP utilisa-tion has to be highlighted. Figure 4 shows the total capacity of PP (con-densation power plants and CHP plants able to work in condensation mode), which is 2,327 MW, without peak power plants, and the utilisa-tion of PPs by months. 
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Figure 4 – Average monthly load capacity of condensational power plants 
in different models 
Designed by SÁFIÁN, F. (2016)  The utilisation of PPs in Official and Hybrid scenarios is critically low, they slightly reach half of their capacity in a monthly average, while in the winter season, CHP plants are displacing them. The utilisa-tion rate of PPs in Official scenario is 19.5%, which means only 1,710 hours, in Hybrid scenario 10.4% and 911 hours. These numbers raise the issue of uneconomic running conditions for power plants which could lead to shut downs. The Alternative scenario would utilise these power plants for 5,316 hours (60.5%), which could lead to normal running conditions based on average PP characteristics.  
5. Conclusions An alternative energy vision and model were outlined and calculated next to the official one. Simulation with EnergyPLAN software showed, that it is possible to run the energy system without a new nuclear 
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power plan by 2030. Furthermore, according to the conservative re-newable energy utilisation targets, 27% renewable electricity produc-tion share is reasonable by 2030, which is more than double compared to the Official scenario, where 2,400 MW new nuclear capacity is planned to be built instead of urging renewable-based improvements. This result implies, that Hungary has different viable options for ener-gy system development, which have not been properly compared and discussed yet in public nor amongst experts; and that renewables would have more space in an alternative energy scenario than the official one. CEEP and production share analyses showed, that excess produc-tion is significantly higher in Official and Hybrid scenarios. Hourly analyses showed, that not (solely) renewable energy production, but high nuclear power supply and low electricity demand are the main reasons of CEEP. One can conclude, that nuclear power capacity will be oversized for 6 years of co-working of the two nuclear power plants, according to the Official scenario, which will be critical from the energy system’s point of view. Nuclear capacity will be larger in itself in low demand hours than the expected electricity demand. The disproportionate nuclear power production and high baseload capacities arise serious issues regarding energy system regulation and renewable energy de-velopment, which can be expected as the followings: 
• exporting electricity is the official solution for this issue, but the probability of CEEP due to large excess electricity production arises, especially during night, when export possibilities are un-favourable; 
• between 2026–2032, due to the large nuclear electricity supply (and renewable production), other power plants will have to minimise their electricity production which is likely to cause uneconomic environment for CHPs and conventional power plants, while their existence would be essential after 2032–2037, when Paks I will be phased out; 
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• due to large nuclear electricity supply, preferred by TSO, will hinder other electricity production solutions for decades like 4th generation CHP district heating and renewable-based solutions; 
• if TSO will not prefer nuclear electricity due to merit order effect or by preferring renewable or CHP production (and the nuclear power plant must be regulated down), financial return of the €12.5 billion investment by the state will be endangered. There-fore, there will be an interest against the development of other producers, like renewables; 
• almost 75% of electricity production will come from one site, which arises security issues.  From looking upon a wider aspect, not only changes in the energy system, but also in the socio–economic framework will necessarily tend to hinder renewable solutions. For example, large amounts of research, development and investment costs will be channelled into nuclear industry, instead of diverse technologies. Furthermore, cen-tralising the energy system on physical, but also on institutional level will hinder the development of renewable-based, decentralised local energy production.  
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